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Abstract
BACKGROUND—Alcohol intoxication impairs innate immune responses to bacterial
pneumonia, including neutrophil influx. Lipopolysaccharide (LPS)-induced chemokine (LIX or
CXCL5) is a recently described chemokine produced by type II alveolar epithelial (AE2) cells
which facilitates neutrophil recruitment. The effect of acute alcohol intoxication on AE2 cell
expression of LIX is unknown.

METHODS—C57BL/6 mice were given an intraperitoneal (i.p.) injection of ethanol (4 g/kg) or
saline 30 min prior to intratracheal (i.t.) injection with 10 μg E. coli LPS. In vitro stimulation of
primary AE2 cells or murine AE2 cell line MLE-12 was performed with LPS and tumor necrosis
factor-alpha (TNF-α).

RESULTS—LIX protein is readily detectable in the lung but not plasma following LPS
administration, demonstrating “compartmentalization” of this chemokine during pulmonary
challenge. In contrast to the CXC chemokines keratinocyte-derived chemokine (KC) and
macrophage inflammatory protein-2 (MIP-2), which are abundantly expressed in both lung tissue
and alveolar macrophages, LIX expression is largely confined to the lung parenchyma. Compared
to controls, intoxicated animals show a decrease in LIX and neutrophil number in bronchoalveolar
lavage (BAL) fluid following LPS challenge. Ethanol inhibits LIX at the transcriptional level. In
vitro studies show that LPS and TNF-αare synergistic in inducing LIX by either primary AE2 or
MLE-12 cells. Acute ethanol exposure potently and dose-dependently inhibits LIX expression by
AE2 cells. Activation of nuclear factor-κB (NF-κB) is critical to LIX expression in MLE-12 cells,
and acute ethanol treatment interferes with early activation of this pathway as evidenced by
impairing phosphorylation of p65 (RelA). Inhibition of p38 mitogen-activated protein kinase
(MAPK) signaling, but not ERK1/2 activity, in MLE-12 cells by acute alcohol is likely an
important cause of decreased LIX expression during challenge.

CONCLUSIONS—These data demonstrate direct suppression of AE2 cell innate immune
function by ethanol and add to our understanding of the mechanisms by which acute intoxication
impairs the lung’s response to microbial challenge.
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Introduction
The lung is routinely exposed to pathogenic bacteria. Successful pulmonary host defense
requires the coordinated recruitment of appropriate effector cells into infected tissue for
microbial killing. Alveolar recruitment of neutrophils is an early and critical component of
pulmonary innate immunity and is mediated by the expression of CXC chemokines
containing the Glu-Leu-Arg motif (Mizgerd, 2002). These so-called ELR+ CXC chemokines
bind CXCR2 found on neutrophils. The most-characterized murine ELR+ CXC chemokines
are keratinocyte cell-derived chemokine (KC or CXCL1), macrophage inflammatory
protein-2 (MIP-2 or CXCL2/3), and more recently, lipopolysaccharide (LPS)-induced CXC
chemokine (LIX or CXCL5). LIX is expressed by type II alveolar epithelial (AE2) cells in
response to airway LPS challenge and is necessary for normal pulmonary neutrophil
recruitment in this model (Jeyaseelan et al., 2004).

While chronic alcohol abuse has long been associated with an increased risk of pneumonia
(Osler, 1905), it is now appreciated that acute intoxication, without a history of alcoholism,
is also a risk factor for bacterial pneumonia (Ruiz et al., 1999). The effect of acute alcohol
intoxication on pulmonary neutrophil recruitment and function during infection has been
well-studied (Nelson et al., 1989a; Zhang et al., 2007). It is now appreciated that the alveolar
epithelium plays an important role in the lung’s innate immune response, including
neutrophil recruitment (Mason, 2006). However, little work has focused on the effect of
acute ethanol on alveolar epithelial cell function in the early inflammatory response to
bacterial challenge. Our current study evaluates the effect of acute alcohol intoxication on
LPS-induced pulmonary expression of LIX, a chemokine abundantly expressed by AE2
cells. Here we show that acute ethanol intoxication inhibits pulmonary LIX production and
alveolar neutrophil influx. AE2 cell release of LIX is critically dependent upon intact
nuclear factor-κB (NF-κB) and p38 mitogen-activated protein kinase (MAPK) signaling, and
alcohol inhibits activation of these pathways. The relatively low dose (25 mM) of ethanol
required to inhibit these cell functions suggests AE2 cells are quite sensitive to ethanol, and
their dysfunction may be a significant consequence of acute intoxication.

Materials and Methods
Mice

Specific pathogen-free male wild-type C57BL/6 mice (Charles River Laboratories;
Wilmington, MA) were used at 6 to 8 weeks of age. All mice were housed in the LSUHSC
vivarium and treated in accordance with institutional guidelines. Mice were provided with
food and water adlibitum and received 12-hr light/dark cycles. All procedures were
approved by the LSUHSC Animal Care and Use Committee.

Alcohol administration and intratracheal injection
Mice received intraperitoneal (i.p.) injection with ethanol [4.0 g/kg; 20% v/v ethanol in
sterile phosphate buffered saline (PBS)] or an equivalent volume of PBS. Thirty minutes
after i.p. injection, animals were anesthetized with isoflurane for exposure and direct
intratracheal (i.t.) administration of 10 μg Escherichia coli LPS (List Biological
Laboratories; Campbell, CA). n ≥5 per group for all in vivo experiments.
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Blood, lung and bronchoalveolar lavage (BAL) harvest
At designated time points, mice were anesthetized with isoflurane and sacrificed by
diaphragmatic interruption. Whole blood was obtained by right ventricular puncture. Plasma
was isolated by supernatant aspiration following centrifugation at 10,000g for 1 min. Lungs
were removed en bloc and homogenized (Omni GLH, Omni International; Warrenton, VA)
in 1 mL of buffer RLT (RNeasy system, Qiagen; Valencia, CA) for RNA isolation or PBS
with 0.1% Triton X-100 and a protease inhibitor cocktail (Complete Mini; Roche
Diagnostics; Indianapolis, IN) for protein analysis. BAL cells were retrieved by lavage of
removed lungs with PBS containing 0.1% glucose. A total of 10 mL lavage was performed
in 1-mL aliquots. The supernatant from the initial 1-mL aliquot was used for protein
analysis.

Plasma ethanol concentration
Alcohol measurements were made by analysis of 10-μL aliquots of plasma using the AM1
Alcohol Analyzer (Analox Instruments; Lunenburg, MA).

Type-II alveolar epithelial cell isolation and cell culture
Primary AE2 cells were prepared using modification of previously published protocols
(Corti, Brody, & Harrison, 1996;Gereke et al., 2007). Briefly, mice were sacrificed and the
lungs were perfused with 10 mL PBS via the right ventricle until visually free of blood. 2
mL dispase (BD Biosciences; Bedford, MA) was instilled into the lungs immediately
followed by 500 μL 1% low-melt agarose (Sigma-Aldrich; St. Louis, MO). Lungs were
removed en bloc, placed in a 4°C bath of PBS for 2 minutes to set the agarose, and then
moved to a culture dish containing an additional 2 mL dispase and incubated at room
temperature for 45 min. The lungs were then transferred to a culture dish containing 7 mL
solution of DMEM and 25 mM HEPES with 350 μg DNase I (Sigma-Aldrich). The lung
parenchyma was teased away from the tracheobronchial tree and the resultant suspension
was agitated for 10 min at room temperature followed by sequential filtration through 70 μm
and 30 μm nylon mesh screens. Cells were incubated in biotinylated anti-CD16/32 (0.65 μg
per million cells) and anti-CD45 (1.5 μg per million cells) (eBioscience; San Diego, CA) for
30 minutes at 4°C. Negative selection was performed using streptavidin-coated magnetic
beads (CELLectionTM Dynabeads®, Invitrogen; Carlsbad, CA) per the manufacturer’s
protocol. Cell purity was at least 85% as validated by pro-surfactant protein C antibody
staining (Chemicon AB3786; Temecula, CA). The mouse alveolar epithelial cell line
MLE-12 (ATCC #CRL-2110) was also used for in vitro studies. The cells were regularly
passed in DMEM/F-12 medium with 1.94 mM L-glutamine adjusted to contain 10 mM
HEPES, 5 μg/mL insulin, 10 μg/mL transferrin, 30 nM sodium selenite, 10 nM
hydrocortisone, 10 nM β-estradiol, penicillin, streptomycin, and 2% fetal bovine serum.
Cells were seeded at 4 x 105 cells/mL in 96-well plates. In designated alcohol experiments,
culture media was replaced with media containing 0, 25, 50, or 100 mM ethanol 90 min
prior to stimulation. Ethanol concentrations were maintained by placing plates in dedicated
CO2 incubators containing a water bath with ethanol, as previously described (Zhang et al.,
2001). In vitro stimulation was performed by adding E. coli LPS at 500 ng/mL final
concentration and/or recombinant mouse TNF-α(eBioscience) at 10 ng/mL final
concentration. In separate experiments, ERK1/2 inhibitors PD 98059 and U0126, p38
inhibitors SB202190 and SB203580 (InvivoGen; SanDiego, CA), or NF-κB p65 inhibitors
SN50 and BAY 11–7082 were used (all inhibitors from Calbiochem; La Jolla, CA except as
noted). Pretreatment duration was 90 min for MAPK inhibitors and 60 min for NF-κB
inhibitors.
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ERK1/2, p38, NF-κB p65 (RelA), and LIX ELISA
Total and phosphorylated ERK1/2 (p44 and p42) and p38 (T180/Y182) concentrations were
determined using a fluorometric ELISA (R&D Systems). Total and phosphorylated (S468/
S536) NF-κB p65 (RelA) concentrations were determined using a colorimetric cell-based
ELISA (Active Motif; Carlsbad, CA). LIX concentrations in cell culture supernatants were
determined by colorimetric sandwich ELISA (R&D Systems).

Real-time reverse transcription and polymerase chain reaction (RT-PCR)
Total RNA from BAL cells and lung homogenates was isolated using RNeasy mini kit
(Qiagen). RNA (10 ng) was subjected to two-step RT-PCR using Taqman® linear
hydrolysis chemistry on the iCycler thermocycler (Bio-Rad; Hercules, CA). Sequences for
LIX are as follows (forward primer, reverse primer, probe): 5′-AGC TGC CCC TTC CTC
AGT C -3′, 5′-TTT CTT TAT CAC AGG AGC TTC TGG -3′, 5′-6-FAM/AGC TAT GAC
TTC CAC CGT AGG GCA CTG T/3BHQ-1 -3′. Data were normalized to 18s ribosomal
RNA content (also determined by real-time RT-PCR) and are expressed as fold induction
over baseline expression.

Statistical analysis
Comparisons between different treatment groups were made using Student’s t-test for simple
pair-wise comparisons. For data not normally distributed, values were log10 transformed
prior to analysis. Differences between treatment groups were accepted as significant when
p<0.05.

Results
Lung LIX expression and neutrophil influx following intratracheal LPS

To determine the kinetics of pulmonary LIX expression, we challenged male C57BL/6 with
i.t. injection of 10 μg LPS. Fig. 1A shows the onset of LIX protein expression and neutrophil
recruitment into the alveolar space in this model. Lung transcripts for LIX peak 2 h post-
challenge, and mRNA expression during challenge is largely confined to lung parenchymal
cells as minimal LIX induction is seen in alveolar macrophages (AM) (Fig. 1B). These
findings are consistent with a previous study demonstrating that endotoxin-induced LIX
production in the lung is predominantly by AE2 cells (Jeyaseelan et al., 2005).

Pulmonary LIX expression is inhibited by acute alcohol administration
Our laboratory has previously shown that acute intoxication impairs pulmonary neutrophil
chemokine induction, including KC and MIP-2 in mice (Happel et al., 2007), and cytokine-
induced neutrophil chemoattractant (CINC; the rat orthologue of murine KC) and MIP-2 in
rats (Boe et al., 2001;Quinton et al., 2005) during microbial challenge. Because LIX is a
more recently described chemokine whose expression (in contrast to KC and MIP-2)
appears limited to the lung parenchyma, we examined whether ethanol would affect this
chemokine as well. 30 min pre-treatment with i.p. ethanol inhibits lung LIX mRNA and
protein expression in BAL fluid at time points which represent their peak expression
following i.t. LPS-challenge (Fig. 2A and 2B). At 4 h, alveolar neutrophil recruitment is
significantly reduced (Fig. 2C). The BAL concentration of TNF-αfollowing i.t. LPS is also
significantly impaired by acute intoxication (Fig. 2D), an observation consistent with a prior
report using a similar model (D'Souza El-Guindy, de Villiers, & Doherty, 2007). Plasma
ethanol levels at 90 min and 4 h post-i.t. LPS were 669.93 ± 10.05 mg/dL and 218.66 ±
18.54 mg/dL, respectively.
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AE2 LIX expression is inhibited by acute ethanol treatment
Because AE2 cells are known to secrete LIX during in vivo endotoxin challenge, we
investigated whether ethanol affects LIX production by these cells. Primary isolated AE2
cells were rested overnight, media changed, and stimulated with LPS, TNF-α, or both
stimuli for 16 h. Primary murine AE2 cells isolates spontaneously produce LIX
(approximately 1ng/mL after 16 h culture) in the absence of LPS or TNF-α. Either stimulus
alone increases LIX expression, and the combination stimulus shows a mildly synergistic
effect on LIX induction (Fig. 3A). 90 min pre-treatment with ethanol suppresses LIX
induction (Fig. 3C). We also tested the effect of ethanol on MLE-12 cells, a line derived
from primary murine AE2 cells which displays similar morphology and function as primary
cells (Ohinata et al., 2005;Tong et al., 2006;Wikenheiser et al., 1993). MLE-12 cells do not
spontaneously release LIX but show a markedly synergistic LIX response to combined LPS
and TNF-αtreatment (Fig. 3B). A substantial alcohol dose-dependent inhibition of
chemokine release is also observed in MLE-12 cells, where an approximately 75% decrease
occurs in the 25 mM ethanol exposure group (Fig. 3D).

Acute ethanol exposure suppresses activation of NF-κB p65 (RelA), which is critical for
LIX expression in MLE-12 cells

Prior work suggests NF-κB signaling is necessary for LIX expression in rat cardiomyocytes
in response to oxidative stress (Chandrasekar, Smith, & Freeman, 2001). An inhibitory
effect of acute ethanol on NF-κB activation has been shown in monocytes (Mandrekar,
Catalano, & Szabo, 1999), murine peritoneal cells (Pruett et al., 2004), and the RAW 264.7
cells (Mandrekar et al., 2006). We therefore examined whether NF-κB is important to
alveolar epithelial cell LIX expression, and what, if any, effect acute ethanol exposure had
on NF-κB activation in these cells. Fig. 4A shows that MLE-12 LIX release is critically
dependent on intact NF-κB signaling. During stimulation, acute alcohol treatment
significantly reduces phosphorylation of the major trans-activating NF-κB domain p65
(RelA) at critical Ser468 and Ser536 residues, reflecting a substantial and dose-dependent
decrease in the level of active NF-κB in the presence of ethanol (Fig. 4B).

MAPK pathways are necessary for LIX expression in LPS-challenged MLE-12 cells
MAPK activity is a critical component of the early inflammatory response in many cell
types. Prior work has shown murine AE2 LIX expression is at least partially p38 MAPK
dependent, (Jeyaseelan et al., 2005) but no data exist concerning the role of “extracellular”
stimulated MAPK (ERK1/2) on alveolar epithelial cell LIX expression. We examined the
ERK1/2 and p38 signaling requirement for LIX expression by MLE-12 cells during LPS/
TNF-αtreatment. Although LIX expression decreases during blockade of either MAPK
pathway, near abolishment of LIX release is seen with p38 inhibition (Fig. 5A).

Acute ethanol exposure inhibits activation of p38 but not ERK1/2 in MLE-12 cells
Acute ethanol treatment has been associated with a decrease in MAPK phosphorylation in
response to LPS following both in vivo (Goral, Choudhry, & Kovacs, 2004;Kato, Negoro, &
Wakabayashi, 2005) and in vitro (Oak et al., 2006) intoxication. Because both p38 and
ERK1/2 MAPK pathways appear to play a role in mediating LIX expression in MLE-12
cells, we sought to examine the effect of acute ethanol exposure on MAPK phosphorylation
in MLE-12 cells following stimulation with LPS/TNF-α. Ethanol treatment prior to
stimulation inhibits p38 phosphorylation but has no effect on ERK1/2 activation (Fig. 5B
and 5C).
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Discussion
Here we show that alcohol impairs expression of the neutrophil chemokine LIX both in vivo
and in vitro following acute exposure. This effect is ethanol dose-dependent and likely
mediated through impairment of MAPK and NF-κB signaling in the alveolar epithelium.
Although much work has previously shown inhibition of chemokines and neutrophil influx
into the lungs of acutely intoxicated and infected animals, this is the first demonstration that
ethanol directly suppresses alveolar epithelial cell CXC chemokine expression. Because LIX
is required for normal pulmonary neutrophil recruitment during local endotoxin challenge
(Jeyaseelan et al., 2004), we believe this work is novel in describing one aspect of the
impairment alcohol has on the alveolar epithelial cell contribution to innate host defenses.

Recruitment of leukocytes is critical to an effective response during pulmonary infection. As
the resident immune cell in the alveolar space, the AM is pivotal in the initiation of the
inflammatory response through early phagocytosis and secretion of “alarm” cytokines. TNF-
αis a well-described cytokine released by AM which mediates pulmonary host defenses and
neutrophil recruitment (Nelson et al., 1989b). Here we confirm previous findings that acute
ethanol treatment impairs pulmonary TNF-αexpression during LPS challenge (D'Souza El-
Guindy, de Villiers, & Doherty, 2007). Although LPS is known to induce LIX release by
AE2 cells (Jeyaseelan et al., 2005), the specific signaling requirements for physiologic LIX
expression during airway endotoxin challenge are unknown. Our current work shows LPS
and TNF-αare synergistic in inducing release of LIX by AE2 cells. These findings are
consistent with prior work showing that TNF-αpotentiates the release of LIX by MC3T3
cells (Ruddy et al., 2004) and the LIX orthologue ENA-78 by A549 cells (Sachse et al.,
2005). In the lung, TNF-αmay function as an “amplifier” which is required for maximal
AE2 cell LIX expression, in the absence of which LIX expression to LPS is attenuated. This
protective mechanism may prevent inappropriate neutrophil recruitment during low-level
endotoxin exposure in the alveolar compartment.

Alcohol intoxication disrupts innate immune responses to infection (Happel & Nelson,
2005) and is a well-described clinical modifier for bacterial pneumonia (Schmidt & De,
1972). Our laboratory has previously shown that acute intoxication decreases release of the
neutrophil chemokines CINC and MIP-2 in rats as well as KC and MIP-2 in mice, leading to
suppression of alveolar neutrophil recruitment following acute alcohol intoxication (Quinton
et al., 2005; Boe et al., 2001; Happel et al., 2007)). Unlike KC and MIP-2, LIX is not
expressed by leukocytes (Smith & Herschman, 1995) and thus provides an opportunity to
study the effect of alcohol on epithelial cell neutrophil chemokine expression, both in vivo
and in vitro. In this study, we show suppression of LIX by acute alcohol exposure, thus
demonstrating a direct effect on an innate defense function of lung stromal cells. We feel
this is an important finding in light of work emphasizing the role of pulmonary epithelial
cells in the host response to infection (Mason, 2006; Diamond, Legarda, & Ryan, 2000). The
observation of decreased lung LIX mRNA content in the intoxicated group is the result of
impaired transcriptional activation, decreased mRNA stability, or both.

The NF-κB family of transcription factors is a central mediator of acute inflammatory genes.
Chandrasekar and others have shown a role for NF-κB signaling in LIX production in rodent
cardiomyocytes (Chandrasekar, Smith, & Freeman, 2001). Our computational inspection of
the murine LIX promoter region suggests NF-κB binding affinity, and our in vitro work
confirms alveolar epithelial expression of LIX in response to LPS/TNF-αis critically
dependent on NF-κB. Previous work has shown that NF-κB DNA binding activity in LPS-
stimulated monocytes is decreased by acute alcohol exposure, and this defect is not the
result of impaired IκB degradation (Mandrekar et al., 2006; (Mandrekar et al., 2002). In
addition, acute exposure results in decreased nuclear localization of p65 (RelA) without an
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effect on the non-activating p50 subunit. This results in an increase in the ratio of the
inhibitory p50/p50 homodimer to the trans-activating p65/p50 heterodimer in the nucleus.
Our current work adds to the existing knowledge of acute alcohol and RelA signaling by
demonstrating a defect in phosphorylation of critical serine residues within the RelA protein,
an early and necessary step in the NF-κB activation pathway (Brown et al., 1995;Joo &
Jetten, 2008). These findings are consistent with the previously reported IκB-independent
defect caused by alcohol on RelA nuclear translocation. There are multiple kinase systems
responsible for phosphorylation of RelA (Ci et al., 2008;Sun et al., 2008a), and we are
currently investigating whether alcohol inhibits these kinase pathways. It is also plausible
that alcohol induces phosphatase activity that degrades phospho-RelA, and this possibility is
also under study. These findings are the first to extend acute alcohol administration’s
derangement of NF-κB signaling to the alveolar epithelium. Given the central role of lung
epithelial cell NF-κB signaling in the initiation of pulmonary innate immune responses to
infection (Quinton et al., 2007), it is likely that multiple features of innate host defense that
occur in the alveolar epithelium are impaired by the effect of alcohol on NF-κB.

LPS, through TLR4 signaling, causes phosphorylation of ERK1/2, p38, and JNK MAP
kinases, and these pathways activate NF-κB (Saklatvala, Dean, & Clark, 2003). Ex vivo
inhibition of p38 signaling decreases inflammatory cytokine release from human lung tissue
following infection with S. pneumoniae (Xu et al., 2008). Inhibition of the related p38 and
JNK kinases has a similar detrimental effect on LIX expression by human corneal epithelial
cells (Sun et al., 2008b) and in a murine model of LPS-induced lung injury (Jeyaseelan et
al., 2005). Our inhibitor data suggest LIX is at least partially dependent on ERK1/2
signaling in MLE-12 cells, in agreement with previous work using murine cardiac
fibroblasts (Lafontant et al., 2006). We did not expect the finding that acute exposure to
alcohol (up to 100 mM) would not impede ERK1/2 activation in MLE-12 cells, as our prior
study using the MH-S murine AM cell line revealed impaired phosphorylation of this
signaling cascade at 50 mM (Happel et al., 2007). Others have also shown that human blood
monocyte ERK1/2 activation is alcohol-sensitive (Oak et al., 2006). In contrast, inhibition of
p38 MAPK reveals a critical dependence on this pathway for MLE-12 cell LIX production.
Similar to previous findings in monocytes (Drechsler et al., 2006), we now show acute
alcohol treatment dose-dependently inhibits activation of the p38 kinase system in an
alveolar epithelial cell line. This “selectivity” of MAP kinase inhibition in MLE-12 cells
argues against a non-specific toxic effect of ethanol in this model system, as does the
pronounced p38 inhibition at 25 mM ethanol, a relatively modest concentration
corresponding to a blood alcohol content of roughly 0.1%. We conclude that alcohol-
sensitive (and insensitive) signaling pathways are differentially expressed and utilized by the
various cells types. Because 25 mM ethanol showed substantial inhibition of MAPK and
NF-κB activation (in the MLE-12 cells) and impaired LIX release by primary AE2 cells, we
conclude that dysfunction of the innate immune response by these cells occurs at
physiologically relevant concentrations of ethanol achieved by acute ingestion.

Our current work has several limitations. Although we show ethanol inhibits lung LIX
expression, we do not demonstrate, in vivo, that ethanol specifically decreases AE2 LIX
expression. Since no other cell type is shown to express LIX in response to LPS challenge
(Jeyaseelan et al., 2005), we feel confident our in vivo and in vitro studies implicate a
substantial defect in AE2 innate immune function during intoxication. We cannot quantify
the relative impact of LIX suppression on the overall defect in neutrophil recruitment into
the lung during intoxication and LPS challenge. We and others have shown inhibition of the
neutrophil chemokines KC and MIP-2 in lung during alcohol exposure, although not with
the marked sensitivity to 25 mM ethanol as seen in vitro with AE2 cells shown herein.
Furthermore, our intracellular signaling work was performed on an in vitro cell line model
which may not precisely reflect the effects of ethanol in primary cells. MLE-12 cells and
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primary isolated AE2 cells share a p38 MAP kinase requirement for optimal LIX expression
(Jeyaseelan et al., 2005), and, in this study, both show a similar pattern of LIX suppression
by alcohol. Hence, we believe that the cell signaling results seen in MLE-12 experiments are
likely representative. Lastly, both TLR4 and the TNF-αp55 receptor utilize MAPK and NF-
κB pathways. Our signaling work therefore does not identify the effect of alcohol on specific
upstream signaling events during combined TNF-αand LPS stimulation, the treatment
condition yielding the greatest LIX response in AE2 cells.

In summary, we show acute ethanol intoxication impairs the pulmonary LIX response to
intratracheal LPS. AE2 cells are an important source of LIX and express high levels of this
chemokine during combined LPS and TNF-αtreatment. Epithelial cell function is sensitive
to ethanol treatment, as demonstrated by the impairment in NF-κB activation and selective
inhibition of p38 MAPK at low ethanol concentrations. These data extend our understanding
of acute intoxication’s effect on alveolar epithelial cell innate immune function during
bacterial challenge.
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Figure 1.
Onset of LIX expression and neutrophil recruitment following i.t. LPS challenge (10 }g).
C57BL/6 mice were sacrificed at specified time points for BAL. Alveolar LIX protein
expression increases after 1 h and peaks 4 h post-challenge. Neutrophil recruitment into the
alveolar space quickly increases following the peak of LIX expression (A). LIX mRNA
expression (peak level 2 h post-LPS) is largely confined to lung parenchymal cells, as
minimal induction is seen in alveolar macrophages (AM) (B). * p<0.05 vs. lung tissue.
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Figure 2.
LPS-induced LIX, TNF-αexpression and neutrophil recruitment are attenuated during acute
intoxication. C57BL/6 mice were given i.p. injection of PBS (black bars) or ethanol (4.0g/
kg, open bars) followed by 10 }g i.t. LPS challenge 30 min later. Ethanol intoxication
inhibits both lung LIX mRNA transcription at 2 h (A) and protein expression at 4 h (B)
following LPS challenge, times which represent their peaks of expression. 4 h neutrophil
recruitment into alveolar space is significantly impaired during intoxication (C) as is 90 min
TNF-αin BAL fluid (D). * p<0.05 vs. non-intoxicated mice.
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Figure 3.
Primary AE2 cell and MLE-12 cell LIX expression is suppressed by acute alcohol exposure.
Cells were harvested, allowed to rest overnight, and stimulated for 16 hr with LPS (500 ng/
mL) or TNF-α(10 ng/mL) alone or in combination. Either stimulus alone is sufficient for
LIX expression in primary AE2 cells, whereas combined stimulation results in maximal LIX
expression (A). In MLE-12 cells, combination stimulation induces a robust LIX response
(B). 90-min ethanol pretreatment followed by LPS/TNF-αstimulation shows that alcohol
dose-dependently suppresses LIX expression in primary AE2 cells (C) and MgLE-12 cells
(D). Letters indicate statistically significant differences (p<0.05).
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Figure 4.
LIX expression by MLE-12 cells is dependent upon NF-κB signaling. 60 min pretreatment
with NF-κB inhibitors SN50 or BAY 11–7082 prior to 16-hr LPS/TNF-αstimulation
markedly impairs LIX production (A). 90 min ethanol treatment prior to 16-hr LPS/TNF-
αstimulation significantly reduces phosphorylation of the major trans-activating NF-κB
domain p65 (RelA) at Ser468 and Ser536 residues, reflecting a substantial and ethanol dose-
dependent decrease in the level of active NF-κB signaling (B). * p<0.05 vs. stimulated cells
in absence of inhibitor. † p<0.05 vs. unstimulated cells. ‡ p<0.05 vs. stimulated cell without
ethanol pre-treatment.

Walker et al. Page 14

Alcohol Clin Exp Res. Author manuscript; available in PMC 2010 February 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 5.
MAPK pathway activation is necessary for LIX expression in LPS-challenged MLE-12 cells
and shows selective suppression by alcohol exposure. MLE-12 cells were pretreated for 90-
min with selective p38 inhibitors (10 μM SB202190 or 0.5 μM SB203580) or ERK1/2
inhibitors (0.1 μM U0126 or 50 μM PD98059) prior to 16-hr LPS/TNF-αstimulation.
MAPK blockade decreases LIX expression, with a greater effect of p38 inhibition (A). 90-
min ethanol pretreatment prior to 16-hr LPS/TNF-αstimulation inhibits p38
phosphorylation/activation (B), but has no effect on ERK1/2 phosphorylation/activation (C).
* p<0.05 vs. stimulated cells in absence of inhibitor or ethanol.
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