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Abstract
Background—Despite advances in our understanding of excessive alcohol intake-related tissue
injury and modernization of the management of septic patients, high morbidity and mortality due to
infectious diseases in alcohol abusers remain a prominent challenge. Our previous studies have shown
that milk fat globule epidermal growth factor-factor VIII (MFG-E8), a protein required to opsonize
apoptotic cells for phagocytosis, is protective in inflammation. However, it remains unknown
whether MFG-E8 ameliorates sepsis-induced apoptosis and organ injury in alcohol-intoxicated rats.
The purpose of this study was to determine whether recombinant murine MFG-E8 (rmMFG-E8)
attenuates organ injury after acute alcohol exposure and subsequent sepsis.

Methods—Acute alcohol intoxication was induced in male adult rats by a bolus injection of
intravenous alcohol at 1.75 g/kg BW, followed by an intravenous infusion of 300 mg/kg BW/h of
alcohol for 10h. Sepsis was induced at the end of 10-h alcohol infusion by cecal ligation and puncture
(CLP). rmMFG-E8 or vehicle (normal saline) was administered intravenously three times (i.e., at
the beginning of alcohol injection, the beginning of CLP, and 10h post-CLP) at a dose of 20 μg/kg
BW each. Blood and tissue samples were collected 20h after CLP in alcoholic animals for various
measurements.

Results—Acute alcohol exposure per se did not affect the production of MFG-E8; however, it
primed the animal and enhanced sepsis-induced MFG-E8 downregulation in the spleen.
Administration of rmMFG-E8 reduces alcohol/sepsis-induced apoptosis in the spleen, lungs, and
liver. In addition, administration of rmMFG-E8 after alcohol exposure and subsequent sepsis
decreases circulating levels of TNF-α and IL-6 and attenuates organ injury.

Conclusions—rmMFG-E8 attenuates sepsis-induced apoptosis and organ injury in alcohol-
intoxicated rats.
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Introduction
Alcohol is the third leading cause of preventable death in the U.S. Over 18 million Americans,
ages 18 and older, suffer from alcohol abuse or dependence. Alcohol abusers are susceptible
to a wide range of infectious diseases (Cook 1998;Brown et al., 2006;Waldschmidt et al.,
2008). The increase in both frequency and severity of infections in ethanol-consuming
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individuals is attributed to ethanol-induced immune dysfunction (Cook 1998). Alcohol
exposure compromises multiple aspects of the immune system. In particular, cells of the
monocyte lineage seem to be extremely sensitive to the immunomodulatory effects of ethanol
(Bautista 1998;Szabo 1998;Bautista and Spitzer 1999). In alcoholic liver disease, Kupffer cell
function is dysregulated, leading to inefficient phagocytosis, the increased production of
proinflammatory cytokines (Tilg et al., 1992;McClain et al., 2005), free radical production
(Bautista 1998;Bautista and Spitzer 1999), and the release of suppressive factors (Tilg et al.,
1992;Annoni et al., 1992).

Sepsis is also a significant health problem and a major cause of death in intensive care units
(ICU) worldwide (Powers and Jacobi 2006;Howell and Tisherman 2006;Jenkins 2006;Remick
2007). Evidence indicates that in the US alone, more than 750,000 people develop sepsis each
year with an overall mortality rate of 28.6% (Angus et al., 2001). It is reasonable to conclude
that sepsis in alcoholics is associated with even higher mortality. Studies in septic patients and
animals have demonstrated that several cell types (e.g., lymphocytes, vascular endothelial cells,
and enteric epithelial cells) undergo apoptosis, and excessive apoptosis has severe pathological
consequences for the immune system (Ayala et al., 1998;Mahidhara and Billiar 2000;Wesche
et al., 2005;Hotchkiss et al., 2005a;Hotchkiss et al., 2005b). Apoptotic cells are prone to
undergoing secondary necrosis if they are not effectively removed by phagocytes (Fink and
Cookson 2005). Without proper clearance, apoptotic cells will undergo secondary necrosis and
have the potential to pose a great harm to the host, as they then release potentially harmful
inflammatory and toxic mediators, further impairing the septic condition (Hanayama et al.,
2002;Scaffidi et al., 2002;Bell et al., 2006;Miksa et al., 2009).

Our recent studies have shown that milk fat globule epidermal growth factor-factor VIII (MFG-
E8, also called lactadherin in humans), an opsonizing protein essential for the engulfment of
apoptotic bodies, decreases significantly during sepsis. In fact, the downregulation of MFG-
E8 is responsible for reduced apoptotic cell clearance under such conditions (Miksa et al.,
2009). Administration of MFG-E8-containing exosomes or recombinant murine MFG-E8
(rmMFG-E8) increases phagocytosis of apoptotic cells, reduces proinflammatory cytokines,
and improves survival in a rodent model of polymicrobial sepsis. However, it remains unknown
whether MFG-E8 ameliorates sepsis-induced organ injury in alcohol-intoxicated rats. The
purpose of this study was to determine whether rmMFG-E8 attenuates apoptosis and organ
injury after alcohol exposure and subsequent sepsis.

Materials and Methods
Experimental animals

Male Sprague-Dawley rats (250-275g) purchased from Charles River Laboratories
(Wilmington, MA) were housed in a light-controlled room with a 12-h light/dark cycle and
allowed free access to water and standard rat chow. Rats were acclimatized for at least 1 week
before experimentation. All animals received humane care in compliance with the National
Research Council's Guide for the Care and Use of Laboratory Animals. The animal protocol
was approved by the Institutional Animal Care and Use Committee (IACUC) of The Feinstein
Institute for Medical Research.

Animal model of alcohol exposure followed by polymicrobial sepsis
Prior to alcohol exposure, male Sprague-Dawley rats were fasted overnight but allowed water
ad libitum. Acute alcohol exposure was performed according to Bautista (Bautista 2002) with
some modification as we have recently described (Chaung et al., 2008). Briefly, rats were
anesthetized with isoflurane inhalation. A catheter (PE-50 tubing) was placed in a jugular vein.
Acute alcohol intoxication was induced by a bolus injection of alcohol at 1.75 g/kg BW (in 1
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ml normal saline) via the jugular venous catheter, followed by an intravenous infusion of 300
mg/kg/h of alcohol for 10h (total dose 4.75 g/kg BW) which was administered without
anesthesia, by use of a specialized animal restraint allowing free movement of the rat within
the cage. This produced an average blood alcohol level of >135 mg/dL without any lethality
(Chaung et al., 2008). Sepsis was induced at the end of the 10-h alcohol infusion by cecal
ligation and puncture (CLP), a well-described clinically relevant model of polymicrobial sepsis
(Chaudry et al., 1979;Fink and Heard 1990;Deitch 1998;Wang and Chaudry 1998). In brief, a
2-cm ventral midline abdominal incision was performed under anesthesia. The cecum was then
exposed, ligated just distal to the ileocecal valve to avoid intestinal obstruction, punctured twice
with an 18-gauge needle, and returned to the abdominal cavity. The incision was afterwards
closed in layers and the animals received 3 ml/100g BW normal saline subcutaneously (i.e.,
fluid resuscitation). Sham-operated animals underwent the same procedures (i.e., cannulation
and exposure of their abdominal cavity) with the exception that normal saline instead of alcohol
was injected and their cecum was neither ligated nor punctured.

Quantitative RT-PCR
RNA was extracted from spleen tissue samples using TRIzol Reagent (Invitrogen, Carlsbad,
CA). 5μg of RNA was reverse transcribed to cDNA using murine leukemia virus reverse
transcriptase (Applied Biosystems, Foster City, CA) and amplified by quantitative PCR (Q-
PCR) using SYBR green PCR Master Mix (Applied Biosystems). The following primer sets
were used: MFGE8 (107 bp, Gene Bank NM_012811) sense 5′ TGA GGA ACA AGG AAC
CAG 3′, antisense: 5′ GGA AGG ACA CGC ACA TAG 3′, G3PDH (100 bp, Gene Bank
XM_579386), sense: 5′ ATG ACT CTA CCC ACG GCA AG 3′, antisense: 5′ CTG GAA GAT
GGT GAT GGG TT 3′.

Administration of rmMFG-E8
In order to determine whether MFG-E8 has any beneficial effects after alcohol and sepsis,
recombinant murine MFG-E8 (rmMFG-E8; R&D Systems, Minneapolis, MN) was
administered intravenously three times (at the beginning of alcohol injection, the beginning of
CLP, and 10h post-CLP) at a dose of 20 μg/kg BW (in 1 ml normal saline) each time (total
dosage 60 μg/kg BW) via either jugular or femoral vein catheters. Vehicle-treated animals
received an equivalent volume of fluid (i.e., normal saline). Sham-operated animals were
exposed to neither alcohol/sepsis nor rmMFG-E8 treatment. Blood and tissue (i.e., the spleen,
lungs and liver) samples were collected 20h after CLP in the alcoholic animals for various
measurements.

TUNEL assay
The presence of apoptotic cells in the spleen, lungs, and liver was demonstrated using a terminal
deoxynucleotide transferase dUTP nick-end labeling (TUNEL) staining kit (Roche
Diagnostics, Indianapolis, IN). Briefly, tissue samples were fixed in 10% phosphate buffered
formalin, embedded into paraffin and sectioned at 6 μm following standard histology
procedures. Tissue sections were dewaxed, rehydrated and equilibrated in Tris buffered saline
(TBS). The sections were then digested with 20 μg/ml proteinase K for 20 min at room
temperature. The sections were then washed and incubated with a mixture containing terminal
deoxynucleotidyl transferase and fluorescence-labeled nucleotides and examined under a
fluorescence microscope. The negative control was performed by incubating slides in the
mixture containing only deoxynucleotidyl transferase as recommended by the provider.

Western blotting analysis of cleaved caspase-3 protein levels
Spleen, lung, and liver samples (0.1 g) were lysed and homogenized in 1 ml of lysis buffer (10
mM Tris-buffered saline, 1 mM EDTA, 1 mM EGTA, 2 mM sodium orthovanadate, 0.2 mM
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PMSF, 2 μg/ml leupeptin, 2 μg/ml aprotinin, and 1% Triton X-100) for 30 min on ice and
cleared by centrifugation at 12,000 g for 15 min at 4°C. Twenty-five micrograms of protein
were fractionated on a 4-12% Bis-Tris gel and transferred to a 0.2-μm nitrocellulose membrane.
Nitrocellulose blots were blocked by incubation in TBST (10 mM Tris-HCl, pH 7.5, 150 mM
NaCl, and 0.1% Tween 20) containing 5% milk for 1 h. Blots were then incubated with cleaved
caspase-3 antibodies (1:1,000) (Asp175, Cell Signaling Technology) overnight at 4°C. Finally,
the blots were washed in TBST three times for 15 min, incubated with horseradish peroxidase-
linked anti-rabbit immunoglobulin G for 1 h at room temperature, and washed five times in
TBST for 10 min. A chemiluminescent peroxidase substrate (ECL, Amersham Biosciences,
Piscataway, NJ) was applied according to the manufacturer's instructions, and the membranes
were exposed briefly to radiography film. The band densities were normalized by β-actin with
the use of the Bio-Rad Image System.

Determination of serum levels of TNF-α and IL-6
The concentrations of tumor necrosis factor-alpha (TNF-α) and interleukin-6 (IL-6) in the
serum were quantified by using commercially obtained enzyme-linked immunosorbent assay
(ELISA) kits specific for rat-TNF-α and IL-6 (BioSource International, Camarillo, CA). The
assays were carried out according to instructions provided by the manufacturer. All samples
were tested in duplicates.

Measurement of myeloperoxidase (MPO) activity
MPO activity in the lungs was determined by using the peroxidase-catalyzed reaction as
described previously (Wu et al., 2008). All samples were tested in duplicates.

Determination of serum levels of organ injury markers
Serum levels of lactate and lactate dehydrogenase (LDH) were determined by using assay kits.
All assays were performed according to instructions provided by the manufacture (Pointe
Scientific, Canton, MI).

Statistical analysis
All data were expressed as means ± SE and compared by one-way or two-way ANOVA and
the Student-Newman-Keuls test. Differences in values were considered significant if P < 0.05.

Results
Effects of acute alcohol exposure on sepsis-induced organ injury and inflammatory
responses in rats

As shown in Table 1, acute alcohol exposure has no major effects on plasma levels of lactate,
a marker for systemic hypoxia, in either normal or septic rats. Similarly, acute alcohol exposure
alone had no major effects on plasma levels of TNF-α and IL-6 as compared to sham-operation
(i.e., no alcohol no CLP). Sepsis-induced TNF-α and IL-6 production, on the other hand, was
slightly higher in acute alcohol intoxicated rats (Alcohol+CLP) than normal rats (CLP).
However, these increases were not statistically significant. Pulmonary MPO activity, an
indication of neutrophil infiltration in the lungs, was almost doubled after acute alcohol
exposure in normal rats. However, sepsis-induced neutrophil infiltration in the lungs was only
slightly higher in acute alcohol intoxicated rats (Alcohol+CLP) than normal rats (CLP).

Alterations in splenic MFG-E8 gene expression after alcohol exposure and subsequent
sepsis

As shown in Fig. 1, infusion of alcohol for 10h did not significantly alter MFG-E8 expression.
Although splenic MFG-E8 gene expression decreased by 19.9% at 5h after CLP in the absence
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of alcohol, such a reduction is not statistically significant from the sham control. In contrast,
MFG-E8 gene expression in the spleen decreased by 45.0% at 5h after CLP in alcohol-exposed
animals as compared to that in sham-operated animals (P<0.05, Fig. 1). MFG-E8 gene
expression was further downregulated by 70.3% at 20h after CLP in alcohol-exposed animals,
as compared to only 49.1% decrease at 20h after CLP without alcohol exposure (Fig. 1). The
levels of MFG-E8 gene expression in Alcohol+CLP-20 h animals were even significantly lower
than those in CLP alone animals, suggesting that alcohol possesses the priming effect which
sensitizes the animal more susceptible to the second hit (sepsis).

rmMFG-E8 decreases apoptosis in various tissues after alcohol exposure and subsequent
sepsis

Apoptosis was detected in situ using the TUNEL assay. As shown in Figures 2A-D, TUNEL-
positive cells in the spleen increased markedly at 20h post-CLP in alcohol-exposed animals
with vehicle treatment as compared to sham-operated animals. Administration of rmMFG-E8,
however, significantly decreased the number of apoptotic cell in the spleen after the double-
hit of alcohol plus sepsis (Figs. 2C & 1D). Similar results (increased apoptosis after alcohol/
sepsis and prevention of apoptosis by rmMFG-E8) were also observed in the lungs (Figs. 3A-
D) and liver (Figs. 4A-D). To further confirm this beneficial effect of rmMFG-E8, cleaved
caspase-3 was used as an additional measure of apoptosis. Tissue cleaved caspase-3 was
measured by Western blot analysis, and β-actin was used to ensure equal protein loading. As
shown in Figure 5, cleaved caspase-3 levels increased in animals experiencing the double-hit,
and administering rmMFG-E8 treatment decreased cleaved caspase-3 in the spleen, lungs, and
liver. Thus, rmMFG-E8 effectively reduces apoptosis in various tissues after alcohol exposure
and sepsis.

rmMFG-E8 downregulates proinflammaotory cytokines after alcohol exposure and
subsequent sepsis

As shown in Figure 6A, TNF-α levels in the serum increased by 194.7% 20h after CLP in
animals exposed to alcohol (P<0.05). Administration of rmMFG-E8 significantly decreased
serum TNF-α levels by 63.4% (Fig. 6A). Similarly, serum IL-6 levels increased markedly after
alcohol exposure and subsequent sepsis, and importantly, administration of rmMFG-E8
prevented the aforementioned increases (P<0.05, Fig. 6B).

rmMFG-E8 reduces neutrophil infiltration in the lungs after alcohol exposure and subsequent
sepsis

Tissue levels of myeloperoxidase (MPO) activities were assayed to reflect neutrophil
accumulation. Neutrophils are a potential source of oxygen free radicals, which can cause tissue
damage. As shown in Figure 7, alcohol/sepsis increased lung MPO activities by 429.8%, and
rmMFG-E8 treatment decreased activity by 39.7%, suggesting that rmMFG-E8 reduces tissue
neutrophil accumulation.

rmMFG-E8 attenuates tissue injury after alcohol exposure and subsequent sepsis
As shown in Fig. 8A, circulating levels of lactate (a measure of decreased tissue perfusion or
hypoxia) increased markedly 20h after CLP in alcohol-exposed animals. Administration of
rmMFG-E8 significantly reduced lactate levels despite the fact that such levels were
statistically higher than those in sham-operated animals. The activity of LDH in the circulation,
another marker of cell injury, was increased after the double-hit, but administration of rmMFG-
E8 was able to decrease LDH (Fig. 8B).
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Discussion
Alcohol abusers are susceptible to a wide range of infectious diseases. Despite advances in our
understanding of excessive alcohol-intake related tissue injuries and improvements in the
management of septic patients, controlling the high morbidity and mortality rate due to
infectious diseases in alcohol abusers remains a prominent challenge (Waldschmidt et al.,
2008). Therefore, there is a dire need for therapy and treatments geared directly toward treating
sepsis in alcoholics. Using a rat model of alcohol exposure and subsequent polymicrobial
sepsis, the current study clearly shows that administration of rmMFG-E8 reduces sepsis-
induced apoptosis, inflammation and organ injury in alcohol-intoxicated rats.

MFG-E8 is a secreted protein (Hanayama et al., 2002), which is expressed in mammary glands,
secreted from the glandular epithelial cells in milk fat globules, and is possibly involved in the
uptake of milk fat globules in the gut (Taylor et al., 1997;Oshima et al., 1999;Akakura et al.,
2004). Recently, Hanayama et al. discovered that MFG-E8 plays a major role in the clearance
of apoptotic cells (Hanayama et al., 2002;Hanayama et al., 2004;Hanayama et al., 2006). Cells
undergoing apoptosis present several “eat-me” signals on their surface, the best-described
being the phosphatidylserine (PS). PS is normally expressed on the inner leaflet of the plasma
membrane and is exposed only if the cell undergoes apoptosis (Savill et al., 2003;Asano et al.,
2004). It can be recognized by several surface proteins on phagocytes, including PS receptors,
annexins (Fan et al., 2004), and CD36 (Tait and Smith 1999). The apoptotic cells then adhere
to the cell surface of the phagocytes and are closely attached to them (Zullig and Hengartner
2004). For the engulfment of apoptotic bodies, however, interaction between the exposed PS
on the surface of apoptotic cells and a specific integrin [αvβ3 (vitronectin receptor) or αvβ5]
expressed on the phagocytes is required (Zullig and Hengartner 2004). Such a process is
mediated by MFG-E8 (Hanayama et al., 2002;Zullig and Hengartner 2004). Without MFG-
E8, full engulfment and the removal of apoptotic cells cannot be completed (Hanayama et al.,
2004). Our recent studies have shown that a deficiency in MFG-E8 is detrimental in sepsis
(Miksa et al., 2009). Mice lacking MFG-E8 accumulate 2-3 times as many apoptotic cells above
the basal level and have a 60% higher mortality rate than wild-type mice (Miksa et al., 2009).
In the current study, we found that acute alcohol exposure per se does not affect the production
of MFG-E8; however, it primes the animal and enhances sepsis-induced MFG-E8
downregulation in the spleen. It is possible that the molecular basis of alcohol's priming effect
on MFG-E8 downregulation induced by sepsis is its upregulatory effect on CD14 and TLR4
(data not shown). However, whether co-administration of alcohol at the time of CLP without
continued infusion would have a similar result remains to be determined.

Apoptotic cells from the spleen, thymus, peripheral blood mononuclear cells, and even the
liver can be detected after alcohol exposure (Neuman et al., 2002). Studies in septic patients
and animals have also revealed the excessive apoptosis presents under such conditions (Ayala
et al., 1998;Mahidhara and Billiar 2000;Wesche et al., 2005;Hotchkiss et al., 2005a;Hotchkiss
et al., 2005b). Loss of immune cells is believed to contribute to the immune suppression that
is linked to disease pathogenesis and resulting mortality. Indeed, recent reports suggest a
causative link between profound lymphocyte loss due to apoptosis and poor outcome (Le et
al., 2002;Bilbault et al., 2004). Inhibition of apoptosis has recently been suggested as a
promising therapeutic approach for the prevention and treatment of sepsis (Wesche et al.,
2005;Hotchkiss and Nicholson 2006;Weber et al., 2009). There is no doubt that prevention of
lymphocyte apoptosis can have a profound positive effect on survival in sepsis models.
However, inhibition of apoptosis requires early or even pre-treatment. Therefore, the clinical
application of this idea is extremely limited and often impractical. Our current study has shown
that administration of rmMFG-E8 reduced apoptosis in various organs after alcohol and sepsis.
Since MFG-E8 does not decrease the number of apoptotic cells through the direct modulation
of apoptotic pathways but rather through an increased clearance of apoptotic cells (Miksa et
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al., 2006), pre- or early treatment is not required for its application. In this regard, it may be
used in alcoholic patients with established sepsis.

Sepsis is marked by a systemic inflammatory response. Balanced inflammatory responses are
essential elements of a successful host response after injury (Moretta 2002). However,
excessive and sustained inflammatory responses can cause severe tissue damage and may lead
to multiple organ damage and septic shock (Martin et al., 2003;Riedemann and Ward 2003).
Systemic increases of proinflammatory cytokines in sepsis have been previously associated
with high mortality rates (Lotze and Tracey 2005). Studies using inhibitors of these cytokines
demonstrated increased survival in experimental sepsis (Tracey et al., 1987;Qin et al., 2006).
However, the effects of antagonistic anti-cytokine therapies often failed clinically, and in many
cases, the efficacy of these treatments was dependent on the severity of sepsis (Wesche-Soldato
et al., 2007). Therefore, modulation of cytokine production rather than direct inhibition may
be more effective in sepsis treatment. In our rat model of alcohol/sepsis, increases in TNF-α
and IL-6 were observed at 20 h after CLP. We have shown here that rmMFG-E8 suppressed
sepsis-induced increases in TNF-α and IL-6 in alcohol-intoxicated rats. Historically, apoptosis
has been seen as an orderly process of cell suicide that, unlike necrosis, does not elicit
inflammation (Fadok et al., 1998). Recently it has become clear, however, that apoptotic cells
eventually undergo secondary necrosis and stimulate an inflammatory response if they are not
removed by phagocytosis (Scaffidi et al., 2002;Bell et al., 2006). Under physiological
conditions, a secondary (post-apoptotic) necrosis of apoptotic cells can be prevented through
their fast removal by phagocytes (e.g., macrophages, endothelial cells) in tissues and circulation
(Zullig and Hengartner 2004;Lauber et al., 2004;Kim et al., 2005). Therefore, potential harm
from apoptotic cells caused by the leakage of their dangerous contents (e.g., cytokines,
enzymes, etc.) due to secondary necrosis can be abrogated (Gershov et al., 2000;Takahashi et
al., 2005;Wu et al., 2005). In this way, the downregulatory effects of rmMFG-E8 on TNF-α
and IL-6 may be related to its ability to stimulate the removal of excessive apoptotic cells under
such conditions. Our recent study (Miksa et al., 2008) has shown that MFG-E8-mediated
apoptotic cell phagocytosis results in an inhibition of mitogen-activated protein kinase
(MAPK) and nuclear factor kappa-B (NFκB) signaling pathways. Since MAPK and NF-κB
are pro-inflammatory pathways in macrophages, the inhibition of these pathways may be the
underlining mechanisms of MFG-E8's anti-inflammatory effects.

In the current study, we also found that acute alcohol exposure alone had no major effects on
plasma levels of TNF-α and IL-6 as compared to sham-operation. Sepsis-induced TNF-α and
IL-6 production, on the other hand, was slightly higher in acute alcohol intoxicated rats than
normal rats. The effects of acute alcohol exposure on cytokine production are complicated. A
recent study has shown that acute alcohol attenuates toll like receptors (TLR)-4- but not TLR-2-
induced TNF-α production (Oak et al., 2006). In contrast, acute alcohol augments TNF-α
production when both TLR-2 and TLR-4 ligands were present (Oak et al., 2006). Both TLR-2
and TLR-4 ligands are present in CLP-induced polymicrobial sepsis, which may be responsible
for the slightly higher levels of TNF-α and IL-6 in Alcohol+CLP rats than CLP alone rats.

In summary, the present study has shown that rmMFG-E8 reduces alcohol/sepsis-induced
apoptosis in the spleen, lungs, and liver. In addition, administration of rmMFG-E8 after alcohol
exposure and subsequent sepsis decreases circulating levels of TNF-α and IL-6 and attenuates
organ injury. In our future studies, we will determine the optimal dose(s) of MFG-E8 in treating
alcohol and sepsis. In addition, investigation of delayed administration of MFG-E8 is needed
in order to mimic the clinical situation, where pre-treatment is often impossible.
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Figure 1.
Alterations in MFG-E8 gene expression in the spleen in sham-operated animals (Sham), acute
alcohol intoxicated rats (Alcohol), CLP animals at 5 or 20 h after CLP, and acute alcohol
exposure plus CLP (Alcohol+CLP) animals at 5 or 20 h after CLP. Data are expressed as means
± SE (n=5-7/group) and compared by one-way ANOVA and Student-Newman-Keuls method:
*P<0.05 versus sham-operated animals; #P<0.05 versus Alcohol alone animals; †P<0.05
versus CLP alone animals.
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Figure 2.
The splenic sections were stained with TUNEL (green fluorescent). Photomicrographs of rat
splenic sections from A, sham; B, Alcohol+CLP, and C, Alcohol+CLP+rmMFG-E8; D,
alterations in the numbers of TUNEL-positive cells in the spleen in sham-operated rats and at
20 h after CLP in acute alcohol-intoxicated rats treated by normal saline or rmMFG-E8. Data
are presented as means ± SE (n = 4/group) and compared by one-way ANOVA and Student-
Newman-Keuls Method: *P < 0.05 vs. Sham group; #P < 0.05 vs. Vehicle group. Original
magnification: 200 ×.
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Figure 3.
The pulmonary sections were stained with TUNEL. Photomicrographs of rat pulmonary
sections from A, sham; B, Alcohol+CLP, and C, Alcohol+CLP+rmMFG-E8; D, alterations in
the numbers of TUNEL-positive cells in the lungs in sham-operated rats and at 20 h after CLP
in acute alcohol-intoxicated rats treated by normal saline or rmMFG-E8. Data are presented
as means ± SE (n = 4/group) and compared by one-way ANOVA and Student-Newman-Keuls
Method: *P < 0.05 vs. Sham group; #P < 0.05 vs. Vehicle group. Original magnification: 200
×.
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Figure 4.
The hepatic sections were stained with TUNEL. A, Photomicrographs of rat hepatic sections
from A, sham; B, Alcohol+CLP, and C, Alcohol+CLP+rmMFG-E8; D, alterations in the
numbers of TUNEL-positive cells in the liver in sham-operated rats and at 20 h after CLP in
acute alcohol-intoxicated rats treated by normal saline or rmMFG-E8. Data are presented as
means ± SE (n = 4/group) and compared by one-way ANOVA and Student-Newman-Keuls
Method: *P < 0.05 vs. Sham group; #P < 0.05 vs. Vehicle group. Original magnification: 200
×.
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Figure 5.
Alterations in cleaved caspase-3 in the spleen, lungs and liver in sham-operated rats and at 20
h after CLP in acute alcohol-intoxicated rats treated by normal saline or rmMFG-E8.
Representative gels of 3 independent observations are presented.
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Figure 6.
Alterations in serum levels of TNF-α (A) and IL-6 (B) in sham-operated rats and at 20 h after
CLP in acute alcohol-intoxicated rats treated by normal saline or rmMFG-E8. Data are
presented as means ± SE (n = 6-7/group) and compared by one-way ANOVA and Student-
Newman-Keuls Method: *P < 0.05 vs. Sham group; #P < 0.05 vs. Vehicle group.
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Figure 7.
Alterations in pulmonary levels of myeloperoxidase (MPO) activity in sham-operated rats and
at 20 h after CLP in acute alcohol-intoxicated rats treated by normal saline or rmMFG-E8. Data
are presented as means ± SE (n = 6-7/group) and compared by one-way ANOVA and Student-
Newman-Keuls Method: *P < 0.05 vs. Sham group; #P < 0.05 vs. Vehicle group.
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Figure 8.
Alterations in serum levels of lactate (A) and lactate dehydrogenase (LDH) (B) in sham-
operated rats and at 20 h after CLP in acute alcohol-intoxicated rats treated by normal saline
or rmMFG-E8. Data are presented as means ± SE (n = 6-7/group) and compared by one-way
ANOVA and Student-Newman-Keuls Method: *P < 0.05 vs. Sham group; #P < 0.05 vs.
Vehicle group.
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Table 1
Effects of acute alcohol exposure (Alcohol) on CLP induced organ injury and inflammatory
responses in rats

Sham Alcohol CLP Alcohol+CLP

Lactate (mg/dL) 9.9±1.31 10.8±0.89 22.0±2.26*# 23.3±1.47*#

TNF-α (pg/ml) 5.6±0.23 5.0±1.27 13.7±2.46*# 17.7±1.91*#

IL-6 (pg/ml) 49.6±3.43 47.9±0.96 201.8±45.04*# 242.6±59.81*#

Pulmonary MPO (U/g) 33.6±5.38 98.5±9.70* 136.9±5.41*# 142.3±6.18*#

Data are expressed as means ± SE (n=5-6/group) and compared by one-way ANOVA and Student-Newman-Keuls method:

*
P<0.05 versus sham-operated animals;

#
P<0.05 versus Alcohol alone animals.
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