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Abstract
IL-6 is an inflammatory cytokine known to be elevated in chronic diseases and following insults
such as trauma and infection. While necessary for the development of B cells and Th17 cells, IL-6,
at elevated levels, can also cause tissue damage and lead to a rise in inflammation. Previous work
in our laboratory has shown that IL-6 is increased both systemically as well as in multiple organ
systems including the ileum following ethanol exposure and burn injury. As this combined insult
causes elevated intestinal morphological damage, tight junction protein localization alterations,
and phospho myosin light chain (pMLC) levels, we sought to determine the role of IL-6 in these
intestinal responses using a model of binge ethanol exposure and burn injury. IL-6 antibody
treatment after the combined insult reduced morphological changes in the ileum, bacterial
translocation, and pMLC levels relative to either injury alone. ZO-1 and occludin localization was
also re-established in wild type mice given IL-6 antibody after ethanol and burn. IL-6 knockout
mice given ethanol and burn injury also had reduced intestinal damage; however, no changes in
bacterial translocation or tight junction protein localization were observed as compared to
similarly treated wild type mice. These data suggest that IL-6 may have a role in intestinal tissue
damage observed following the combined insult of binge ethanol exposure and burn injury
although complete loss of IL-6 does not appear to be beneficial in this model. Modulation of IL-6
may present a new option for preventing intestinal damage and associated inflammation following
a combined insult of ethanol exposure and burn injury.
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Introduction
Dysfunction of the intestinal epithelial barrier occurs following numerous insults including
infection, trauma, and disease (1–3). Our laboratory and others have demonstrated that the
combined insult of ethanol exposure and burn injury causes elevated intestinal inflammation
and neutrophil influx (4). Furthermore, this combined insult is also associated with
elevations in intestinal permeability and bacterial translocation, decreased ZO-1 and
occludin localization to tight junctions, and increased phospho myosin light chain (pMLC)
(5, 6). A common molecule found in the serum as well as many tissues of mice exposed to
ethanol and burn injury is the inflammatory cytokine, interleukin (IL) 6 (5).

Important for a variety of cellular responses, IL-6 has a predominant role in the
inflammatory response. Signaling through its receptor, IL-6 receptor-α (IL-6Rα) and gp130,
IL-6 helps mediate the transition from acute to sustained inflammation, induces fever and
acute phase responses following infection, and may contribute to tissue damage in states of
elevated inflammation (7, 8). Tumor necrosis factor-α (TNFα), IL-1β, lipopolysaccharide
(LPS), and viral infections can all induce IL-6 indicating its importance in the immune
response. Many immune cells are known to express IL-6Rα (hepatocytes, neutrophils,
macrophages, T and B cells) (9); however, with the discovery of a soluble form of the IL-6
receptor (10), all cells expressing gp130 are able to respond to IL-6. As most cells express
gp130 on their surfaces, the effect of elevated IL-6 becomes global and allows for the
possibility of tissue injury or damage in various organs of the body.

IL-6 has long been known as an important component of the immune response.
Interestingly, recent work also indicates that IL-6 can also act as a causative or prolonging
agent in disease and other cellular processes. Obesity and insulin resistance, rheumatoid
arthritis, aging and cancer (8) all have symptoms or outcomes associated with elevated
systemic or local levels of IL-6. With relation to the gut, IL-6 provides an anti-apoptotic
signal to CD4+ T cells that aggregate in inflammatory bowel disease allowing for further
inflammation and tissue damage (11). Along with transforming growth factor β (TGF-β),
IL-6 aids in the induction of Th17 cell differentiation (7, 8).

Following acute insults, such as injury or infectious challenge, serum levels of IL-6 are
elevated (1, 19). In particular, burn injury-induced mortality often correlates with increased
IL-6 levels (12). Mouse models of burn injury cause elevated levels of IL-6 in the ileum (2)
and when mice are exposed to a combined insult of binge ethanol and burn injury, IL-6
levels in the ileum are further increased (5, 13). Knockout or inhibition of IL-6 had
previously been described as effective in the prevention of intestinal morphological damage
and permeability in animal models of splanchnic arterial occlusion and reperfusion, sepsis,
and hemorrhagic shock and resuscitation (14–16). These data suggest that IL-6 has a role in
causing or perpetuating intestinal responses following injury. With the knowledge that IL-6
is elevated both systemically and at the tissue level following exposure to either ethanol or
burn injury alone as well as the combined insult (13, 17), we sought to determine if IL-6
promotes the intestinal inflammation and barrier dysfunction observed after the combined
insult of ethanol exposure and burn injury.

Materials & Methods
Mice

Wild type (C57BL/6) and IL-6 knockout (B6.129S2-7 IL6(tm1Kopf)/J) mice (6–7 week
old,) were purchased from Jackson Laboratories (Bar Harbor, ME). Mice were housed in
sterile microisolator cages in the Loyola University Health Sciences Division Comparative
Medicine facility until 8–10 weeks of age (23–25 grams). All experiments were conducted
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in accordance to National Institutes of Health guidelines and were approved by the Loyola
Institutional Animal Care and Use Committee.

Murine Model of Ethanol and Burn Injury
A murine model of a binge ethanol exposure and burn injury was performed as described
previously (18) with minor modifications (19). Briefly, mice were given a single dose of
1.11 g/kg of 20% (v/v) ethanol solution intraperitoneally that resulted in a blood ethanol
level of 150–180 mg/dl at 30 minutes. The mice were then anesthetized with 100 mg/kg of
Ketamine and 10 mg/kg of Xylazine (Webster Veterinary, Sterling, MA), their dorsum
shaved, and placed in a plastic template exposing 15% of the total body surface area (TBSA)
and subjected to a scald injury in 90–92° C water bath or a sham injury in room-temperature
water. The scald injury resulted in an insensate, full-thickness burn injury (20). Mice
received 1 mL of saline resuscitation and their cages were placed on warming pads until
they recovered from anesthesia. At 30 minutes after injury, mice were given either rat IgG or
rat anti mouse IL-6 antibody (eBioscience, 5 ug/mouse), a dose previously determined to
relieve IL-6 mediated immunosuppression (21). As no differences were found between IgG
and anti-IL-6 treatment in the sham groups and burn vehicle group, only mice given ethanol
and burn injury plus anti-IL-6 are shown in the results section. All graphs displaying the
burn ethanol + anti IL-6 group refer to mice receiving the 5 ug/mouse dose of antibody after
the combined insult, with the exception of Figure 1A where the two IL-6 antibody doses are
clearly defined. All other groups are treatment plus IgG. Mice were sacrificed by CO2
narcosis followed by cervical dislocation at 3 and 24 hours following injury.

Histopathologic and immunofluorescent examination of the ileum
At the time of sacrifice, the ileum was harvested and fixed overnight in 10% formalin.
Samples were then embedded in paraffin, sectioned at 5 microns, and stained with
hematoxylin and eosin (H&E). Images were taken at 200×. Immunofluorescent staining was
done as previously described (3) with minor modifications. Briefly, a small section of ileum
(5 mm) was embedded in OCT and frozen for immunofluorescent staining. The ileum was
sectioned (8 microns) and stained with either rabbit anti-ZO-1 or rabbit anti-occludin
(Invitrogen, Carlsbad, CA) followed by goat anti-rabbit Alexa 488 (Invitrogen, Carlsbad,
CA). Sections were further stained with fluorescent-conjugated phalloidin (actin) and
Hoechst nuclear stain (Invitrogen, Carlsbad, CA). Using Zeiss software (Zeiss LSM 510
Version 4.2 SP1), a 20 epithelial cell section (crypt or villus) was outlined and only within
this outlined section were the number of co-localized (both red and green fluorescence)
pixels determined. The number of co-localized pixels was divided by the total number of
pixels in that section and expressed as a percentage. This process was repeated an additional
4 epithelial cell sections per animal leading to 100 total epithelial cells examined for each
animal. Results were averaged for each animal and this average was then used to determine
the group average.

Bacterial translocation
Bacterial translocation was assessed as previously described with minor modifications (6).
Briefly, 5–6 mesenteric lymph nodes (MLN) per mouse were removed, placed in cold RPMI
(with 5% fetal bovine serum) and kept on ice. Nodes were separated from connective tissue
and homogenized in RPMI using frosted glass slides. Homogenates were plated in triplicate
on tryptic soy agar (TSA) plates and placed in a 37°C incubator overnight. Colonies were
counted the following day, averaged, and divided by the total number of lymph nodes
harvested.
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Intestinal epithelial cell isolation and western blotting
Intestinal epithelial cells were isolated as previously described (3) with minor modifications.
Briefly, ileum sections were opened lengthwise, washed with calcium and magnesium free
Hanks Basic Salt solution (HBSS), and placed in tubes containing 10 mM DTT and
phosphatase inhibitor cocktail in HBSS. Samples were placed at 4°C for 30 minutes, after
which tubes were shaken briefly and ileum sections moved to tubes containing 1 mM EDTA
and protease inhibitor cocktail in HBSS for 1 hour at 4°C. After incubation, tubes were
shaken robustly and large pieces of tissue removed. Samples were centrifuged at 1000 g for
10 minutes and the supernatant discarded. Pelleted cells were lysed in 100 uL of Cell Lysis
Buffer according to manufacturer’s protocol (BioRad, Hercules, CA). Twenty micrograms
of whole cell lysate protein was boiled for 5 minutes, separated by sodium dodecyl sulfate
polyacrylamide gel electrophoresis (SDS-PAGE), transferred to polyvinylidene fluoride
(PVDF) membranes and blotted with primary antibodies specific for phosphorylated myosin
light chain (pMLC Ser19, Cell Signaling Technology, Danvers, MA), total MLCK (Abcam,
Cambridge, MA), and villin-1 (Cell Signaling Technology).

Cytokine determination in the ileum
Two one-inch sections of ileum were removed, luminal contents removed, and homogenized
in 1 mL of Cell Lysis Buffer according to manufacturer’s protocol (BioRad, Hercules, CA).
Homogenates were then filtered and analyzed for IL-6 levels using ELISA (BD Biosciences,
San Diego CA). The results were normalized to total protein present in the homogenate
using the BioRad protein assay based on the methods of Bradford (5) (BioRad, Hercules,
CA).

Statistical Analysis
Statistical comparisons (GraphPad Instat and Prism) were made between the sham vehicle,
sham ethanol, burn vehicle, and burn ethanol treatment groups, resulting in 4 total groups
analyzed. One-way analysis of variance was used to determine differences between
treatment responses, and Tukey’s post-hoc test once significance was achieved (p < 0.05).
Statistical comparisons made between the burn ethanol and burn ethanol plus anti-IL-6
treatment groups were done using student’s t-test and Tukey’s post-hoc test (p<0.05).
Comparisons made between wild type and knockout in the same treatment group (i.e. burn
ethanol) were done using two-way ANOVA and Bonferroni’s post-hoc test (p<0.05). All
statistical analyses were done within the individual time point.

Results
Lower IL-6 levels following anti-IL-6 antibody treatment

Previous work from our laboratory indicates that IL-6 is increased both systemically and in
the lung and ileum following ethanol exposure and burn injury (5, 13, 17, 22). Consistent
with these observations, we found higher IL-6 levels in both the serum and ileum of mice
exposed to the combined insult (650 ± 150 pg/mL, 35 ± 5 pg/mg protein, Figure 1A, B).
However, following IL-6 neutralizing antibody treatment, IL-6 was not significantly
decreased in the serum or ileum (400 ± 20 pg/mL, 20 ± 7 pg/mg protein), but this was not
expected as antibody treatment was only administered once following insult. A 15 ug/mouse
antibody dose was also utilized in our combined injury model, but it did not reduce serum
IL-6 levels any further than the 5 ug/mouse dose (Figure 1A) and had no reparative effect in
our model of ethanol exposure and burn injury. For these reasons, the higher antibody dose
was not used in any further experiments. IL-6 knockout animals had no measureable levels
of IL-6 in serum, ileum, lung or liver (data not shown). Our laboratory has recently observed
that these models reduce levels of phospho-signal transducer and activator of transcription 3

Zahs et al. Page 4

Shock. Author manuscript; available in PMC 2014 April 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



(pSTAT3) levels indicating that IL-6 signaling has been reduced (data submitted for
publication). Furthermore, as previously described (5), IL-1β and TNF-α were not elevated
in the ileum following the combined insult of ethanol and burn injury, and IL-6 antibody
treatment did not affect these levels (data not shown). This suggests that antibody treatment
is not causing non-specific effects or a compensatory inflammatory response.

IL-6 antibody treatment reduces pMLC levels in intestinal epithelial cells
Our laboratory has recently described a role for myosin light chain kinase activity in
intestinal responses following ethanol exposure and burn injury (5). To determine if
inhibition of IL-6 affects MLCK activity, we measured phosphorylation (Ser 19) of myosin
light chain (pMLC) in isolated intestinal epithelial cells. Treatment with an IL-6 neutralizing
antibody reduced pMLC levels by nearly 70% 3 hours after exposure to the combined insult
as compared to mice not receiving antibody treatment after exposure to ethanol and burn
injury (Figure 2A). At 24 hours post antibody treatment, pMLC was still reduced in mice
exposed to the combined insult as compared to mice not receiving antibody; however, this
difference was no longer significant (data not shown). Interestingly, at 24 hours post insult
mice deficient in IL-6 had no change in pMLC following any of the treatments (Figure 2 E,
F). As these samples were not run on the same gels, no statistical analyses between wild
type and IL-6 knockout mice were done. Due to this result and subsequent outcomes to be
described in upcoming sections, westerns were not completed at the 3 hour time point in
IL-6 deficient mice.

Antibody treatment prevents tissue and tight junction protein alterations
As found previously (5), mice given ethanol and burn injury had visually shorter and wider
villi along with an elevation in intestinal epithelial cell damage as compared to sham treated
animals (only sham ethanol shown). IL-6 knockout or wild type mice given an IL-6
neutralizing antibody had little to no intestinal morphological damage following exposure to
the combined insult. Villi were taller and narrower in ethanol-exposed and burn-injured IL-6
knockout or antibody-treated wild type mice in contrast to burn ethanol wild type mice not
treated with anti-IL-6 antibody (Figure 3).

Greater damage to intestinal epithelial cells correlated with a reduction in tight junction
protein co-localization with actin. Specifically, we found that mice given ethanol and burn
injury had a significantly less zonula occludens protein-1 (ZO-1) (88%, p<0.05) and
occludin (83%, p<0.05) at tight junctions (Figure 4) when compared to mice exposed to
sham injury (Figure 4G). Despite the resolution of intestinal morphological damage
observed, IL-6 knockout mice exposed to ethanol and burn injury had similar localization
patterns of ZO-1 as wild type mice given the combined insult. Interestingly, occludin
localization was restored in ethanol-exposed and burn-injured knockout mice (Figure 4H),
but this reestablishment was not nearly as effective as antibody treatment. Treatment of wild
type mice given ethanol and burn injury with an IL-6 neutralizing antibody promotes
maintenance of ZO-1 and occludin localization with actin (Figure 4B, E). These data suggest
that inhibition, but not life-long deficiency, of IL-6 is protective of intact tight junctions
within the intestinal epithelial cell layer of mice exposed to ethanol and burn injury.

Reduced bacterial translocation following antibody treatment
Alterations in tight junction protein localization affect the integrity and function of the
intestinal epithelial cell barrier. As observed previously in our model (5), mice exposed to
ethanol and burn injury have significantly greater bacterial translocation to the mesenteric
lymph nodes (MLN) as compared to mice receiving either insult alone (5, Figure 5A). Anti-
IL-6 antibody treatment decreased bacterial translocation by 50% (p<0.05) when compared
to mice not receiving antibody after the combined insult (Figure 5A). In contrast to antibody
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treated mice, knockout of IL-6 had no effect on bacteria accumulating in the MLN and
ethanol-exposed and burn-injured knockout mice actually had an increase in bacterial
translocation (Figure 5B). This increase in bacteria in the MLN of knockout mice exposed to
the combined insult is associated with decreases in ZO-1 and occludin localization at tight
junctions as seen in Figure 4. These data indicate that while IL-6 may have a role in the
intestinal epithelial damage, loss of tight junction integrity, and rise in bacterial translocation
following ethanol exposure and burn injury, complete loss of IL-6 is perhaps more harmful
than beneficial.

Discussion
IL-6 is a multi-functional cytokine capable of promoting both beneficial and detrimental
outcomes depending on the level of IL-6. At elevated levels, as seen in inflammatory bowel
disease and rheumatoid arthritis, IL-6 is known to perpetuate the inflammatory state and
tissue destruction of these diseases partially through the induction of Th17 cells (11).
Previous work indicates that increased systemic IL-6 observed following sepsis and burn
injury leads to cellular immunosuppression (22) and our laboratory has demonstrated that
ethanol exposure combined with burn injury causes even further cellular
immunosuppression thus allowing for increased susceptibility to infection (17). A minimal
amount of IL-6 is required for normal cellular functions like the development of B and Th17
cells (8); however, it is the sustained elevation in systemic and tissue levels of IL-6 that can
cause tissue injury, increased inflammation, and delayed resolution of the immune response
following insult (3, 7, 12). In the gut, intestinal epithelial cells have been shown to produce
IL-6 in response to cytokine and TLR4 signaling induced by infection, disease, or injury (8).
As seen in Figure 1, the combined insult of ethanol exposure and burn injury leads to
significant increase in both serum and ileum levels of IL-6. IL-6 has been associated with
permeability in models of ethanol exposure or burn injury alone (2, 23). Other studies
indicate that elevations in IL-6 are linked to mucosal permeability in both rodents and
humans (24, 25). Additionally, using Caco-2 cells as a model of the intestinal epithelial cell
barrier, work by Suzuki and colleagues suggests that IL-6 increases tight junction
permeability via an increase in expression of the leaky tight junction protein, claudin-2 (26).
Combined, these studies indicate the importance of controlled IL-6 signaling in the intestine
both in a healthy individual and following insult.

The role of IL-6 in tissue injury is dependent on the type of injury, the specific tissue, and
the level of IL-6. IL-6 treatment was found to be protective of ischemia/reperfusion injury in
a fatty liver (27) and in ethanol-induced hepatocyte oxidative stress and mitochondral
dysfunction (28). Interestingly, IL-6 has also been described to up-regulate keratins in the
intestinal epithelial cell barrier in a dodecyl sodium sulfate (DSS)-induced barrier
dysfunction model (29). This up-regulation of keratins protected barrier function suggesting
that in situations of intestinal barrier compromise, IL-6 may be necessary for maintenance of
the intestinal epithelial cells. The work of Wang et al. may provide a possible explanation
for why our IL-6 knockout mice exposed to ethanol and burn had patterns of localization
similar to comparably treated wild type mice (Figure 2).

In contrast to the above studies, IL-6 has also been shown to be necessary for intestinal
barrier dysfunction in a model of hemorrhagic shock and resuscitation (14). Knockout of
IL-6 led to decreased intestinal permeability following induction of sepsis (15) and reduced
ileal morphological injury, neutrophil infiltration into the intestine and serum levels of pro-
inflammatory cytokines in a model of splanchnic artery occlusion (16). Interestingly, data
presented in this paper suggest that knockout of IL-6 is not protective of intestinal barrier
function but does prevent morphological damage induced by the combined insult of ethanol
exposure and burn injury (Figures 2 & 3). IL-6 knockout mice subjected to hind limb
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ischemia or hemorrhage also did not have a reduction in bacterial translocation (30), further
indicative that IL-6 may play different roles at different time points in tissue inflammation
and injury depending on the nature of the insult. We have demonstrated that IL-6 levels
begin to rise early after ethanol exposure and burn injury (5), and IL-6 levels at 6 hours post
injury have been shown to predict mortality (31) suggesting that the levels of IL-6, as well
as the time point at which is elevated, are important factors in the response to insult. To
investigate these possibilities, animals exposed to the combined insult could be sacrificed at
earlier time points and ileum could be examined for apoptosis markers or markers of mitosis
or proliferation. These studies could be combined with our current model using a
neutralizing IL-6 antibody to determine what level of IL-6 is necessary for proper ileum
repair following the insult of ethanol and burn injury and at what time this repair may be
occurring. We recognize that a limitation of our study is that IL-6 knockout studies have not
been conducted at earlier time points; however, these studies may be conducted in the
future.

IL-6 signaling causes numerous responses depending on the cell type. Known to signal
through STAT3 and induce transcription of genes, stimulation through IL-6 also leads to
activation of the phosphatidyl-inositol 3 kinase (PI3K)/Akt pathway. Signaling through the
PI3K/Akt pathway is usually associated with being anti-apoptotic. Furthermore, IL-6
activation induces the mitogen activated protein kinase (MAPK) cascade, specifically
ERK1/2 (extracellular signal-related kinase), a pathway associated with cell survival. While
numerous stimuli activate the MAPK and PI3K/Akt pathways IL-6 deficiency may be a
compounding factor in detrimental intestinal responses observed following ethanol exposure
and burn injury. Grivennikov and colleagues found decreased intestinal epithelial cell
survival and crypt cell proliferation in dextran sodium sulfate (DSS)-treated IL-6 knockout
mice as compared to similarly treated wild type mice (32). This further supports the idea that
IL-6 is important for IEC survival and maintenance at the time of injury.

Tight junction proteins are often disrupted in the intestinal barrier following many insults
including trauma, disease, and infection (1–3). These insults also lead to elevated IL-6
levels; however, the majority of studies have examined other cytokines, such as tumor
necrosis factor α (TNFα) and IL-1β, in tight junction protein regulation. IL-6 treatment of
HUVECs (human umbilical vein endothelial cells) led to an elevation in monolayer
permeability and alterations in ZO-1 localization. Using a PKCα (protein kinase C) and
PKCβ inhibitor in conjunction with IL-6 partially restored barrier function of the HUVECs
(33). This result is similar to our ethanol-exposed and burn-injured mice given an IL-6
antibody (Figures 2 & 3); however, when no IL-6 was present the therapeutic effect was lost
suggesting that some IL-6 is necessary for proper tight junctions in the IEC barrier. In a
model of reflux esophagitis, Li and colleagues found that IL-6 was elevated in infiltrating
inflammatory cells (34). This elevation in IL-6 corresponded with a rise in claudin-1,
occludin and ZO-1 in surrounding epithelial cells; however, newly synthesized tight junction
proteins failed to organize at the plasma membrane. Furthermore, production of junction
proteins was not enough to repair lesions induced in the model. Whether IL-6 affects tight
junction protein localization directly or indirectly is not clear from these studies, but it does
insinuate that IL-6 has an effect on tight junction protein production and possibly
localization.

Pro-inflammatory cytokines, in particular TNFα, have been shown to induce barrier
dysfunction in models of IBD as well as traumatic injury (2). TNFα, as well as LIGHT, are
known enhancers of MLCK transcription and activation (35). Interestingly, we found that
anti-IL-6 antibody treatment led to less pMLC (Figure 3) following ethanol exposure and
burn injury. Few other studies have examined IL-6’s role in MLCK signaling, but Suzuki et
al. discovered that IL-6 treatment had no effect on pMLC in a Caco-2 cell culture model
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(26) although barrier function of this monolayer was decreased. While this would advocate
for IL-6-induced barrier function not being MLCK-dependent, this work was done in cell
culture indicating that other cells may be necessary for an effect. Current research in our
laboratory is examining whether IL-6 does have a direct effect on MLCK activity.
Preliminary experiments will examine changes in Src kinase activation, an enzyme
downstream of IL-6 signaling and known to enhance MLCK activity.

Our data indicate that an elevation in serum and ileum levels of IL-6 may have a role in
intestinal epithelial cell barrier alterations following ethanol exposure and burn injury. When
IL-6 was inhibited with a neutralizing antibody bacterial translocation was reduced and
greater ZO-1 and occludin localized to the tight junction. These results were accompanied
by reduced pMLC in intestinal epithelial cells. IL-6 knockout mice exposed to ethanol and
burn had similar intestinal damage and tight junction protein alterations as observed in
similarly treated wild type mice. These data suggest that complete loss of IL-6 may be as
detrimental as high levels of IL-6. These results indicate that dampening IL-6, but not
complete loss of it, may be important for allowing the gut to repair itself following the
combined insult without causing significant damage.
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Figure 1.
IL-6 antibody treatment reduces IL-6 in serum (A) and ileum (B) 24 hours following ethanol
and burn. Levels of IL-6 were quantified by ELISA. Cytokine concentrations in ileum were
normalized to total protein in the sample as determined by BioRad protein assay and all
levels are presented as concentration ± SEM. *p<0.05 versus all groups except antibody
treated. n = 4–6 per group.
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Figure 2.
Anti-IL-6 antibody treatment reduces pMLC (Ser19) in intestinal epithelial cells 3 hours
following ethanol exposure and burn injury. Isolated intestinal epithelial cells were lysed
and analyzed by western blot for levels of pMLC (A) 3 hours and 24 hours (C, D) wild type
(A–D) and IL-6 knockout mice (E–F). Quantification (B, D, F) of pMLC levels was
normalized to villin-1 levels and done using BioRad Image Lab software. Images are
representative of 3 experiments, *p<0.05 versus antibody treated group. #p<0.05 versus wild
type sham groups. Quantification is of n = 4–6 per group.
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Figure 3.
Treatment with anti-IL-6 preserves morphology 24 hours after ethanol exposure and burn
injury. Ileum sections from wild type, antibody treated, and IL-6 knockout mice were
stained with hematoxylin and eosin (A–C) and then examined for degree of inflammation
and damage. Notice the shorter and wider villi in mice exposed to the combined insult (B) as
compared to sham animals (A). Gaps between epithelial cells can be observed in mice
exposed to ethanol and burn but these changes are not observed in sham wild type mice
given anti IL-6 antibody following the combined insult (C) or ethanol-exposed and burn-
injured IL-6 knockout mice (D). Representative H&E images taken at 200×. n = 4–6 per
group.
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Figure 4.
Tight junction protein localization maintained following anti-IL-6 treatment in combined
injury animals at 24 hours post insult. Frozen ileum sections were stained with antibodies
against ZO-1 (green, A–C) or occludin (green, D–F) as well as phalloidin (red) and nuclei
(blue). Representative immunofluorescent images taken at 400×. Immunofluorescent images
were analyzed for co-localization of ZO-1 or occludin with actin (G,H). Co-localization is
presented as % colocalized pixels/100 epithelial cells. *p<0.05 versus wild type sham
vehicle, sham ethanol and antibody treated groups. #p<0.05 versus wild type sham vehicle
and sham ethanol. @p<0.05 versus knockout burn ethanol and antibody treated groups. n =
4–6 per group.
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Figure 5.
Decreased bacterial translocation to mesenteric lymph 24 hours following antibody
treatment in mice exposed to ethanol and burn injury. Mesenteric lymph nodes were isolated
from antibody-treated mice (A) and knockout mice (B) at 24 hours following insult. Lymph
nodes were homogenized and plated on tryptic soy agar plates. Colonies were counted the
next day and normalized on the total number of lymph nodes removed from each mouse.
Levels presented as CFU/MLN ± SEM. *p<0.05 versus all other groups. #p<0.05 versus all
other wild type groups. @p<0.05 versus all other wild type groups and knockout burn
ethanol. n= 6–8 per group.
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