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Abstract

Large surface area burn injuries lead to activation of the innate immune system, which can be
blocked by parasympathetic inputs mediated by the vagus nerve. We hypothesized that vagal
nerve stimulation (VNS) would alter the inflammatory response of peritoneal macrophages after
severe burn injury. Male BALB/c mice underwent right cervical VNS prior to 30% total body
surface area steam burn and were compared to animals subjected to burn alone. Peritoneal
macrophages were harvested at several time points following injury and exposed to
lipopolysaccharide (LPS) in culture conditions. The inflammatory response of peritoneal
macrophages was measured by analyzing changes in NF-xB p65 €236 phosphorylation using
flow cytometry. We found that peritoneal macrophages isolated from mice subjected to burn
injury were hyper-responsive to LPS challenge, suggesting burn-induced macrophage activation.
We identified a protective role for VNS in blocking peritoneal macrophage activation. Analysis of
the phosphorylation state of NF-xB pathway mediator, p65 Rel A, revealed a VNS-mediated
reduction in p65 S€r36 phosphorylation levels after exposure to LPS compared to burn alone. In
combination, these studies suggest VNS mediates the inflammatory response in peritoneal
macrophages by affecting the set-point of LPS-responsiveness.
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INTRODUCTION

Severe injury leads to activation of the innate immune system resulting in the up-regulation
of genes involved in the systemic inflammatory response, while simultaneously suppressing
genes involved in adaptive immunity(1). Clinically, changes in leukocyte phenotype after
severe cutaneous burn can lead to innate immune dysfunction predisposing patients to
infections, sepsis, and increased morbidity and mortality during recovery from injury(2).
Macrophages are primary mediators of the innate immune response to injury with the
plasticity to respond to and express cytokines affecting both initiation and resolution of the
tissue injury(3).
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Macrophages mediate the innate immune response through production of pro-inflammatory
cytokines, which is regulated by transcription factors including nuclear factor kappa-B (NF-
xB). NF-xB is a heterodimeric protein bound in the cytosol in its inactive state under normal
conditions. When activated by injury or an inflammatory insult, NF-xB is released by its
inhibitory complex and the p65 Rel A subunit translocates to the nucleus where it activates
the transcription of pro-inflammatory mediators. Macrophage function is altered after injury
with increased responsiveness to subsequent insults as characterized by increased cytokine
production(4). While the capacity for burn injury to activate and “prime” various
lymphocyte populations has been described, strategies to moderate this injury response are
less well understood (5, 6).

Recent studies have identified the potential for the parasympathetic nervous system to
regulate the inflammatory response(7). Vagal nerve stimulation (VNS) has been utilized in
models of endotoxemia and injury to demonstrate the anti-inflammatory potential of the
parasympathetic nervous system(8). VNS has been shown to decrease the production of pro-
inflammatory cytokines from splenic macrophages in an animal model of endotoxemia.
Further studies have shown that the anti-inflammatory effects of VNS are lost in
splenectomized animals, further defining the importance of the spleen in mediating the
ability of VNS to attenuate systemic inflammation(9).

We, and others, have focused on burn injury as a pathophysiologically relevant model to
examine the local and systemic inflammatory response. We have studied the ability of VNS
to limit gut barrier injury and intestinal inflammation through a spleen-independent
mechanism, with data suggesting that the protective effects of VNS may be signaled via the
enteric nervous system(10). As VNS is well known to modulate the response of
inflammatory cells to injury, we considered the capacity for burn injury to affect peritoneal
immune cell homeostasis, with a focus on resident peritoneal macrophages. Here, we
hypothesize that VNS would alter the inflammatory set-point of peritoneal macrophages and
limit their response to a secondary inflammatory insult after severe burn injury.

MATERIALS AND METHODS

Materials

Mice were obtained from Jackson Laboratories (Sacramento, CA). Phosphorylated NF-xB
p65 Ser336 rapbit monoclonal antibody (PE conjugate) was obtained from Cell Signaling
Technology (Danvers, MA). Anti-F4/80 and Gr-1 antibody conjugated to PE or FITC were
purchased from AbD Serotech (Raleigh, NC) and BD Biosciences (San Jose, CA). Cytofix
and FACS incubation buffer were purchased from BD Biosciences (San Jose, CA).
Lipopolysaccharide O111:B4 was obtained from Sigma Aldrich (St. Louis, MO).

Burn Injury Model

Male BALB/c mice weighing 24-28 g were anesthetized with 3% inhaled isoflurane. A
cohort of animals (n = 5-6 animals) was subjected to a 30% total body surface area (TBSA)
steam burn for 7 seconds creating a full thickness injury as previously described (11). All
mice received a subcutaneous injection of 1.4 ml 0.9% saline solution containing 0.1ml of
buprenorphine (12ug/ml) for pain control and fluid resuscitation in an area of uninjured skin.
Following burn, animals were returned to their cages to recover and were allowed access to
food and water as libitum. All animal experiments were approved by the University of
California Animal Subjects Committee and were conducted in accordance with guidelines
established by the National Institutes for Health.
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Vagal Nerve Stimulation

A cohort of animals underwent right cervical neck incision followed by right cervical vagal
nerve stimulation immediately prior to thermal insult (n = 5-6 animals). Stimulation of the
vagus nerve was performed using a VariStim I11 probel (Medtronic Xomed, Jacksonville,
FL) at 2mA, intermittently for 10 minutes. Following nerve stimulation, the incision was
closed with interrupted silk suture. Sham animals underwent right cervical incision and
exposure of the vagus nerve, but did not receive electrical stimulation.

Isolation of Peritoneal Macrophages

Peritoneal macrophages were harvested 4 hours after injury using an established protocol
(12). Briefly, the ventral skin was sanitized with 70% ethanol solution. The ventral skin was
removed leaving the abdominal wall intact. A 5 ml ice-cold injection of 3% fetal bovine
serum (FBS) in 1X phosphate buffered saline (PBS) was instilled into the abdomen. The
abdomen was gently massaged and the 3% FBS removed with a sterile syringe with a 25 g
needle and placed into a conical tube on ice. The samples were considered unusable if at any
time there was bleeding from the abdominal wall or organs to contaminate the 3% FBS
solution.

In vitro cytokine expression following burn injury

Peritoneal cells were collected 4 hours following burn injury or from sham animals as
described above. Cells were plated and incubated for two hours in complete RPMI (10%
FBS, 5ml pen/step) at 37°C for two hours. They were washed with PBS to purify the
macrophage population and incubated again for 5 minutes with PBS or LPS (10ng/ml in
PBS). To remove the LPS, cells were again washed with PBS. Peritoneal macrophages were
scraped from the culture plate and centrifuged to obtain a cell pellet. The pellet was snap
frozen for PCR.

Reverse transcription PCR

Cells were snap frozen in liquid nitrogen and stored at —80°C immediately after collection.
RNA was extracted from cells and purified using the RNeasy mini kit (Qiagen Cat. No.
74104). Reverse transcription was performed (n=6 animals per group) with the Bio Rad
iScript cDNA synthesis kit (Cat. No. 170-8891). Reverse transcription quantitative PCR
reactions were run with Qiagen SYBR Green Master Mix (Qiagen Lot. N0.204143) for 40
cycles on a Bio-Rad iQ5 real-time PCR detection system. Reactions were run at 95°C for 15
minutes, then cycled at 95°C for 15 s, 55°C for 30 s, 72°C for 30 s according to Quantitect
Primer assay 2 step RT-PCR (www.giagen.com/HB/Primerassay). A melt curve was
obtained to ensure that only a single species was amplified for each primer set. The TNF-a
(Cat. No. QT00104006), IL-6 (Cat. N0.QT00098875) and GAPDH primers (Cat. No.
QT01658692) were Quantitect brand primers obtained from Qiagen. Samples were
normalized against GAPDH and relative expression levels were calculated by the AACt
method(13).

Flow Cytometry for Phosphorylated NF-kB p65Rel A

We used the power of flow cytometry to identify changes in NF-xB p65 Rel A signaling
specifically in macrophages not otherwise isolated from the heterogenous population of
peritoneal cells(14-16). Cells isolated from the peritoneum of mice were placed on ice ina
conical tube and pelleted by centrifugation for 5 minutes. The supernatant was aspirated and
the cells resuspended in PBS. LPS was added to the solution for a final concentration of 10
ng/ml and allowed to incubate for 5, 10 or 30 minutes at 37°C. The cells were then washed
with PBS. Cytofix (500ul) was added and cells incubated for 10 minutes on ice. The cells
were permeabilized for 30 minutes by adding ice-cold 100% methanol to the fixation
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solution for a concentration of 90% methanol. After permeabilization, the cells were pelleted
followed by 2 washes with FACS incubation buffer (PBS and 0.02% BSA). The cells were
resuspended in 100ul FACS incubation buffer in each tube for 10 minutes. Blocking
solution and anti-phospho-p65 Rel A (p65 Rel A) antibody was added to a final
concentration of 1:100 and incubated at room temperature for 1 hour. The cells were washed
twice and resuspended in 500ul of PBS for flow cytometry. Cells were analyzed using a
Becton Dickinson FACS Calibur where we gated on the viable, F4/80+ peritoneal
macrophages and detected the P-p65 Rel A activity of cells as previously described(17, 18).

Statistical Analysis

ANOVA with Student-Newman-Keuls post hoc analysis or Student’s t-test was performed
when appropriate. Statistical significance was determined based on a p-value <0.05.

RESULTS

Peritoneal macrophages from burn injured animals demonstrate increased TNF-a and IL-6
expression

To determine whether peritoneal macrophages from burned animals express increased levels
of cytokines, we collected and plated peritoneal cells from animals 4 hours (h) following
injury. We then washed the plated cells to purify the macrophage population and subjected
macrophages to PCR for TNF-a and IL-6. We observed a 16-fold increase in expression of
TNF-a (p=0.03) and a 9-fold increase in IL-6 (p<0.001) expression in macrophages
harvested from burn animals compared to sham (Figure 1).

Cutaneous Burn Leads to Early Increased Activation of the NF-kB Pathway

To determine whether burn injury increases the inflammatory response of peritoneal
macrophages, we isolated peritoneal cells at 4 hours after burn injury. We then subjected
these cells to LPS as a model for a second injury and assessed the phosphorylation of p65
Rel A (P-p65). Harvested peritoneal cells from animals following burn injury were
compared to cells from sham animals (Figure 2 A-D and G). Sham animals demonstrated no
significant difference in P-p65 Rel A when compared to sham animals exposed to 10 ng/ml
of LPS (1.00 + 0.10 vs. 1.18 + 0.08; p=0.11). Similarly, there was no significant difference
in the response to LPS by peritoneal macrophages from sham animals and 4h burn animals
that were not exposed to LPS (1.00 £ 0.10 vs. 1.06 £ 0.12; p=0.38). This would suggest that
burn alone has little effect on activation of the NF-xB pathway within peritoneal
macrophages. Peritoneal macrophages harvested from 4h burn animals that were exposed to
LPS demonstrated a significant increase in P-p65 Rel A compare to burn alone (1.06 + 0.12
vs. 1.94 + 0.23; p<0.001). This difference in NF-xB pathway activation suggests that burn
injury has the ability to increase the inflammatory responsiveness of peritoneal macrophages
after exposure to a second inflammatory insult.

To further define the kinetics of NF-xB pathway activation we examined P-p65 Rel A levels
at subsequent time-points after burn injury (Figure 2 E-G). After analysis of LPS stimulated
peritoneal macrophages harvested from animals at 12 and 24 hours, we found that P-p65 Rel
A levels were highest 4 hours following burn injury. Assessment of peritoneal macrophages
harvested 12 hours post-burn injury followed by LPS exposure demonstrated P-p65
expression similar to LPS stimulated sham (0.94 + 0.13 vs. 1.17 + 0.05; p=0.13), but were
decreased compared to the 4 hour time-point with LPS exposure (0.94 + 0.13 vs. 1.94 +
0.23; p<0.001). When animals were allowed to recover for 24 hours post-burn injury, there
was a reduction in P-p65 Rel A to levels lower than sham burn injury (0.67 + 0.05 vs. 1.00 +
0.10; p<0.001). This observation suggested that the inflammatory responsiveness of
peritoneal macrophages occurred at 4 hours post-burn injury, and then decreased to a level
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below baseline at 24 hours following burn injury. These results indicate that peritoneal
macrophages have the capacity to resolve burn-induced inflammatory hyper-responsiveness
by 24 hours after injury, which correlates with our previous data showing that burn-induced
changes in gut barrier integrity and histologic gut injury resolve by 24 hours post-burn
injury(19).

Kinetics of ex vivo LPS stimulation in harvested peritoneal macrophages

To determine the optimal time point for ex vivo LPS stimulation we subjected peritoneal
cells from sham and burn injured mice to LPS stimulation for 5, 10 or 30 minutes (Figure 3).
We found that LPS stimulation did not cause significant increases in NF-xB signaling in
sham animals after 5, 10, or 30 minutes. However, LPS stimulation of macrophages from
burn injured animals for 5 minutes increased P-p65 Rel A (p<0.001). Stimulation of
harvested peritoneal macrophages for 10 or 30 minutes resulted in P-p65 RelA levels similar
to sham. These findings, demonstrating an initial rise and subsequent fall in P-p65 with
increasing time of LPS stimulation, are consistent with findings in other models of
stimulation(17).

VNS decreases NF-KB activation in sham animals

Based on our previous studies showing that VNS-mediated protection of the gut in the burn
model is independent of the spleen(20), we considered that resident macrophages of the
peritoneum may be affected by VNS. Due to the significant anti-inflammatory effects of
VNS, we considered the capacity of the vagus nerve to alter the inflammatory
responsiveness of peritoneal macrophages in the uninjured animal. We harvested peritoneal
macrophages from sham animals 4 hours following VNS and measured changes in P-p65
Rel A levels in the absence of LPS. There was a decrease in baseline P-p65 Rel A levels in
sham animals undergoing VNS compared to sham (p<0.005) (Figure 4A and C). These
results suggest that VNS alters baseline activation of the NF-xB pathway and may represent
the ability of VNS to alter the inflammatory set-point of immune cells.

VNS Negates Macrophage Hyper-responsiveness following Burn Injury

To investigate whether VNS treatment prior to burn injury might attenuate burn induced
macrophage hyper-responsiveness we subjected mice to VNS followed by 30% TBSA burn
injury and examined the effect of VNS on the activation of the NF-xB pathway using P-p65
Rel A (Figure 4B and C). As in previous experiments, peritoneal macrophages harvested 4
hours following burn injury demonstrated increased P-p65 Rel A levels after LPS exposure
when compared to sham animals (1.91 £ 0.23 vs 1.0 + 0.09; p<0.001). VNS reduced the
burn-induced inflammatory hyper-responsiveness of peritoneal macrophages, with
decreased P-p65 Rel A levels after LPS exposure, however P-p65 levels continued to be
increased relative to sham + ex vivo LPS (1.47 £ 0.49 vs. 1.22 + 0.06; p<0.001).

The kinetics of p-65 Rel A phosphorylation after LPS stimulation are unchanged by VNS or
increased time after burn injury

To determine whether VNS induced differential kinetics of phosphorylation that resulted in
the observed decrease in P-p65 Rel A, peritoneal macrophages from sham, 4h burn, and
animals undergoing VNS prior to 4h burn were obtained and stimulated with ex vivo LPS
for 5, 10 and 30 minutes (Figure 5A). Cells were subject to flow cytometry from P-p65 Rel
A revealing that decreased phosphorylation of p65 in burn injured animals pre-treated with
VNS was not due to delayed phosphorylation, since longer periods of stimulation did not
result in significant increases in P-p6 Rel A. In fact, in the 4h burn/VNS group P-p65
remained lower than both sham and 4h burn after LPS stimulation for 5, 10 and 30 minutes,
and was significantly lower at stimulation times of 5 and 30 minutes.

Shock. Author manuscript; available in PMC 2013 August 01.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Lopez etal.

Page 6

To determine whether differential kinetics of phosphorylation of p65 were responsible for
lack of differences in NF-xB signaling at time points subsequent to 4 hours following burn
injury, we collected peritoneal cells 12 hours following injury. We then subjected these cells
to stimulation with ex vivo LPS (10 ng/ml) for 5, 10 or 30 minutes (Figure 5B). There was
no difference in P-p65 Rel A between the groups regardless of LPS exposure time. This
suggests that neither macrophage activation following burn injury, nor its inhibition by VNS
results from differential kinetics of phosphorylation of p-65 Rel A.

DISCUSSION

The increased susceptibility to sepsis following burn injury in patients has been linked to the
hyper-responsive phenotype of macrophages, supporting a ‘two-hit” model in which
macrophage activation is dependent on pre-existing levels of immune activation(21).
Macrophage activation can be regulated through cholinergic signaling of the vagus
nerve(22-24), however, in a burn model, where the direct protective effects of vagal nerve
stimulation on the gut have been documented(10), the effect of vagal nerve stimulation on
peritoneal macrophages has not been examined. Therefore, we first determined that burn
injury ‘primes’ peritoneal macrophages. After observing increased cytokine expression by
peritoneal macrophages from burn injured animals, we showed that these macrophages were
hyper-responsive to a secondary LPS challenge. NF-xB pathway was maximally activated
by LPS stimulation in macrophages harvested at 4 hours post-injury as compared to later
time-points. We also examined sham mice and observed that following VNS treatment, in
the absence of burn injury, there was a reduction in P-p65 Rel A levels, and went on to find
that VNS prior to burn injury resulted in attenuation of burn induced NF-xB. Finally, we
investigated the kinetics of phosphorylation and found that the kinetics behave no differently
at extended time periods following burn injury or following VNS, suggesting that the
differences we observed were actual, and not due to alterations in the kinetics of
phosphorylation of p65. These results indicate that VNS can lower the set-point of the injury
response, further supporting the overall hypothesis that the anti-inflammatory effect of VNS
in the burn model has indirect effects on peritoneal macrophages.

Major burn increases the inflammatory response of macrophages, which results in an
exaggerated cytokine response to a second insult. This excessive cytokine production
(TNFa, IL-6, IL-1, and others) can result in both tissue injury and increased susceptibility to
secondary infections and sepsis(25). Studies in an LPS model of macrophage activation have
shown that this exaggeration in cytokine response is not dependent upon the degree of
secondary insult(26). Following severe burn injury, resident immune cells in the intestinal
epithelia are activated by intestinal barrier breakdown, which further drives the
inflammatory response both by activating resident gut dendritic cells and recruiting
circulating monocyte/macrophages to the injured gut tissue(27, 28). The effect of burn
injury on the activation state of peritoneal macrophages suggests that, either through
increased systemic inflammation or as a result of injured gut tissue, the inflammatory state
of cells in the peritoneal cavity are altered after injury. This activated state of macrophages
after burn has been associated with increased susceptibility to sepsis(2, 29). Schwacha et. al.
provide evidence to suggest that clinical improvement after burn wound excision may be
explained by normalization macrophage hyper-responsiveness(30). Finding other
mechanisms by which to suppress macrophage activation might thus further aid in clinical
recovery. Given the known anti-inflammatory effects on both systemic and local gut
inflammation, we considered the capacity for the cholinergic anti-inflammatory effect of
vagal nerve stimulation to alter the inflammatory responsiveness of peritoneal macrophages
in burn injured animals.
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We found that peritoneal macrophage responsiveness to a secondary LPS challenge peaked
at 4 hours post-burn, returning to below baseline levels by 24 hours after injury. This agrees
with other studies in the timing of macrophage activation, which have shown that
macrophages lose their elevated inflammatory status after exposure to LPS by 24 hours(26).
It is also in accord with the kinetics of intestinal barrier breakdown and gut TNF-a. increases
seen after burn injury, both of which may alter the inflammatory state of peritoneal
macrophages(31). Our laboratory has extensively studied intestinal barrier breakdown after
burn injury, showing in this model that maximal intestinal barrier failure occurs at four
hours post-burn, with resolution of intestinal barrier integrity by 24 hours post-burn(19).
Additionally, we have shown that serum and intestinal TNF-a increases within the first few
hours after the burn insult(10, 32).

Here, we have demonstrated that VNS decreases the inflammatory responsiveness of
peritoneal macrophages following severe burn injury. Our laboratory has spent considerable
time studying the protective effects of VNS in models of injury(33, 34). Our laboratory has
shown that VNS protects against burn-induced intestinal epithelial barrier failure by
signaling via the enteric nervous system through a pathway, which is independent of the
spleen(20). Studies by de Jonge et al., have also demonstrated the ability of VNS to limit
intestinal inflammation and peritoneal macrophage activation(35). Their results suggest that
release of cholinergic agonists from efferent vagal nerve fibers can alter the inflammatory
state of intestinal macrophages as the vagal nerve terminals in the myenteric plexus are in
close proximity to gut macrophages. The VNS-induced protection against gut inflammation
was also associated with decreased pro-inflammatory mediators in the peritoneal fluid.
These studies suggested that although the vagus nerve is not known to have any direct
innervation of peritoneal macrophages, preventing gut inflammation using VNS may
indirectly alter the set-point of inflammatory responsiveness in peritoneal macrophages.

Clinically, severe injury is associated with up-regulation of numerous genes involved in the
inflammatory response(1). Based on these results, it seems unlikely that targeting a single
inflammatory pathway or cytokine could significantly alter the human response to injury.
The therapeutic potential of exploiting the anti-inflammatory potential of vagal nerve
signaling is attractive; VNS seems to alter the inflammatory set-point of cells in multiple
tissues and may possess the ability to alter the global immune response to severe insults.
Data presented in this series of experiments further defines the ability of VNS to alter the
inflammatory state of the host immune cells. Taken together, this series of experiments have
shown that pre-injury activation of the parasympathetic nervous system via VNS both
prevents the burn-induced inflammatory hyper-responsiveness of peritoneal macrophage and
decreases baseline NF-xB activation of these cells in uninjured animals. Therefore, VNS or
therapies aimed at increasing efferent vagal nerve output may represent a novel strategy to
alter the inflammatory set-point of immune cells and modulate the inflammatory response to
injury.
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Figure 1. Burninjury increases peritoneal macrophage cytokine expression

Quantitative PRC was performed on peritoneal macrophages isolated by plating 4 hours
following burn. Burn injury results in increased TNF-a and IL-6 mRNA expression
compared to sham treatment. Results are expressed as cytokine mRNA expression relative to
GAPDH= SEM. *p=0.03; #p<0.001.
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Figure 2. Determination of the kinetics of macrophage priming after burn injury

Peritoneal macrophages harvested at multiple time-points following sham or burn injury to
assess changes in NF-kB Phospho-p65 Rel A expression after in vitro exposure to LPS.
Cells stained for NF-kB Phosph-p65 Rel A. Black line represents cells obtained from sham
animals with no exposure to LPS, gray line represents comparison groups (A) P-p65 in
macrophages from sham animals; no LPS stimulation. (B) Rightward shift of gray peak
demonstrating increased NF-KB signaling in sham macrophages after LPS stimulation (C)
Burn injury alone does not increase NFKB signaling. (D) Ex vivo LPS stimulation after 4h
burn injury significantly increases P-p65. Peritoneal macrophages are no longer hyper-
responsive to LPS stimulation (E) 12h and (F) 24h following burn injury. (G) Graph
representing data obtained from flow cytometry experiments. The inflammatory
responsiveness of peritoneal macrophages peaks at 4 hours after burn injury and decreases to
sub-baseline levels by 24 hours post-injury. Error bars represent SEM. *P<0.001 vs. sham,
sham+ ex vivo LPS, burn, 12h burn + ex-vivo LPS.
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Figure 3. Determination of the kinetics of L PS stimulation in primed macrophages
Macrophages obtained from sham animals show no significant increases in NFKB signaling
after 5, 10, or 30 minutes of LPS stimulation. Ex vivo LPS stimulation for 5 minute
significantly increases P-p65 Rel A in macrophages harvested 4 hours following burn injury.
After 10 or 30 minutes of LPS stimulation phosphorylation returns to baseline Error bars
represent SEM. *p<0.001 vs sham + ex vivo LPS (5 minutes).
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Figure4. VNS decreases NF-K B activation in sham animals and negates macr ophage hyper -
responsiveness following burn injury

(A) VNS treatment of sham animals reduced Phospho-p65 Rel A below baseline of
unstimulated sham animals, demonstrating that VNS alters the inflammatory set-point in
peritoneal macrophages. (B) Performing VNS prior to severe burn injury reduced the
inflammatory response of peritoneal macrophages as measured by LPS induced Phospho-
p65 Rel A levels using flow cytometry. (C) Graph representing flow based findings. Error
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bars represent SEM. * p < 0.005 vs. sham or 4 hour burn mice without VNS; # p < 0.001 vs.
sham, VNS only or 4h burn; +p<0.005 vs. 4h burn + ex vivo LPS.
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Figure5. Kinetics of p-65 Rel A phosphorylation are unchanged with VNS and increased time
after burninjury
To confirm that our findings were not due to altered kinetics of phosphorylation,

macrophages from sham, burn and burn/VVNS animals were stimulated with LPS for 5, 10
and 30 minutes. (A) At the 4 hour time point only 5 minute LPS stimulation caused a
significant increase in P-p65 in 4h burn macrophages. P-p65 in the 4h burn/VVNS group
remained lower than both sham and 4h burn after LPS stimulation for 5, 10 and 30 minutes,
and was significantly lower than burn at stimulation times of 5 and 30 minutes. (B)
Additionally, kinetics of phosphorylation were similar at the 12 hour time point; maximal
increase in P-p65 was at 5 minutes. There was no difference in P-p65 Rel A between the
groups regardless of LPS exposure time. This suggests that neither macrophage activation
following burn injury, nor its inhibition by VNS results from differential kinetics of
phosphorylation of p-65 Rel A. Error bars represent SEM. *p<0.05 vs. sham + ex vivo LPS
(5 minute); #p<0.05 vs. 4h burn + ex vivo LPS (5 minute); + p=0.03 vs. 4h burn + ex vivo
LPS (30 minute); ~p<0.001 vs. 10 and 30 minutes.
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