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Abstract
Healing of the burn wound is a critical component of the burn patient's successful recovery. While
inflammation is a critical component of the healing process, it is unknown whether the inflammatory
response differs between non-burn and burn wounds. To study this, mice were subjected to major
burn injury or sham procedure. Wound cells were collected by implantation of polyvinyl alcohol
sponges beneath the burn site in injured mice or beneath uninjured skin in sham mice (i.e., non-burn
wound). Three days thereafter, skin, wound fluid and infiltrating cells were collected for analysis.
Significant levels of tumor necrosis factor (TNF)-α, interleukin (IL-6), monocyte chemoattractant
protein (MCP)-1 and keratinocyte-derived chemokine (KC) were observed in burn wound tissue and
the wound fluid from both non-burn and burn wounds. Burn injury induced 3-fold higher levels of
KC and 50-fold higher levels of IL-6 in the wound fluid as compared to non-burn injury. Significant
numbers of the cells from both burn and non-burn wounds were CD11b+, GR1+ and F4/80+,
suggestive of a myeloid suppressor cell phenotype, whereas CD3+ T-cells were negligible under both
conditions. LPS induced TNF-α, IL-6, IL-10, MCP-1, KC and nitric oxide production in both cell
populations, however; IL-6, IL-10, MCP-1 and KC levels were suppressed in burn wound cell
cultures. These findings indicate that significant differences in the wound inflammatory response
exist between burn and non-burn cutaneous wounds and that the unique characteristics of the
inflammatory response at the burn site may be an important contributing factor to post-burn wound
healing complications.

Keywords
T-cells; trauma; cytokines; chemokines; nitric oxide

Introduction
Thermal injury remains a significant health problem, with approximately 50,000 people in the
United States sustaining burn injuries that require hospitalization each year [1]. Despite
advances in patient care; immunosuppression, increased susceptibility to sepsis, wound healing
complications, and multiple organ failure remain major concerns in this severely compromised
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and unique patient population. This has been studied extensively in experimental models [2;
3]. The proper healing of the burn wound site is critical to the burn patient's successful recovery
[4]. The process of wound healing is complex and involves a series of overlapping phases that
include: hemostasis, inflammation, proliferation and resolution. The inflammatory phase of
wound healing is instrumental in supplying growth factors, cytokines, and chemokines that
orchestrate the cellular movement and infiltration necessary for tissue repair [5]. The immune
cell subsets (i.e., the cellular components of inflammation) are not only effector cells against
invading microbes, but are also important in the catabolic phase of tissue degradation via
production of proteases and reactive oxygen intermediates and also in the anabolic phase of
tissue formation via production of growth factors [6].

In cutaneous wounds, neutrophils are the first immune cells to arrive and their primary role is
wound debridement and protection against microbial infection. Nonetheless, activated
neutrophils release proteases and reactive oxygen intermediates, which can lead to significant
tissue damage [7]. Macrophages migrate to the wound within 48 hr and become the
predominant immune cell type. They are essential to successful wound healing, as they produce
large amounts of cytokines, chemokines and growth factors such as platelet derived growth
factor (PDGF) and vascular endothelial growth factor (VEGF), which initiate the formation of
granulation tissue [5]. Macrophage derived growth factors are central to the initiation and
propagation of new tissue growth in the wound bed. Studies have shown that macrophage
depletion leads to impaired wound debridement and fibroplasia, that isolated wound
macrophages induce angiogenesis and that macrophages contribute to increased collagen
synthesis and wound breaking strength [8]. Thus, macrophages appear to play a pivotal role in
the transition from the inflammatory to the proliferative phase of wound healing. While these
previous experimental studies have examined the inflammatory infiltrate in cutaneous wounds,
independent of burn injury, systematic analysis of the inflammatory response and infiltrate at
the burn wound site has been more limited [9-11]. Based upon the markedly different host
responses to traumatic tissue injury (non-burn) and burn injury, it is reasonable to suspect that
the cellular and inflammatory responses between these two insults might differ and contribute
to differences in healing of the wound site.

Materials and Methods
Animals

C57BL/6 male mice (18-22 g; 8-10 weeks of age, Charles River Laboratories, Wilmington,
MA) were used for all experiments. The mice were allowed to acclimatize in the animal facility
for at least one week prior to experimentation. Animals were randomly assigned into either a
thermal injury group or a sham treatment group. The experiments in this study were approved
by the Institutional Animal Care and Use Committee of the University of Alabama at
Birmingham, and were performed in accordance with the National Institutes of Health
guidelines for the care and handling of laboratory animals.

Thermal injury procedure
Mice received a scald burn as described previously [12]. Briefly, the mice were anesthetized
by intra-peritoneal injection of ketamine/xylazine and the dorsal surface was shaved. The
anesthetized mouse was placed in a custom insulated mold exposing 12.5% of their total body
surface area (TBSA) along the right dorsum. The mold was immersed in 70° C water for 10
sec to produce a major burn injury. The mice were then resuscitated with 1 ml of Ringer's
lactate solution administered by intra-peritoneal injection and returned to their cages. The cages
were placed on a heating pad for 2 hr until the mice were fully awake, at which time they were
returned to the animal facility. Sham treatment consisted of resuscitation with Ringer's lactate
solution only.
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Elicitation/collection of wound immune cell infiltrates
Modification of the methods of Albina and co-workers was employed to elicit and collect
wound infiltrates [13]. In brief, immediately following thermal injury, one burn site (right
dorsal surface) was prepped with 70% ethanol solution. A 1-cm full-thickness skin incision
was made close to the burn edge and a bloodless subcutaneous pocket developed under the
burn site. Four sterile polyvinyl alcohol (PVA) sponges (∼6-mm dia. × 3-mm thick; PVA
Unlimited, Warsaw, IN) were implanted into the pockets through the skin incision and under
the burn site, which was subsequently closed with wound clips. PVA sponges were similarly
implanted under uninjured skin in sham animals, creating a non-burn wound. Sponge
implantation was done using sterile techniques and no evidence of wound infection was
observed. Three days after injury the animals were sacrificed, the incisional wounds reopened,
and all of the sponges retrieved. Cell suspensions were obtained from the sponges by
compression and resuspended in complete media (RPMI 1640 containing 10% heat inactivated
FBS, 5 μg/ml gentimycin and 100 μg/ml of streptomycin and penicillin GibcoBRL, Grand
Island, NY). The initial wash in 1 ml PBS was defined as the “wound fluid”.

Collection and processing of skin samples
At 3 days after thermal injury or sham procedure, skin samples from the burn wound and normal
uninjured skin were excised down to the level of the musculofascia by sharp dissection and
were immediately snap frozen in liquid nitrogen. Burn skin was collected from the left dorsal
injury site not used to elicit wound exudate cells. Uninjured skin from burn and sham mice
was collected from sites distal to the dorsal surface where the PVA sponges were implanted.
All skin samples were stored at −80° C until analysis. Tissue samples were homogenized in
protease inhibitor cocktail (Calbiochem, San Diego, CA) as described elsewhere [14]. Cytokine
levels in the skin samples were assessed as described below and normalized to μg of protein
as determined using the BioRad Protein Assay (Bio-Rad Laboratories, Hercules, CA).

Determination of wound cell phenotype
Wound cells were collected, fixed, stained with hemotoxylin-eosin and visualized by light
microscopy using standard techniques. Cellular phenotype was determined by staining with a
combination of antibodies (CD3, GR1, CD11b, F4/80) conjugated to either FITC or PE. The
manufacturer's suggested methodology was employed (BD Biosciences, Mountain View, CA).
Antibodies against CD3, GR1 and CD11b and appropriate isotype controls were obtained from
BD Pharmingen. Antibodies against F4/80 and an appropriate isotype control were obtained
from Serotec (Raleigh, NC). FITC and PE were analyzed with a LSRII flow cytometer (BD
Biosciences). The entire lymphocyte and monocyte populations (as determined for forward
and side scatter) were gated in the analysis. A minimum of 10,000 events was collected and
WinMIDI 2.8 software was used to analyze the results.

In vitro culture of wound cells
Wound exudate cells (4 × 106/ml) were cultured in complete media for 48 hr with media alone
(no stimulation; NS) or LPS (1 μg/ml) and cell-free supernatants collected and stored at −80°
C until analysis for cytokine and nitrite/nitrate levels.

Analysis of cytokine and nitrite levels
The concentrations of interleukin (IL)-6, IL-10, IL-12p70, interferon (IFN)-γ, monocyte
chemoattractant protein (MCP)-1 and tumor necrosis factor (TNF)-α in the skin homogenates,
wound fluids and culture supernatants were measured by commercially available cytometric
bead array (CBA) Mouse Inflammation Kits (BD Biosciences), according to the manufacturer's
instructions, with some modification. Briefly, 25 μl of mixed capture beads were incubated
with 25 μl of supernatant and 25 μl of PE detection reagent for 2 hr at room temperature. The
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immunocomplexes were then washed and analyzed using the LSRII flow cytometer (BD
Biosciences). The data was processed with the accompanying FACSDiva and BD CBA
software. Similarly, keratinocyte-derived chemokine (KC) and granulocyte/monocyte- colony
stimulating factor (GM-CSF) were measured by CBA Mouse Flex Sets (BD Biosciences)
according to the manufacturer's instructions with some modification. In brief, 25 μl of mixed
capture beads were incubated with 25 μl of skin homogenates, wound fluid or culture
supernatant for 1 hr at room temperature in the dark. Twenty-five μl of PE detection reagent
was then added and incubated for 1 hr. The immunocomplexes were then washed twice with
wash buffer and centrifuged at 200 × g for 5 min. Analysis was then carried out processed as
described above. Cytokine concentrations in the skin homogenates were normalized against
protein content. Nitrite/nitrate levels were determined using the Greiss reaction using a kit from
Cayman Chemical (Ann Arbor, MI).

Statistical analysis
Data are expressed as mean ± SE. Comparisons were analyzed using ANOVA and Tukey's
test for multiple comparisons. A P value of < 0.05 was considered to be statistically significant
for all analyses.

Results
Effect of burn injury on inflammatory cytokine content of the skin

Samples of uninjured skin and burn skin were obtained from mice at 3 days post-burn or sham
procedure and cytokine content assessed (Fig 1). Burn injury caused a significant (P<0.05)
elevation in the levels of TNF-α, IL-6, MCP-1 and KC in samples collected from the burn
injury site. In contrast, normal or uninjured skin from burned animals had levels of these
mediators that were not significantly different from skin collected from sham mice. While
IL-12, IL-10, IFN-γ and GM-CSF were also assessed, significant levels of these mediators
were not observed in the samples (data not shown).

Comparison of the dermal inflammatory response to burn and non-burn injury
Wound fluid was collected from non-burn and burn wound sponges and assessed for
inflammatory mediators as shown in Fig. 2. Significant levels of TNF-α, IL-6, MCP-1 and KC
were observed. As with the skin samples, IL-12, IL-10, IFN-γ and GM-CSF levels were
undetectable. Wound fluid collected from burn sponges had significantly higher levels of IL-6
and KC as compared with non-burn wounds. TNF-α and MCP-1 levels were comparable
between the burn and non-burn groups. Protein content of the wound fluid from non-burn and
burn wound sponges was similar (2.34 ± 0.33 and 2.19 ± 0.10 mg/ml, respectively; mean ±
SE, n=4/group).

Phenotypic analysis of cells from burn and non-burn wounds
Cell yields from the wound sponges were comparable for non-burn and burn wounds (1.25 ×
106 and 1.30 × 106, respectively; n=4 sponges/animal). The majority of cells collected
displayed morphological characteristics of the monocyte/macrophage lineage (Fig. 3A). The
cells were irregular in shape and vacuolated. Another characteristic in many of the cells was a
horseshoe-shaped nucleus. Very few of the cells displayed a segmented nucleus characteristic
of neutrophils. Morphological characteristics of wound cells were qualitatively similar in non-
burn and burn wounds. The scatter pattern (i.e., side scatter for granularity/complexity and
forward scatter for size) as determined by FACs analysis showed that the majority of the cells
were positioned in the monocyte/macrophage gate and devoid of lymphocytes in both cell
populations (Fig. 3B). Cells collected from the wound sponges were also analyzed for
lymphoid, myeloid and granulocyte markers. Negligible numbers of CD3+ T-cells (1.5-4.9%)
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were found in either wound cell population (data not shown). Dual staining of the wound cells
revealed that significant numbers of the cells from both populations were positive for both
CD11b and GR1 (Fig. 4A). The percentage of this double-positive cell population was
comparable in non-burn and burn wounds. In contrast, dual staining for the myeloid markers
CD11b and F4/80 revealed that a significantly greater percentage of cells in the burn population
were positive for CD11b and F4/80 as compared with non-burn cells (43% and 22%,
respectively; Fig. 4B).

To compare the relative expression of the phenotypic immune cell markers the mean
fluorescent intensity (MFI) was determined (Table 1). The MFI for GR1 and F4/80 expressions
were comparable between the two groups, indicating that the relative expression of these cell
markers was similar. In contrast, the MFI for CD11b was slightly reduced by approximately
6% in the burn group as compared with the non-burn group (p<0.05).

Comparative analysis of in vitro functional capacity of non-burn and burn wound cells
The capacity of wound cells to produce a range of inflammatory mediators following LPS
stimulation was assessed. LPS stimulation induced significant production of TNF-α, IL-6,
IL-10, MCP-1, KC and NO2

-/NO3
- in both cell populations as compared to unstimulated cells

(Fig. 5). Significant levels of IL-12, IFN-γ or GM-CSF were not observed in the cell
supernatants (data not shown). LPS-stimulated TNF-α (Fig. 5A) and NO2

-/NO3
- (Fig. 5F) were

comparable between the non-burn and burn wound cell cultures, whereas the production of
IL-6 (Fig. 5B), IL-10, (Fig 5C), MCP-1 (Fig. 5D) and KC (Fig. 5E) was significantly less in
the cells obtained from burned mice. The suppressed productive capacity ranged between
50-70% of non-burn cell levels.

Discussion
Complications induced by major burn injury include; immunosuppression, increased incidence
of infections, and delayed wound healing. The experimental model employed was developed
to compare the infiltrating inflammatory response in a non-burn dermal wound to that of a burn
wound. The implantation of sub-cutaneous sponges to create a wound site is a well-established
model [15;16]. The non-burn wound model is associated with pronounced inflammation and
the release of a wide range of inflammatory mediators. The implantation of the sponges beneath
the burn site allows for the “trapping” of the infiltrating inflammatory cells and resultant
inflammatory mediators that are responding to the burn injury. While our burn model is a full-
thickness injury, (i.e., injury to the epidermal, dermal and sub-dermal layers), the findings with
regard to inflammatory response indicate that viable tissue remains at the wound site at 3 days
post-injury. Thus, it could be suggested that the burn injury model that we have employed is
more consistent with a deep partial-thickness burn [17].

We observed a significant inflammatory response at the burn site at 3 days post-injury. This
inflammatory response was associated with increased levels of the pro-inflammatory cytokines
TNF-α and IL-6 and the chemokines MCP-1 and KC. These findings are consistent with our
previous results showing an elevated level of various growth factors at the burn site at 3 days
post-injury [14] and recent clinical findings regarding the systemic inflammatory response
[18;19]. Others have also shown elevated levels of IL-6, TNF-α MCP-1 and KC at the burn
site [20-22]. With regard to the skin, the inflammatory response to burn injury appears to be
somewhat localized to the injury site. In contrast, our previous findings and others have shown
elevated levels of nitrite/nitrate and growth factors in uninjured skin from burn injured mice
[14;23]. In contrast, Rodriguez et al. [24] showed that in burn patients IL-6 levels in normal
skin were elevated. These apparent discrepancies may be related to the time post-injury
examined or the degree of injury. The wound fluid collected from burn and non-burn wounds
contained significant levels of TNF-α, IL-6, MCP-1 and KC; however, differences between

Schwacha et al. Page 5

J Surg Res. Author manuscript; available in PMC 2011 January 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



non-burn and burn wounds were only observed with regard to IL-6 and KC. Thus, the
inflammatory response induced by wound infiltrating cells differs significantly between non-
burn and burn wounds. This difference may be related to the greater degree of tissue injury in
the burn group, as IL-6 is considered a marker of tissue injury [25].

A critical aspect of chemokine function is the trafficking of immune cells. KC is a potent
neutrophil chemotactic factor and a key mediator of neutrophil recruitment in response to tissue
injury and infection [22;26]. Consistent with the findings of Faunce et al. [22] we observed a
profound elevation in the levels of KC in both the burn skin and the wound fluid. Since
cytokines such as IL-1, TNF-α and PDGF have been shown to induce KC expression
[27-29], the elevated KC levels in the burn skin and wound fluid may be related to increased
TNF-α at the injury site [14]. MCP-1 is important to the healing process as it acts to stimulate
endothelial and smooth muscle cell proliferation and monocytes associated with angiogenesis
and correlates with macrophage infiltration [21;30;31]. MCP-1 can be induced by TNF-α and
PDGF [32;33].

Based on the expression of GR1, CD11b and F4/80 by the wound cells, our findings suggest
that the wound infiltrating cells, irrespective of burn injury, are likely to be myeloid suppressor
cells (MSC). Makarenkova et al. [34] have recently characterized a MSC population in the
spleen following traumatic stress that was heterogenesis expressing a range of phenotypic
markers that included MHC 1, MHC II, CD80, CD86, CD40 and CD34, in addition to GR1
and CD11b. In the trauma group MHC 1, CD40 and CD34 were expressed, whereas these
molecules were not expressed in the control cell group. Others have shown that MSC can also
express CD11c and CD115 [35;36]. While the present study did not examine these phenotypic
markers, it is likely that they are in part expressed by wound cells in our system. Due to the
limited number of cells collected from the sponges functional analysis of MSC activity (i.e.,
suppression T-cell proliferation) was not possible. Future studies will need to address the
functional characteristics of this wound cell population to confirm the MSC phenotype.
Somewhat surprisingly, the wound infiltrate was devoid of T-cells. We have previously shown
that T-cells of the γδ T-cell lineage are important to cellular infiltration of the wound site and
distal organs [37;38], and the induction of growth factors at the burn wound site at 3 days post-
injury [14]. The present findings suggest that T-cells resident in the skin are important in the
orchestrating the inflammatory influx, but are not the actual cell type infiltrating the wound at
3 days post-injury.

GR-1, while generally considered a neutrophil marker, is expressed by immature macrophages
thought to function in immunosuppression via an NO-mediated process [39;40]. The cells
isolated from the wound sponges in our model are likely to be immunosuppressive to T-cells
through an NO-dependent mechanism and may in part explain the lack of CD3+ cells found in
the wound infiltrates. Nonetheless, expression and activity of all three NOS isoforms are
important to the wound healing process [41]. We have previously shown that a hyperactive
splenic macrophage phenotype post-burn is associated increased CD11b expression [42]. In
contrast in the current study, a decrease in the relative CD11b expression was observed in the
burn wound group. This observation suggests that the cells from the burn wound are “less-
activated” than cells from the non-burn group. The cells isolated from the burn wounds
hyporesponsive and produced lower levels of a number of important inflammatory mediators
(i.e., IL-6, IL-10, MCP-1 and KC) in response to LPS stimulation. Since inflammation is a
critical component of the wound healing process, the suppressed inflammatory response in the
burn wound may contribute to the clinical observations of wound healing complications [4].

Activation of a pro-inflammatory cascade after burn injury is important in the development of
subsequent immune dysfunction. In this regard, previous findings have shown that macrophage
productive capacity for these mediators is markedly enhanced following thermal injury and
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thereby contributing to immune dysfunction [2;43]. Moreover, since both macrophages and
inflammation contribute to the wound healing process [7;8], dysregulation of the macrophage
inflammatory response, as seen with burn injury, likely contributes to wound healing
complications. Nonetheless, the current study observed a hypoactive macrophage phenotype
(i.e., suppressed productive capacity for inflammatory mediators) at the wound site following
burn injury. Our previous findings have shown that the expression of macrophage hyperactivity
(i.e., increased productive capacity for inflammatory mediators) post-burn was in part limited
to the fixed-tissue compartment [44]. Splenic macrophages displayed enhanced IL-6 and TNF-
α production post-burn, whereas such activity was suppressed in peripheral blood mononuclear
cells (PBMC). In the current study it can be speculated that the cells infiltrating the wound
sponges might have originated from the circulating PBMC population, since aspects of their
inflammatory phenotype were similarly suppressed post-burn. The inability of infiltrating burn
wound cells to mount an appropriate inflammatory response may contribute to wound healing
complications. In particular, the suppressed ability of burn wound cells to be produce the
chemokines KC and MCP-1 upon activation may contribute to reduced cellular infiltration and
resultant complications, such as delayed healing or infection. Nonetheless, this concept is
speculative and additional studies are warranted to verify such a concept.

In conclusion, the skin contains a network of various immune cells that function in concert to
maintain organ function and respond to cellular stress. The migration, activation and clearance
of these diverse cells are likely to be temporally dependent after burn injury. Due to previously
observed differences in responses at the burn site, we focused the current studies on 3 days
post-injury [14]. It remains to be determined how burn injury influences the inflammatory
wound response at other times and during the entire healing process. These findings show that,
while the infiltrating cells at the non-burn and burn wound site were phenotypically similar,
the burn wound inflammatory response was exaggerated as compared to non-burn wounds, but
the subsequent responsiveness of the burn wound cells to appropriate activation was attenuated.
Thus, the burn wound inflammatory response and subsequent immune cell responsiveness
differs significantly from that of non-burn cutaneous wounds. These burn specific differences
in the wound inflammatory response may be important contributing factors to delayed wound
healing, increased wound infections and similar complications in burn patients. An improved
understanding of the unique characteristics of the burn wound inflammatory response and how
it differs from that of non-burn cutaneous wounds may contribute to the development of
improved therapeutic regimes specific for burn patients and warrants further investigation.
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Figure 1. Skin cytokine and chemokine levels
Samples of skin were collected from sham mice and from 2 sites on thermally-injured mice
(normal [i.e., uninjured] and burn site) at 3 days after injury. Tissue cytokine and chemokine
levels were determined by BD™ Cytometric Bead Array (CBA) analysis as described in the
Materials and Methods section. Tissue levels for TNF-α [A], IL-6, [B], MCP-1 [C], and KC
[D] were determined. Data are mean ± SEM; n = 4-5 mice/group. * P<0.05 as compared with
sham group.
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Figure 2. Wound fluid cytokine and chemokine levels
Wound fluid was collected from non-burn and burn wounds at 3 days after injury and cytokine
and chemokine levels were determined by BD™ Cytometric Bead Array (CBA) analysis as
described in the Materials and Methods section. Wound fluid levels for TNF-α [A], IL-6, [B],
MCP-1 [C], and KC [D] were determined. Data are mean ± SEM; n = 5-6 mice/group. * P<0.05
as compared with non-burn group.
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Figure 3. Wound cell morphology
Wound cells were collected from mice at 3 days after injury as described in the Materials and
Methods section. In panel [A] cells were stained with hemotoxylin-eosin and evaluated by light
microscopy (× 400). Panel [B] shows the forward (FSC) and side scatter (SSC) of the wound
cells as determined by FACs. Regions were granulocytes, lymphocytes and monocyte/
macrophages are located are labeled and similar for both cell populations. Representative
samples of 3-5 separate experiments are shown.
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Figure 4. Wound cell phenotype
Cell phenotyping was determined by FACs analysis at 3 days after injury as described in the
Materials and Methods section. A representative experiment for wound cell CD11b and GR1
expression by cells from non-burn and burn wounds are shown in panels A and panel B shows
a representative experiment for F4/80 and CD11b expression by such cells. The values in each
panel represent the percentage of the gated population positive for both phenotypic markers
(mean ± SE for 5 mice/group).
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Figure 5. Wound cell inflammatory mediator production
Wound cells were isolated from non-burn and burn wounds at 3 days after injury and cultured
with media (no stimulation; NS) or LPS (1 μg/ml) for 48 h and cell-free supernatants collected.
Cytokine and chemokine levels were determined by BD™ Cytometric Bead Array (CBA)
analysis and nitrite/nitrate levels determined by the Greiss reaction as described in the Materials
and Methods section. Supernatant levels of TNF-α [A], IL-6, [B], IL-10 [C], MCP-1 [D], and
KC [E] and NO2

-/NO3
- [F] were determined. Data are mean ± SEM; n = 4-5 mice/group.

*P<0.05 as compared with NS; †P<0.05 as compared with respective non-burn group.
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Table 1

Relative expression of phenotypic markers by cells from non-burn and burn woundsa.

F4/80 GR-1 CD11b

Non-Burn 38.0 ± 9.7 73.5 ± 6.3 782.3 ± 42.8

Burn 39.5 ± 9.9 69.3 ± 9.3 603.3 ± 44.1b

a
Wound cells were collected from mice at 3 days after injury and phenotyped by FACs analysis and the mean florescence intensity (MFI; an indicator

of relative cell expression) determined as described in the Materials and Methods section. Data are mean ± SEM; n = 5 mice/group.

b
P<0.05 as compared with respective non-burn group.
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