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Abstract
Burn injuries together with its subsequent complications, mainly bacterial infections originating
from gastrointestinal tract, activate the host immune system through stimulation of a series of local
and systemic responses, including the release of inflammatory mediators. To gain a more
comprehensive understanding of these complex physiological changes and to propose therapeutic
approaches to combat the deleterious consequences of burn and septic shocks, it is essential to
analyze animal models of burn and sepsis. In this study, we analyzed the long term profiles of
cytokines and chemokines in rat models which received burn injury followed two days later by
cecal ligation and puncture (CLP) to induce sepsis and were sacrificed at different time points
within 10 days (0, 1, 2, 3, 4, 7 and 10 days). It was observed that MCP-1 concentrations were
elevated in all animal models following the burn injury or CLP treatment. IP-10 concentration was
persistently decreased after CLP or sham-CLP treatments. GRO/KC concentration was also
increased following the burn injury and CLP. It was elucidated that, in more severe injury model
which received both burn and CLP treatments, GMCSF and MIP-1α (chemokines), IL-1α (a pro-
inflammatory cytokine) and IL-6 (exhibiting both pro- and anti-inflammatory behaviors) were
upregulated on the 7th and 10th days, which might be to protect the host system from the
subsequent complications caused by burn and sepsis. In order to elucidate critical regulatory
interactions, putative transcription factors of the inflammatory mediators which have been
significantly changed following the injuries were further identified by analyzing the conserved
regions of the promoters of cytokines and chemokines. In conclusion, the long term profiles of the
inflammatory mediators were profoundly characterized in this study to gain a comprehensive
understanding of inflammatory mediators’ behaviors in various injury models.
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Introduction
Burn injury leads to denaturation of proteins and loss of membrane integrity of cells around
the area of injury, which results in secretion of local mediators and endotoxins such as
histamine, nitric oxide, oxygen-free radicals and various cytokines including IL-6, PDGF
and TGF-α [1–3]. This eventually recruits different blood cells such as neutrophils,
lymphocytes, macro-phages and fibroblasts to the injured area, thus causing a further
increase in circulatory proteins and cytokines levels [1]. Although burn wound is an
important portal of entry for microbes [4], pathogen originating from gastrointestinal tract is
one of the most serious complications, which might be because of physical disruption of the
mucosal barrier, intestinal over-growth of bacteria and suppression of the immune defense
[5]. Severe burns associated with bacterial infections cause more persistent inflammatory
response with an ongoing hypermetabolic and catabolic state. Depending on the severity of
the injury and septic complications, hyper-metabolism and other changes associated with the
systemic inflammatory response can progress to multiple organ dysfunction syndromes,
which can have a mortality rate as high as 90–100% [6].

Animal models of burn injury, cecal ligation and puncture, and endotoxin injection have
previously been used to characterize the circulating mediator concentrations [7–14].
However, these studies are limited to one type of insult or a limited number of cytokines’
measurements. In our previous study, we analyzed the short term (24 h) responses of 23
different serum cytokines and chemokines in two types of animal models: rats receiving a
“sterile” cutaneous dorsal burn on 20% of the total body surface area (TBSA); rats receiving
a cecum ligation and puncture treatment (CLP) to induce infection [15]. We utilized the
concept of area under the curve (AUC) method to assess the dynamic responses of cytokines
and chemokines considering the temporal variability observed in the baseline corresponding
to the control group. It was identified that MCP-1, GROK/KC, IL-12, IL-18 and IL-10 were
significantly altered in both burn and CLP groups. While IL-10 concentration was only
increased in the burn group, Eotaxin was only elevated in CLP group. Leptin and IP-1
concentrations were found to be decreased in both CLP and sham-CLP groups (control of
CLP). We further analyzed the dynamics of the early inflammatory response in double hit
injury models of burn and sepsis[16]. The rats received burn injury followed 2 days later by
CLP or sham-CLP (SCLP) treatments. A number of cytokines and chemokines, including
MCP-1, IP-10, Leptin, TNF-α, MIP-1α, IL-18, GMCSF, RANTES and GCSF were
significantly altered in both Burn+CLP and Burn+SCLP groups. IL-10 and IL-6 were
significantly up-regulated in the Burn+CLP group when compared to the Burn+SCLP group.
Down regulation of Leptin and IP-10 concentrations were found to be related to surgery and/
or infection. IL-18 and MCP-1 were elevated in all groups including previously published
single injury models receiving similar treatments [15, 16].

The inflammatory response and its consequences are the result of a very complex cascade of
events. Quantitative and temporal differences in the secretion of mediators and consequently
their signaling patterns result in complex inflammatory responses. We recently identified a
number of putative transcription factors of cytokines and chemokines which have been
significantly altered following burn injury or sepsis [15]. Some of these transcription factors
identified such as NFKB (or NF-κβ), STAT and CEBP have been already well studied in
literature and shown to be activated by burn and sepsis in various tissues [13, 17–19]. We
further showed that there are also other putative transcription factors including ETS1, SP1,
GATA, and VTBP which might play important roles during the inflammation by regulating
the production of a number of cytokines and chemokines[15]. Our analysis showed that
ETS1 have potential to regulate the MCP-1 and GRO/KC chemokines which had similar
concentration profiles following the CLP treatment. CREB was also identified as a putative
transcription factor of IL-18. Putative transcription analysis has shown that the network of
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cytokine-transcription factor interactions is complex and redundant. These complex
behaviors mediated by cytokines and chemokines need to be further analyzed to better
understand its systems properties and identify multiple targets that could be potentially
utilized as medical treatments. Therefore, given our previous studies where short term
inflammatory responses in various injury types including single and double injury models of
burn and sepsis [15, 16], we further analyzed the long term profiles of cytokines and
chemokines in the animal models. Rats received burn injury followed two days later by CLP
and they were sacrificed at different time points within 10 days (0, 1, 2, 3, 4, 7 and 10 days)
to profile the chemokines/cytokines concentrations. Moreover, the binding sites of promoter
regions of the cytokines and chemokines were analyzed to identify putative transcription
factors in this study.

Materials and Methods
Animal Models

Male Sprague-Dawley rats (Charles River Labs, Wilmington, MA) weighing between 150
and 200 g were utilized for this study. The animals were housed in a temperature-controlled
environment (25°C) with a 12-hour light-dark cycle and provided water and standard chow
ad libitum. All experimental procedures were carried out in accordance with National
Research Council guidelines and approved by the Rutgers University Animal Care and
Facilities Committee.

The experimental plan aims to elucidate the changes in serum cytokine concentrations in rats
at different time points during the first 10 days after the burn and cecal ligation and puncture
(CLP) treatments (Figure 1). A systemic hypermetabolic response is induced in rats by
applying a 20 % total body surface area burn followed by (2 days later) CLP to produce
sepsis. The control treatments include sham-burn and sham-CLP. Totally four different
groups (including control and treatment groups) are analyzed in this study (Figure 1).

A full-thickness burn on the dorsal skin corresponding to 20% of the total body surface area
(TBSA), and cecal ligation and puncture treatments were have been explained in great detail
in our previous studies [15, 16]. Briefly, rats were first anesthetized by intraperitoneal
injection of 80 to 100 mg/kg ketamine + 12 to 10 mg/kg xylazine. After removing all hair
from the dorsal abdominal area using electric clippers, the animal's back was immersed in
water at 100°C for 10 s to produce a full-thickness scald injury over 20% TBSA. Then, the
animals were resuscitated with 50 mL/kg of saline injected intraperitoneally. Sham burn
controls consisted of animals treated identically but immersed in warm water at 37 °C. Rats
were single caged after burn or sham burn and given standard rat chow and water ad libitum.
2 days after the burn or sham-burn treatments, animals received CLP treatment to induce
sepsis. Rats were anesthetized, and then the analgesic buprenorphrine was given
subcutaneously at 0.01 to 0.05 mg/kg. Animals were then placed in supine position and hair
was shaved on the abdomen. Bupivicaine (0.125% to 0.25%) were applied around the
incision site for additional perioperative and postoperative analgesia. The abdominal cavity
was cut open by a 2 cm midline incision. The cecum of the rat was exposed and ligated just
below the ileocecal valve so that intestinal obstruction was not produced. In order to
increase the survival rate and preserve the viability of cecum itself, the cecal branch of the
ileocecal artery was not blocked or ligated. The cecum was punctured 4 times (not through
and through) with a 20 gauge needle and replaced in the peritoneum. The abdominal incision
was then sutured in layers using interrupted monofilament sutures. The animal received 10
mL/kg saline intraperitoneally for resuscitation. Control group (sham-CLP or SCLP) were
anesthetized, undergo laparotomy as described above, but no surgical manipulation of the
cecum was performed. Rats were single caged after the treatments and given standard rat
chow and water ad libitum until sacrifice. Note that all burn, CLP and control treatments as
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well as sacrificing the animals were carried out in the 8 am – 10 am time period to insure
that all animals were at the same stage in their circadian cycle.

Cytokine Analysis
Animals were sacrificed at different time points (0, 1, 2, 3, 4, 7 and 10 day) (n=3 per time
point per group) (Figure 1). Blood samples collected from vena cava by heparinized
catheters were stored on ice until serum preparation. Serum was separated by centrifugation
at 4500 rpm for 3 min at 4 °C and stored at −80 °C until analyzed. MILLIPLEX MAP Rat
Cytokine/Chemokine Panel (Millipore) was used for the simultaneous quantification of 23
different cytokines (Eotaxin, G-CSF, GM-CSF, GRO/KC, IFN-γ, IL-10, IL-12 (p70), IL-13,
IL-17, IL-18, IL-1α, IL-1β, IL-2, IL-4, IL-5, IL-6, IP-10, Leptin, MCP-1, MIP-1α,
RANTES, TNF-α, VEGF) using the manufacturer’s manual. One-way ANOVA test was
used to identify differentially produced cytokines or chemokines which show significant
alterations across the time (P<0.05). Heat maps were generated by the “clustergram”
function in MATLAB which was used to cluster the cytokines and chemokines which were
significantly changed across the time.

Predicting Putative Transcription Factors
Transcription factors (TFs) analysis has been already described in great detail in our
previous study [15]. Briefly, promoters of cytokine genes of rats were extracted from the
Genomatix database of promoter information with a default length unless an experimentally
defined length has been reported [20]. Each promoter is characterized by a set of
orthologous promoters from the same gene of other vertebrate species, if available. DiAlign
TF [20] with default parameters was subsequently applied to identify conserved regions on
the promoter and then transcription factor binding sites (TFBSs) that are enriched on
corresponding conserved regions from the set of orthologous promoters with a common
threshold (70% in this study). Transcription factors identified were further refined by using
Model Inspector [20]to search for a list of cis-regulatory modules from a library of
functional, experimentally-verified, modules (MatBase[20]) that match on the promoter.

Results
Animal Weight Change and Mortality

Weight changes of rats were monitored after burn and CLP treatments (Figure 2). Burn and
sham-burn treatments (on day 0) did not resulted in any significant weight lost. On the other
hand, CLP (on day 2) approximately caused 10 % weight lost on each animal within a day.
Animals of double hit injury models recovered from the injuries, and eventually gained
weight at the same rate as normal controls (Figure 2). Moreover, all animals survived within
10 days following the treatments.

Cytokine Profiles
We analyzed the cytokine and chemokine concentration changes at different time points in
each group, and Figure 3A shows the P-values of cytokines/chemokines from S+SCLP
group obtained by ANOVA test. This group first received sham-burn and then sham-CLP
treatment which is a sterile abdominal surgery without surgical manipulation of cecum. It
was identified that IL-12, IL-2, GRO/KC and MCP-1 concentrations were significantly
altered (Figure 3B). MCP-1 and GRO/KC, the chemokinesrecruiting the white blood cells to
the site of damaged tissue and activate the immune cells, were elevated following the sham-
CLP treatment until the 7th day. IL-12 which is necessary for the T-cell development, and
IL-12 which can behave as both pro-and anti-inflammatory mediator were up-regulated on
the 4th day.
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Figure 4A shows the P-values of cytokines/chemokines from S+CLP group obtained by
ANOVA test, and Figure 4B illustrates the profiles of circulating mediators which were
significantly altered. After receiving CLP treatment on the second day, a number of
chemokines (GMCSF, IP-10, and VEGF) exhibiting similar expression pattern, were
persistently down-regulated. IL-13 which is an anti-inflammatory cytokine was down-
regulated on the 4th and 7th days. On the other hand, an up-regulation was observed in the
concentrations of IL-18 and MCP-1 on 3rd and 4th days following the CLP. These two
mediators were found to have similar expression pattern.

In B+SCLP group, IL-6, TNF-α, RANTES, GMCSF, MIP-1α, IL-10, MCP-1, GRO/KC
and IP-10 were found to be significantly changed (Figures 5A and 5B). In this group,
animals received burn injury followed two days later by sham-CLP. The time point 0 day
represents control group (no injury), whereas 1 and 2 days correspond to animals which
have already received burn injury, and 3–10 days correspond to animals which have
received sham-CLP treatment in addition to burn injury. On the 1st and 2nd days following
the burn injury, RANTES and GMCSF were found to be down-regulated. RANTES
concentration was up-regulated after the second injury (sham-CLP) on the 3rd, 7th and 10th

days; however GMCSF concentration was increased on the 4th day following the sham-CLP.
On the 4th day, MIP-1α, MCP-1 and IL-10 (a well known anti-inflammatory cytokine)
concentrations were also increased. Furthermore, MCP-1 and GRO/KC were up-regulated
on the 1st day following the burn injury, whereas GRO/KC concentration was not changed
after the sham-CLP treatment. Interestingly, the circulatory concentration of IP-10, which is
a chemokine, was not affected by burn injury; however its concentration was persistently
decreased following the sham-CLP treatment. IL-6, a well known inflammatory mediator, is
up-regulated on the 10th day in burn animals after receiving sham-CLP treatment.

A number of cytokines and chemokines including MCP-1, GRO/KC, IL-1α, IL-6, MIP-1α,
GMCSF, RANTES and IP-10 were altered across the time in B+CLP group (Figures 6A and
6B). The chemokines MCP-1 and GRO/KC were identified in the same group. They both
were up-regulated following the burn injury on the 1st day. After CLP treatment, MCP-1
showed more persistent up-regulation until the 7th day. On the other hand, GRO/KC was
increased on the 4th day and went back to its baseline value corresponding to time point 0
day. IL-1α, IL-6 and MIP-1α exhibited similar concentration profiles. Among these
mediators, IL-1α is a member of interleukin-1 family characterized as a pro-inflammatory
mediator. The concentrations of IL-1α, IL-6 and MIP-1α started to increase on the 4th day
in double hit injury model, and they showed persistent elevation even on the 10th day.
GMCSF concentration was decreased following the burn injury and CLP (between 1st and
4th day), and reached to its baseline value on the 7th day. RANTES was only elevated on the
7th day. Similar to the profile observed in B+SCLP group (Figure 5B), IP-10 concentration
was also persistently decreased following the CLP treatment (between the 3rd day and 10th

day).

Putative Transcription Factors
Putative transcription factors of 15 different mediators which were found to be significantly
changed following the injuries have been identified (Table 1). It is obvious that a
transcription factor might regulate more than one cytokine, and similarly a cytokine might
be regulated by a number of different transcription factors. We found that ETS1 (Table 1)
might be involved in the regulation of 10 different mediators including GMCSF, MCP-1,
MIP-1α, IL-12, IL-18, IP-10, GRO/KC, RANTES, IL-1α and TNF-α. ETS1 is an important
member of ETS family of transcription factors and it plays a key role in the development of
immune cells including T lymphocytes, B lymphocytes and natural killer cells[21]. It is
known that ETS1 activates the promoter of IL-5 gene whereas it acts as a negative regulator
for IL-2 expression [21]. NFAT family (nuclear factor of activated T cells) plying a
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important role in inducible gene transcription during the immune response [22] was found to
be associated with 6 different mediators such as GMCSF, IL-2, IL-6, IL-13, RANTES and
TNF-α in this study (Table 1). NFAT family whose activity is regulated by the calcium/
calmodulin dependent phosphatase calcineurin has been shown to be involved in the
regulation of various cytokines and chemokines including IL-2, IL-3, IL-4, IL-5, IL-8,
IL-13, GMCSF and TNF-α in literature [22]. In current study, SP1 was also found to be
putative transcription factors of 7 different mediators which are GMCSF, MIP-1α, IL-6,
IL-18, TNF-α, IL-1α and VEGF (Table 1). SORY is another transcription factor found to be
important for the mediators of GMCSF, MIP-1α, IL-2, GRO/KC, IL-1α and TNF-α (Table
1).

It is well known that many signaling pathways associated with NFKB (or NF-κB), STAT,
and CEBP transcription factors are activated in various tissues due to the burn injury and
septic shocks [13, 17–19]. CEBP was identified as a putative transcription factor of IL-6,
IL-10 and TNF-α in this study (Table 1). NFKB which can be induced by over 150 different
stimuli can control the transcription of over 150 target genes mainly related to immune
systems, therefore this protein is assumed to be central mediator of immune response[23].
We identified that NFKB may participate in the control of 6 different inflammatory
mediators including GMCSF, IL-6, IL-13, IP-10, GRO/KC and RANTES. STAT family
which is mainly activated by anti-inflammatory mediators, such as IL-10, controls the
transcription of key proteins inhibiting many inflammatory proteins such as TNF-α, IL-6,
and IL-1. Herein, it has been identified that STAT family is putative transcription factors of
GMCSF, MCP-1, IL-10, IP-10, IL-1α and VEGF (Table 1). It has been already known that
STAT activation up-regulates the IL-10 and VEGF production [24]. IL-2, IL-6 and IL-18
might also be regulated by CREB (Table 1). CREB is known to be inhibiting NF-kβ
signaling activating the transcription of pro-inflammatory cytokines [25]. Interestingly,
IL-18 concentration was only increased following the CLP treatment (days 3 and 4 on
Figure 4) whereas no significant changes in other pro-inflammatory mediators were
identified in this group. IL-18 might also be controlled by ETS1 (Table 1). Similar to IL-18
profile, MCP-1 concentration was increased in S+CLP group on the 3rd and 4th days (Figure
4). Moreover, MCP-1 and GRO/KC exhibited the same dynamic profiles in S+SCLP and B
+CLP groups (Figures 3 and 6, respectively). ETS1 was identified as a putative transcription
factor of these two mediators as well (Table 1).

Discussion
In this study, we investigated long term responses of inflammatory mediators in the double
hit injury models of burn and sepsis. All animals were sacrificed in the same time periods so
that the concentration changes of inflammatory mediators can be comparable across the time
in each group. All animal groups had 100 % survival for at least 10 days following the
treatments. CLP caused ~10% weight loss in both burn and sham-burn animals. However,
after 24 hours, the animals started to regain weight at a rate similar to that of control group.
These observations are consistent with prior studies utilizing the similar models [26].

CLP is an animal model that mimics the physiological changes in human sepsis [27] and
clinically relevant since it induces inflammatory response. It has been previously shown that
single needle puncture produced systemic bacteremia [28]. Although its application is
straightforward, the outcome of CLP is closely associated with several factors during the
procedure. Major factors determining the mortality rate is the length of the cecum ligated
[27, 29], size of the needle and the number of punctures [30]. Rittirsch et al. [27] observed
that all rats died after single through and through puncture and large-grade ligation.
However, in our study, the cecal branch of the ileocecal artery was not ligated or blocked.
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This preserves the viability of the cecum itself, which increases the survival rate as seen in
our study or previously published observation by Banta et al. [26].

Cytokines are small signaling proteins which might show structural similarities and are
produced by different cell types or tissues. Cytokines are generally classified as pro and anti-
inflammatory cytokines, which are required for host defense, healing processes and
diminishing excessive inflammatory response which might result in tissue damage. Pro
inflammatory cytokines such as IL-1, TNF-α, and IL-18 activate signal transduction
pathways including NF-κβ, p38MAPK and JNK, which induce the host defense
mechanisms against infection [31], activates the cytokine cascade [32] and promotes the
expression or release of coagulation and adhesion molecules [33]. In the current study, long
term expression patterns of pro-inflammatory cytokines were found to be diverse
considering the all animal models. IL-18 was elevated only in S+CLP group on the 3rd and
4th days following the CLP treatment (Figure 4). On the other hand, TNF-α, a well-known
pro-inflammatory cytokine, was significantly increased in burn animals following the sham-
CLP treatment (B+SCLP group, Figure 5). IL-1α concentration only increased in B+CLP
group starting on the 4th day (Figure 6).

IL-6 is another well studied cytokine which has both pro- and anti-inflammatory properties.
In more severe injuries circulatory IL-6 level is generally elevated, which makes it a
potential marker in persistent inflammation. In this study, it concentrations were
significantly altered in B+SCLP and B+CLP groups (Figure 5 and 6), and more persistently
increased in more severe injury model, B+CLP, on 7th and 10th days. IL-6 has different
biological effects, including activation of B- and T- lymphocytes, induction of acute phase
production in the liver [32]. It has been shown that IL-6 suppresses the TNF-α and IL-1β
production in cell cultures and animal models [34–36]. IL-6 affects signal transducers g130,
LIF receptor and OSM receptor leading to activation of the JAK/STAT and MAPK cascades
[37]. IL-12 which is another important mediator exhibiting both pro- and anti-inflammatory
behavior is produced by monocytes, macrophages, dendritic cells, neutrophils and B cells
[38]. It is suggested that IL-12 activates JAK/STAT (STAT3, STAT4, STAT5), and MAPK
signaling pathways [39–44]. Compared to IL-6, IL-12 might be observed in less severe
injuries [15, 16]. In the current study, IL-12 concentration was only increased in S+SCLP
model (Figure 3) on the 4th and 7th days.

Among the anti-inflammatory cytokines, in this study it was identified that only IL-10 and
IL-13 concentrations were altered. The concentration of IL-13 was found to be decreased in
S+CLP groups (Figure 4) on the 4th and 7th days. IL-10 was only increased on the 4th day
following the sham-CLP treatment in burn animals (Figure 5). IL-10 is one of the most
important anti-inflammatory cytokine which has been profoundly studied to characterize the
immune responses in different animal models. IL-10 is capable of decreasing the IL-18
mRNA expression in monocytes [45]. IL-10 induces STAT3 activation which promotes the
transcription of Suppressor of Cytokine Signaling 3 (SOCS3), a negative feedback regulator
inhibiting many inflammatory cytokines such as TNF-α, IL-6, and IL-1. Although IL-10
concentration increased on the 4th day in B+SCLP group (Figure 5), no significant changes
in IL-10 concentration were observed in the long term analysis of B+CLP (Figure 6). The
reason might be to eliminate the excessive production of pro-inflammatory cytokines in B
+SCLP group which is a less severe injury model compared to B+CLP group. Interestingly,
TNF-α concentration which was up-regulated on the 3rd day in B+SCLP group was
decreased on the 4th day when the IL-10 concentration was increased (Figure 5). On the
other hand, the concentrations of IL-1α (a pro-inflammatory cytokine) and IL-6 mediators
started to be increased on the 4th day in B+CLP group (Figure 6) in which IL-10
concentration was not significantly changed.
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Chemokines, chemotactic cytokines (such as MIP, RANTES, VEGF, IP-10, MCP and GRO)
are mainly involved in recruiting a large variety of white blood cells to injured area. They
are structurally similar, and 20 to 70 percent homology in amino acid sequences can be
observed among them [46]. Chemokine receptors can be restricted to certain cells; however
the same receptor can be induced by different types of chemokines [46]. They interact with
G-protein coupled receptors to induce cell migration through binding proteins of Ras and
Rho families involved in cell motility [47, 48]. They also activate JAK/STAT signaling
pathways [49]. Due to the large degree of overlap in the underlying signaling pathways
activated by chemokines, it is difficult to differentiate the cellular responses of different
chemokines. In this study, it was identified that some of the chemokine patterns are specific
to injury models whereas some do not depend on the type and severity of the injury. For
example, in all injury models IP-10 concentration was decreased following the CLP or
sham-CLP treatments. MCP-1 concentration generally increased following the burn injury,
CLP and sham-CLP treatments in all groups. GRO/KC exhibited insult specific behavior. It
was persistently increased after sham-CLP treatment in S+SCLP group (Figure 3) between
3rd and 7th days. Interestingly, GMCSF and VEGF were also found to be decreased
persistently in S+CLP group after CLP treatment (Figure 4). On the other hand, GMCSF and
MIP-1α concentrations were increased on the 7th and 10th days in B+CLP group (Figure 6)
whereas these chemokines were increased on the 4th day in B+SCLP group (Figure 5).
RANTES also showed different patterns. It was more persistently increased in B+SCLP
group when compared to that of B+CLP group (Figures 5 and 6).

We have previously published short term responses of cytokines and chemokines within 24
h after the insult in single injury models receiving either burn injury or CLP [15], and in
double injury models which received burn injury followed 2 days later by CLP treatment
[16]. It was identified that most of the cytokines or chemokines up-regulated went back to
their baseline values at the end of 24 h post-injury period in all animal groups. MCP-1,
GRO/KC, and IL-18 are some important mediators which have been generally increased in
all groups just after the treatments within 24 h. When long term responses of these cytokines
were analyzed, MCP-1 exhibited more persistent elevation following the CLP treatment
between the 4th and 7th days (Figures 4 and 6). Interestingly, IP-10 and Leptin were found to
be decreased after CLP or sham-CLP treatment in single or double injury models within 24
h [15, 16]; however decrease in IP-10 concentration was found to be more persistent when
its long term response is analyzed (Figures 3, 4, 5 and 6).

Cytokines or chemokines are involved in signaling transduction networks where different
pathways are interconnected through various signaling and transcription factors. Although
chemokines or cytokines can elicit distinct cellular responses by activating certain pathways
depending on the cell type and the pathophysiological state, it is clear that cytokine-receptor
interactions result in very comprehensive signaling patterns since there is a large degree of
overlap between signaling molecules. In other words, a cytokine might activate its specific
transcription factor; however the upstream regulation of this specific transcription factor
might also activate or deactivate other transcript factors which might be important
regulatory proteins in the expression of other cytokine genes. Therefore, by exploring the
conserved regions in the promoters of cytokines/chemokines, we identified the putative
transcription factors of these mediators (Table 1). It was identified that ETS, STAT, NFKB,
SP1, SORY, and NFAT transcription factors were found to be associated with a significant
number of cytokines and chemokines. Although the mammalian regulatory landscape is
highly complex and redundant, our preliminary results showed possible interactions between
the transcription factors and inflammatory mediators. For instance, the profiles of MCP-1
and GRO/KC concentrations were found to be very similar in S+SCLP (Figure 3), and we
have identified that both mediators can be regulated by ETS1 (Table 1). Integrating in vivo
responses and bioinformatics tools to formulate critical regulatory interactions also provided
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possible targets for the experimental researches. A number of cytokines including IL-1α,
IL-6, MIP-1α, GMCSF and RANTES were found to be up-regulated at the late stage of
inflammatory response (7th and 10th days) of B+SCLP group which is a more severe injury
model compared to others (Figure 6). It is noteworthy to mention that most of these
mediators might be regulated by ETS1 (Table 1) which might be a central mediator of
immune response.

Proposing a therapeutic strategy for burn and septic patients by interfering with circulatory
inflammatory mediators is quite challenging due to the complex interactions of cytokines or
chemokines through a very redundant and interconnected network. Therefore, a
comprehensive understanding of the behaviors of inflammatory mediators following various
injuries is essential. In this study, we have observed that MCP-1 concentrations were
elevated in all animal models following the burn injury or CLP treatment. IP-10
concentration was persistently decreased after CLP or sham-CLP treatments. GRO/KC
concentration was also increased following the burn injury and CLP (Figure 6). Since we
used non-lethal animal models which eventually recover from the injuries, the inflammatory
response of host body to the injuries should be protective and under control. Therefore,
therapeutic effects of the mediators identified herein should be further investigated. In this
study, the long term profiles of the inflammatory mediators were also profoundly
characterized. In our previous studies [15, 16], we have already showed that a certain
number of mediators were up-regulated or down-regulated just after the insult within 24 h in
single injury and double injury models; however the majority of these mediators went back
to their baseline values at the end of 24 h post-injury period. Herein, we showed that the
concentrations of some of those mediators were changed in the late stage of inflammatory
response. In double hit injury model (B+CLP, Figure 6), GMCSF and MIP-1α
(chemokines), IL-1α (a pro-inflammatory cytokine) and IL-6 (exhibiting both pro- and anti-
inflammatory behaviors) were re-up-regulated on the 7th and 10th days, which might be to
protect the host systems from the subsequent consequences of burn and sepsis.

In conclusion, we examined the long term responses of serum cytokines and chemokines in
the animal models receiving burn injury and CLP. Furthermore, the putative transcription
factors were determined by analyzing the promoter regions of the cytokine genes whose
protein concentrations were significantly altered in the circulation following the injuries. We
tried to show that investigating cytokine expression patterns in different animal models and
integrating these responses with bioinformatics tools provide possible regulatory targets, i.e.
transcription factor-cytokine interactions, which enable to better characterize the highly
complex and redundant inflammatory network.

Highlights

• Double hit injury models of burn (B) and CLP have been investigated.

• Long term profiles of 23 different mediators have been characterized up to 10
days.

• Important mediators were up-regulated at the later phase in double-injury
models.
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Figure 1.
Experimental plan.
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Figure 2.
Animal weight changes with respect to time (n≥3). Animals receive first burn injury or sham
treatment on the 0th day and then CLP or shamCLP (SCLP) on the 2nd day. CLP
approximately caused 10 % weight lost on each animal within a day (see S+CLP and B
+CLP groups on the figure).

Orman et al. Page 14

Cytokine. Author manuscript; available in PMC 2013 May 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 3.
Chemokines and cytokines showing significant changes across the time in S+SCLP
group.A. P values of cytokines and chemokines obtained by ANOVA test. B. Heat map of
cytokines and chemokines significantly changed across the time (P<0.05). Green indicates
the lowest level while red indicates the highest and black average level.
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Figure 4.
Chemokines and cytokines showing significant changes across the time in S+CLP group.A.
P values of cytokines and chemokines obtained by ANOVA test. B. Heat map of cytokines
and chemokines significantly changed across the time (P<0.05). Green indicates the lowest
level while red indicates the highest and black average level.
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Figure 5.
Chemokines and cytokines showing significant changes across the time in B+SCLP
group.A. P values of cytokines and chemokines obtained by ANOVA test. B. Heat map of
cytokines and chemokines significantly changed across the time (P<0.05). Green indicates
the lowest level while red indicates the highest and black average level.
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Figure 6.
Chemokines and cytokines showing significant changes across the time in B+CLP group.A.
P values of cytokines and chemokines obtained by ANOVA test. B. Heat map of cytokines
and chemokines significantly changed across the time (P<0.05). Green indicates the lowest
level while red indicates the highest and black average level.
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