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ABSTRACT

Experimental sepsis in rodents occurring after cecal ligation/puncture (CLP) is associated with
excessive complement activation and a systemic inflammatory response. The proinflammatory
mediator IL-6 has recently been shown to be an important inducer of the C5a receptor (C5aR)
during sepsis. We now provide evidence that serum IL-6 production during sepsis in rats was
reduced in neutrophil-depleted animals and that absence of C5aR in mice as well as antibody-
blockade of C5a in rats significantly reduced serum levels of IL-6 during sepsis.
Lipopolysaccharide (LPS)-induced production in vitro of IL-6 by neutrophils was significantly
enhanced in the co-presence of C5a, likely due to transcriptional up-regulation of IL-6.
Production of IL-6 in neutrophils by LPS was NF-«B dependent (but not on the presence of p50)
and dependent on phosphorylation of p38-mitogen activated protein kinase (MAPK) as well as
p44/p42 MAPK (ERK1/2) but not on phosphorylation of c-Jun N-terminal kinases (JNK1/2).
C5a stimulation of neutrophils elicited a rapid phosphorylation of ERK1/2 and p38 MAPK.
Accordingly, we suggest that induction of IL-6 after CLP is neutrophil and C5a/C5aR dependent,
likely due to the ability of C5a to cause activation of ERK1/2 and p38 MAPK signaling
pathways.
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activated by antigen-antibody complexes and requires nine complement proteins. The

lectin pathway of complement activation is initiated by bacterial surface sugars
(mannose) via interaction with mannose binding lectin (MBL) protein in serum and subsequent
interaction with MBL activated serine proteases (MASPs), followed by engagement of C4 and
C2. The alternative complement pathway is activated by bacterial LPS and related products. All
complement activation pathways converge at the level of C3 and lead to the cleavage products,
C3a and C5a, as well as generation of the membrane attack complex, C5b-9. C5a is known to
exert numerous proinflammatory effects such as chemotactic responses of neutrophils (1),

Complement activation occurs after a variety of different stimuli. The classical pathway is



release of granular enzymes from phagocytic cells (2), production by neutrophils of superoxide
anion (3), vasodilatation, increased vascular permeability (4), and induction of thymocyte
apoptosis during sepsis (5, 6).

During the onset of sepsis, there is accumulating evidence for excessive production of C5a in
rodents and in humans (7, 8). In humans, C5a has been described as a serum marker that
correlates with the severity of sepsis (9). Recent reports provide compelling evidence for the
beneficial effects for blockade of either C5a or C5a receptor (C5aR, CD88) in experimental
sepsis (6, 10, 11), suggesting a harmful role of C5a in the outcome of sepsis.

IL-6 is a proinflammatory mediator, which has recently been demonstrated to be responsible for
up-regulation of C5a receptor (C5aR) in various organs during sepsis (12). It has been recently
shown that blockade of IL-6 with antibodies at the start of cecal ligation/puncture (CLP) greatly
improved survival in mice in a dose-dependent manner, in such way that too much or too little
anti-IL-6 was detrimental for survival. These experiments suggested a complex positive feedback
mechanism between IL-6 and C5a/C5aR activation during sepsis. Earlier reports with peripheral
blood mononuclear cells or Kupffer cells suggested that LPS-induced IL-6 production was
enhanced in vitro with addition of C5a (13, 14).

It is well known that inflammatory mediators like LPS induce NF-xB activation in neutrophils
(15) by employing signaling pathways that lead to phosphorylation of p38 mitogen activated
protein kinase (MAPK) (16). In monocytes, activation of p44/p42 MAPK [also referred to as
extracellular signal-regulated kinase (ERK1/2)] and c-Jun N-terminal kinases (JNK1/2) may be
involved in IL-6 production (17). C5a appears to be involved in NF-kB activation in monocytes
(18). There is limited information about the effects of C5a on the various signaling pathways in
neutrophils and the involvement of C5a in regulation of cytokine production, especially during
sepsis. In the current study, we investigated the effects of C5a on LPS-induced IL-6 in vitro
production in neutrophils and IL-6 levels in serum during CLP-induced sepsis. We also
investigated the underlying signaling pathways to elicit by C5a.

METHODS
Production of anti-CSa antibody

The C-terminal end of rat C5a (sequence: CTIADKIRKESHHKGMLLGR) corresponding to the
amino acids 58-77 was chosen for peptide synthesis, as described previously (19). The peptide
was then coupled to keyhole limpet hemocyanin and used for the immunization of goats and
production of anti-C5a. The anti-peptide specific antibody was affinity purified. Its cross-
reactivity with recombinant rat C5a was confirmed in Western blots.

Cloning and expression of rat C5a

Recombinant rat C5a was produced in our laboratory, using the pGEX expression vector for
GST gene fusion (Amersham, Pharmacia Biotech, NJ) (5).



Experimental CLP-induced sepsis

Specific, pathogen-free 300 g male Long Evans rats (Jackson Laboratories, Bar Harbor, ME)
were used for the studies as indicated. Anesthesia was achieved by intraperitoneal injection of
ketamine. In the CLP model, ~/5 of the cecum was ligated through a 3 cm abdominal midline
incision. The ligated part of the cecum was punctured through and through with a 21 gauge
needle. After the bowel was repositioned, the abdomen was closed in layers, using a 4.0 surgical
suture (Ethicon Inc., Somerville, NJ) and metallic clips. Where indicated, animals received
intravenously 500 pg anti-C5a IgG in 500 ul Dulbecco’s phosphate buffered saline solution
(DPBS) immediately after CLP. Control animals received similar amounts of normal goat IgG.
For studies in mice, CLP was performed similarly with exception of the ligation length, which
was ~% of the cecum. C5aR™" mice and back crossed littermate control mice (on the background
of C57B6) were generated and supplied by the laboratory of Dr. Rick Wetsel at the University of
Texas. NF-kB knockout mice, lacking the subunit p50, were purchased from Jackson
Laboratories.

Neutrophil isolation from rat whole blood and in vitro stimulation

Whole blood from rats was drawn from the inferior vena cava. Citrate was used as an anti-
coagulant (ACD from Baxter Health Care, Inc., Mundelein, IL). Neutrophils were isolated using
Ficoll-Paque gradient centrifugation (Pharmacia Biotech, Inc., Uppsula, Sweden) and dextran
sedimentation. Hypotonic red blood cell lysis was achieved using sterile H,O. Neutrophils were
resuspended in Dulbecco’s Modified Eagle Medium (DMEM; BioWhittaker Inc., Walkersville,
MD) containing 10% fetal calf serum. A final concentration of 4 x 10° cells/ml was used for
stimulation at 37°C for 2-4 h with C5a (10 nM) or lipopolysaccharide (LPS, 20 ng/ml), or both.
Supernatants were collected after pelleting the cells and frozen at -80°C until used for ELISA
analysis. For certain experiments, neutrophils were preincubated for 30 min with 20 uM of the
NF-kB activation inhibitor Bay 11-7082 (Calbiochem, San Diego, CA), or with MEK1/2
inhibitor U0126 (Cell Signaling Technology, Inc., Beverly, MA) inhibiting ERK1/2 activation,
or with p38 MAPK inhibitor SB 203580 (Upstate, Waltham, MA), or with (L)-JNK inhibitor 1
(peptide) or JNK inhibitor 2 SP600125 (Calbiochem, Biosciences Inc.). All concentrations were
based on directions from the manufacturers.

Isolation of mouse neutrophils

For isolation of neutrophils in mice, animals were injected with 3 ml 2.4% thioglycollate solution
(Difco Laboratories, Detroit, MI). Five hours later, they were killed and a 1 cm” patch of skin
was dissected from the abdominal muscles. The peritoneal cavity was injected with 10 ml of
DPBS three times for retrieval of neutrophils. Neutrophils were than counted using a light
microscope, centrifuged at 1800 rpm for 8 min, and resuspended in DMEM containing 10% fetal
calf serum.

Collection of serum samples from septic animals

After induction of sepsis, animals were killed at the indicated time points after CLP and blood
was drawn from the inferior vena cava. Blood samples were allowed to clot at 5°C for 4 h before



centrifugation at 4000 rpm for 15 min at 4°C. Serum was collected and immediately frozen at -
80°C until used for ELISA analysis.

Quantitation of IL-6 by ELISA

IL-6 levels of supernatant fluids from rat or mouse neutrophils were determined using ELISA
kits for rat/mouse IL-6 (Biosource Intl. Inc., Camarillo, CA), according to the instructions of the
manufacturer. Various dilutions for supernatant fluids from LPS and LPS + C5a stimulated
neutrophils were analyzed.

Western blot analysis

Neutrophils were isolated from healthy animals and stimulated at 37°C in vitro with C5a (10
nM) or LPS (20 ng/ml) or both. Approximately 2 x 10° cells per condition were then used for
whole cell lysis using Laemmli buffer containing 5% mercaptoethanol. Lysates were separated
on a NuPAGE 12% Bis-Tris gel (Invitrogen Inc., Carlsbad, CA), and proteins were then
transferred to a PVDF membrane. Membranes were incubated overnight with antibodies to
various phosphorylated and nonphosphorylated MAPK (Cell Signaling Technology, Inc.). For
detection of protein, enhanced chemiluminescence (ECL plus) was used (Amersham Pharmacia
Biotech Inc., Piscataway, NJ) according to the instructions of the manufacturer.

RT-PCR analysis for IL-6 gene transcription

Neutrophils were isolated and stimulated in vitro with either C5a (10 nM), LPS (20 ng/ml), or
LPS + C5a. Total RNA was isolated from ~20-30 x 10° cells per condition using the Trizol
method (Life Technologies Inc., Rockville, MD). Digestion of any contaminating DNA was
achieved by treatment of samples with RQ1 Rnase-free DNase (Promega, Inc., Madison, WI).
Reverse transcription was performed with 5 pug RNA, using the Superscript II RNase H™ Reverse
Transcriptase (Gibco BRL, Inc., Grand Island, NY). PCR was performed using primers, which
detected a 561 bp section of the rat IL-6 gene (Biosource Intl. Inc.). Primers for detection of the
“housekeeping” gene, GAPDH, were 5" primer, 5'-GCC TCG TCT CAT AGA CAA GAT G-3'
and 3’ primer, 5'-CAG TAG ACT CCA CGA CAT AC-3'. The RT-PCR product was confirmed
by electrophoresis of samples in 1.2% agarose gel. Control experiments were performed in
which reverse transcriptase was not added to the samples to rule out contaminating DNA being
responsible for any results.

Statistical analysis

All values were expressed as means + SE. Significance was assigned where P < 0.05. Data sets
were analyzed using Students ¢ test or using one-way ANOVA, with individual group means
being compared with the Student-Newman-Keuls multiple comparison test.

RESULTS
Effects of C5a on LPS-induced IL-6 production and gene transcription

We investigated the effects of C5a on LPS-induced IL-6 production using purified blood
neutrophils from healthy rats; 10 nM C5a significantly enhanced LPS (20 ng/ml)-induced IL-6



production in neutrophils at 2 and 4 h of in vitro stimulation (Fig. 14 and B). In these
experiments, 2 h of in vitro stimulation caused measurable IL-6 levels in supernatant fluids only
when neutrophils had been costimulated with C5a and LPS. At 4 h of incubation, the effect of
C5a on LPS-induced IL-6 production was additive. To investigate whether these findings were
due to transcriptional up-regulation of IL-6, RT-PCR experiments were conducted with total
RNA from neutrophils stimulated similar to those in Fig. 14. The data revealed C5a-induced
gene transcription for IL-6, especially in the LPS + C5a group, suggesting that the effects of C5a
were based on regulation of gene transcription of IL-6 in the presence of LPS (Fig. 1C and D).

Effects of blockade of C5a/C5aR ativation on serum IL-6 levels during sepsis

We sought to investigate the contribution of C5a and C5aR on IL-6 serum levels during CLP-
induced sepsis in rodents. IL-6 serum levels in CLP rats peaked at 6 h after CLP (Fig. 24). To
investigate the possible contribution of neutrophils to IL-6 serum levels, experiments were
conducted in neutrophil-depleted animals, using anti-neutrophil antibody or irrelevant IgG
injected 18 h intraperitoneally before induction of CLP. In neutrophil-depleted animals, serum
IL-6 levels were greatly reduced when compared with neutrophil-intact group, suggesting that
neutrophils in some manner contribute directly or indirectly to the appearance of IL-6 in serum 6
h after CLP (Fig. 2B). We further investigated the relationship of C5a to IL-6 serum levels in
animals using either control IgG or blocking IgG to C5a (anti-C5a), which was given
intravenously at the start of CLP. The anti-C5a treated group showed significantly lower serum
IL-6 levels 6 h CLP when compared with control IgG treated animals (Fig. 2C). To extend these
results, we conducted similar experiments in C5aR-deficient mice. C5aR™" animals showed
sharply reduced IL-6 serum levels 6 h after CLP, when compared with C5aR"”" mice (Fig. 2D).
These data suggest an important linkage in sepsis between C5a, C5aR, and IL-6 production.

NF-xB dependency of IL-6 production in neutrophils

To address the question of whether IL-6 production in neutrophils was NF-kB dependent, we
conducted experiments in which neutrophils had been preincubated with an NF-kB inhibitor
(blocking IkBa phosphorylation) before stimulation with LPS and C5a. IL-6 production in rat
neutrophils was completely suppressed with the NF-xB inhibitor (Fig. 34). With the use of
neutrophils from mice deficient in the NF-xB subunit, p5S0, neutrophils were stimulated in vitro
with either buffer control or LPS (Fig. 3B). Neutrophils from p50 knockout mice and littermate
controls produced similar levels of IL-6 after LPS stimulation when measured in cell
supernatants, suggesting that IL-6 production in neutrophils was not dependent on the NF-kB
subunit p50, even though IL-6 production is dependent on NF-kB activation (Fig. 34). This is
not too surprising since it is known that there are many active forms of NF-kB, involving both
homodimers and heterodimers.

Effects of C5a and LPS on activation of MAPK pathways in neutrophils

To investigate the underlying mechanisms for the observed effects of C5a in LPS-induced IL-6
production in neutrophils, we conducted Western blot experiments with whole cell lysates from
rat blood neutrophils that had been stimulated in vitro with LPS, C5a, or the combination for
various periods of time (5-60 min; Fig. 4). The data demonstrate that C5a caused rapid (within 5
min) phosphorylation of ERK1/2 (Fig. 44), p38 (Fig. 4B), and p46 of JINK1/2 (Fig. 4C). In the



case of ERK1/2 (Fig. 44) and JNK (Fig. 4C), phosphorylation was transient and observed 5 min
after in vitro stimulation but not at 15 min and thereafter. In contrast, p38 MAPK
phosphorylation in C5a-exposed neutrophils was observed at 5 min and remained 15 and 30 min
after in vitro stimulation with C5a (Fig. 4B8). LPS alone did not appear to induce phosphorylation
of ERK1/2 or JNK at any time point (Fig. 44 and C), although LPS-induced phosphorylation of
p38 was observed after 15, 30, and 60 min of incubation. At the 2 h period of incubation, no
phosphorylation of any of the kinases remained in any group (data not shown). These data
suggest that C5a is involved in rapid activation of all three kinase pathways and, in the case of
p38, caused sustained (up to at least 1 h) phosphorylation when cells were costimulated with LPS
and C5a.

Effects of signaling pathway inhibitors on IL-6 production in neutrophils

The experiments in Fig. 4 indicated that C5a could, after 4 h incubation with neutrophils, activate
all three MAPK pathways, while LPS alone only activated p38 MAPK in rat neutrophils.
Therefore, we investigated the ability of various signaling pathway inhibitors to block the
enhancing C5a effects on LPS-induced IL-6 generation in neutrophils. After preincubation 37°C
with various inhibitors for 30 min, neutrophils from normal rats were stimulated in vitro for 4 h
with C5a, LPS, or both. Doses of the kinase inhibitors were chosen at concentrations reported to
fully suppress phosphorylation of the kinase pathway. Inhibition with a MEK1/2 (which is
upstream of ERK1/2) inhibitor or an inhibitor of p38 resulted in greatly suppressed IL-6
production in neutrophils (Fig. 54 and D). In these experiments, C5a induced phosphorylation of
both ERK1/2 and p38. This phosphorylation was inhibited in cells pretreated with inhibitors of
ERK1/2 or p38. High concentrations of the JNK1 inhibitor or the JNK2 inhibitor had limited or
no inhibitory effects on IL-6 levels, even though C5a-induced phosphorylation of JNK was
inhibited by both of these compounds (Fig. 5B and (). These results suggest that the enhancing
effects of C5a on LPS-induced IL-6 production in neutrophils may be linked to phosphorylation
of ERK1/2 and p38 MAPK but not INK1/2.

Effects of combined inhibition of p38 and ERK1/2 on LPS-induced IL-6 production in
neutrophils

The experiments depicted in Fig. 5 indicated that LPS-induced IL-6 production in neutrophils
required p38 and ERK1/2 activation. To further investigate the contribution of these pathways
for C5a- and LPS-induced IL-6 production, we conducted similar experiments in which
neutrophils were preincubated with increasing concentrations of each inhibitor and then
stimulated, as depicted in Fig. 64 and B. IL-6 production with inhibition of either MEK1/2 or
p38 was dose dependent on the concentration of the inhibitor, with progressive inhibition of
LPS-induced IL-6 production in neutrophils. Preincubation of neutrophils with the combination
of inhibitors of MEK1/2 (1 uM) and p38 (0.1 uM) resulted in additive suppression of IL-6
generation in neutrophils (Fig. 6C). Under such conditions, C5a still elicited significant additive
effects on LPS-induced production. These data suggest that both p38 and ERK1/2 pathways are
involved in LPS-induced production of IL-6 in neutrophils.



DISCUSSION

IL-6 production during experimental sepsis has recently been demonstrated to be harmful in
rodents (12). IL-6 production appeared to be closely linked to up-regulation of C5aR in various
organs during sepsis, which might explain the harmful effects of IL-6 during sepsis and might be
linked to multi-organ failure (6). In the current study, we demonstrate that LPS-induced IL-6
production in neutrophils is amplified in the co-presence of C5a (Fig. 1). We further demonstrate
that in vivo serum levels of IL-6 are clearly reduced when C5a is blocked or, alternatively, when
C5aR is genetically absent (Fig. 2). Neutrophil-depleted animals showed clear evidence of
reduced serum levels of IL-6 hours after CLP, suggesting that at this time point, neutrophils may
be directly or indirectly linked to elevated serum levels of IL-6. It seems possible that early C5a
generation during sepsis may lead to significantly enhanced IL-6 production by neutrophils and
other cells (20), which, in turn, will cause C5aR up-regulation in various organs, possibly setting
the stage for increased susceptibility toward C5a-related multi-organ failure (11).

C5a induced enhancement of LPS-induced IL-6 production in vitro has been described in
monocytes (14) in which IL-6 generation was found to be NF-kB dependent (21) and required
activation of the ERK pathway as well as JNK pathway (17). Similarly, C3a and N-formyl-Met-
Leu-Phe (fMLP) enhanced IL-6 production in peripheral blood mononuclear cells (20, 22),
suggesting a common pattern for G-protein coupled receptor mediated regulation of cytokine
production in these cells. C5a has been reported to induce NF-kB activation in monocytes (18).
In neutrophils, LPS has been shown to induce p38 activation (23). However, little is known
about the effects of C5a on regulation of cytokine production in neutrophils or the signaling
pathways leading to IL-6 production in neutrophils.

LPS-induced IL-6 production in neutrophils was dependent on NF-kB activation (but not on the
presence of its subunit, p50; Fig. 3) and was also dependent on p38 activation as well as ERK1/2
activation (phosphorylation) (Figs. 5 and 6) but not on engagement of JNK1/2. In tubular
epithelial cells of the kidney, LPS-induced generation of IL-6 was dependent on activation of
both p38 MAPK and ERK (24). Similar findings have been made in human osteoblasts, but in
these cells IL-6 production was dependent on AP-1 activation and not on NF-kB activation (25),
suggesting that different cell types employ different transcription factors for IL-6 synthesis even
though the same MAPK pathways are involved. It is possible that activation of ERK1/2 and p38
results in a final common step involving activation of mitogen and stress activated kinase 1/2
(MSK1/2) (26), the end result of which is IL-6 production.

To understand the underlying mechanisms for the additive effects of C5a on LPS-induced IL-6
production in neutrophils in greater detail, we investigated the effects of C5a on activation of
various signaling pathways in neutrophils. We found that C5a caused rapid phosphorylation of
all three pathways (p38, ERK1/2, and JNK), with phosphorylation usually being brief or in the
case of p38 being longer lasting (Fig. 4). However, when signaling pathways were blocked by
specific inhibitors, the enhancing effects of C5a on LPS-induced IL-6 production could still be
observed, albeit reduced (Figs. 5 and 6). We interpret these data to suggest that C5a causes
enhanced phosphorylation and activation of p38 and ERK1/2, thereby enhancing LPS-induced
IL-6 production via NF-kB activation.



We have recently demonstrated that compromised innate immune functions of neutrophils (H,O,
production, chemotaxis, and phagocytosis) during sepsis are restored in rodents undergoing
antibody-induced blockade of C5a (11, 27). It seems that C5a might be responsible for
compromised neutrophil function during human sepsis (28). Recent findings by our group
suggest that C5a stimulation of neutrophils leads to decreased LPS-induced TNF-a production in
neutrophils, whereas in alveolar macrophages, C5a exerts the opposite effect, namely, increases
LPS-induced TNF-a production (29). These and other findings in neutrophils underscore their
unique role and importance during the onset of sepsis. Our data suggest that neutrophils may
directly or indirectly be a significant source of serum IL-6 appearing during sepsis.

In conclusion, we report the enhancing effects of C5a on LPS-induced IL-6 production in
neutrophils and the systemic implications of this phenomenon during the onset of sepsis. C5a
may have significant affects on mediator-induced production of IL-6 in neutrophils, linked to
C5a involvement in rapid activation of various signaling pathways that lead to NF-kB activation
and are essential for IL-6 generation by neutrophils. There is now accumulating evidence for an
important role of C5a for regulation of neutrophil functions and mediator production during
sepsis. Understanding the underlying intracellular mechanisms for the regulatory roles of C5a
may lead to new therapeutic targets for the treatment of sepsis.
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Figure 1. C5a effects on LPS-induced IL-6 production and gene transcription in neutrophils. ELISA experiments
from neutrophil supernatant fluids (A, B). Neutrophils were isolated from rat blood:; 4 x 10° cells/ml were then incubated in
vitro with C5a (10 nM), LPS (20 ng/ml), or C5a+ LPSfor 2 h (A) or 4 h (B) at 37°C. Data are representative of 4
independent experiments with neutrophils being pooled from 6-8 animals per study; incubation and analysis were carried
out in separate quadruplicate samples. C) RT-PCR experiments with total RNA from rat neutrophils, stimulated as depicted
with concentrations (as described in the text) for 2 h at 37°C. Shown are results for IL-6 gene transcription and GAPDH as
aloading control, as well as accompanying densitometry analysis. D) Densitometric measurements of the Northern blot
(C). Each dataset is representative of 2 independent experiments with neutrophils pooled from 8 rats per study.
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Figure 2. Effects of blockade of C5a/C5aR activation on serum IL-6 levels during sepsis. A) ELISA analysis of rat
serum samples at various time points after CLP. Data are representative of 4-6 different serum samples per group.

B) ELISA analysis of plasma samplesfor |L-6 from neutrophil-depleted rats 6 h after CLP. Neutrophil-depletion was
achieved by intraperitoneal injection of anti-neutrophil antibody 18 h before CLP. Data are representative of 4-5 animals
per group. C) IL-6 ELISA analysis of rat serum samples 6 h after CLP in animals treated intravenously with anti-C5a IgG
(500 pg/rat) or equal amounts of irrelevant 1gG at the start of CLP. Data are representative of 6 different serum samples per
group. D) IL-6 ELISA analysis of serum samples from C5aR "~ and C5aR"* mice 6 h after CLP. Data are representative of
4 different animals per group.
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Figure 3. NF-kB dependency of |L-6 production in neutrophils. A) ELISA analysisfor IL-6 content from rat
neutrophils stimulated for 4 h at 37°C as depicted, with agonist concentrations similar to those described in Fig. 1.
Neutrophils were prestimulated with either DM SO control or 20 uM NF-xB inhibitor (Bay 11-7082) for 30 min before
stimulation. Data are representative of 2 independent experiments. Neutrophils were pooled from 6-8 donor animals per
study; incubation and analysis were carried out with quadruplicate samples. B) ELISA analysis of mouse IL-6in
supernatant fluids from peritoneal neutrophils stimulated with LPS (20 ng/ml), LPS + C5a (10 nM) or buffer control for 4 h
at 37°C. Fluids from neutrophils of NF-kB —/— (p50 deficient) mice and NF-xB +/+ mice were analyzed. Data are
representative of experiments with neutrophils pooled from 3 mice and carried out in separate quadruplicates.
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Figure 4. Effects of C5a and L PS on activation of MAPK pathwaysin neutrophils. Western blot analysis of
neutrophil whole cell lysates from cells stimulated for various time points (as depicted) at 37°C with C5a (10 nM), LPS (20
ng/ml), or both. Activation (presence of phosphorylated forms) is demonstrated in ERK1/2 (p44, p42) (A), p38 MAPK (B),
and INK1/2 (p54, p46) (C). The blots are representative for 2-3 independent experiments, each conducted with neutrophils
pooled from 4-6 rats.
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Figure 5. Effects of MAPK pathway inhibitorson IL-6 production in neutrophils. ELISA analysisfor IL-6in rat
neutrophil supernatant fluids after 4 h stimulation at 37°C with C5a (10 nM), LPS (20 ng/ml), or both, and accompanying
Western blots from matching whole cell lysates of neutrophils stimulated, asindicated, for 5 min. A) Effects of
preincubation for 30 min with 20 uM MEK1/2 inhibitor (U0126). B) Effects of preincubation for 30 min with 5 uM JNK-1
inhibitor 1 (L-form peptide). C) Effects of preincubation for 30 min with 20 uM JNK-2 inhibitor 2 (SP600125). D) Effects
of preincubation for 30 min with 20 uM p38 MAPK inhibitor (SB203580). Data are representative of 2-3 independent
experiments with neutrophils pooled from 4-6 rats and stimulated in separate triplicates. * Statistical significant difference
from the LPS-only treated group.
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Figure 6. Effects of p38 and ERK 1/2 inhibition on L PS-induced IL-6 production by neutrophils. ELISA analysis for
IL-6 supernatant fluids from rat neutrophils. Cells were stimulated in vitro for 4 h at 37°C with LPS (20 ng/ml), or LPS
plus C5a (10 nM). A) Effects of pretreatment of neutrophils for 30 min with various doses of p38 MAPK inhibitor
(SB203580). B) Effects of pretreatment of neutrophils for 30 min with various doses of MEK 1/2 inhibitor (U0126).

C) Effects of pretreatment for 30 min with p38 MAPK inhibitor (0.1 uM), MEK1/2 inhibitor (1 uM), or both. * Significant
statistical differences between the LPS and the C5a + LPS treated groups. #Significant statistical difference of the
combined (p38 + MEK 1/2) inhibitors as compared with the single inhibitor (either p38 or MEK 1/2). Data are
representative of 2-3 independent experiments with neutrophils pooled from 4-6 rats. Stimulation and analysis were carried
out using triplicate samples.



