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Abstract
Severe sepsis involves massive activation of the innate immune system and leads to high
mortality. Previous studies have demonstrated that various types of Toll-like receptors (TLRs)
mediate a systemic inflammatory response and contribute to organ injury and mortality in animal
models of severe sepsis. However, the downstream mechanisms responsible for TLR-mediated
septic injury are poorly understood. Here, we show that activation of TLR2, TLR3 and TLR4
markedly enhanced complement factor B (cfB) synthesis and release by macrophages and cardiac
cells. Polymicrobial sepsis, created by cecal ligation and puncture (CLP) in a mouse model,
augmented cfB levels in the serum, peritoneal cavity and major organs including the kidney and
heart. CLP also led to the alternative pathway (AP) activation, C3 fragment deposition in the
kidney and heart, and cfB-dependent C3dg elevation. Bacteria isolated from septic mice activated
the serum AP via a factor D-dependent manner. MyD88 deletion attenuated cfB/C3 up-regulation
as well as cleavage induced by polymicrobial infection. Importantly, during sepsis, absence of cfB
conferred a protective effect with improved survival and cardiac function, and markedly
attenuated acute kidney injury. cfB deletion also led to increased neutrophil migratory function
during the early phase of sepsis, decreased local and systemic bacterial load, attenuated cytokine
production and reduced neutrophil reactive oxygen species production. Together, our data indicate
that cfB acts as a downstream effector of TLR signaling and plays a critical role in the
pathogenesis of severe bacterial sepsis.

Severe sepsis is defined as systemic inflammatory response syndrome occurring during an
infection with at least one acute organ dysfunction (1). Between 1993–2003, age-adjusted
hospitalization rate for severe sepsis doubled and age-adjusted population based mortality
rate increased two-thirds in the United States (2). While the current therapy with fluid
resuscitation, antibiotics coverage and vasopressors offers survival benefit (3), more
effective and specific treatment of sepsis is lacking and mortality remains high (4).

¶This work was supported in part by NIH grants R01-GM080906, R01-GM097259, R01-DK076690, R01-AI041592 and a grant from
International Anesthesia Research Society (IARS).

Address correspondence to: Wei Chao, M.D., Ph.D., Massachusetts General Hospital, 149, 13th Street, Room 4.212, Charlestown,
MA 02129, USA, Phone: 617-724-3267; Fax: 617-724-0580, wchao@partners.org.

Disclosures
The authors declare no competing financial interest.

NIH Public Access
Author Manuscript
J Immunol. Author manuscript; available in PMC 2014 December 01.

Published in final edited form as:
J Immunol. 2013 December 1; 191(11): 5625–5635. doi:10.4049/jimmunol.1301903.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Therefore, a better understanding of the molecular pathogenesis of sepsis is clearly needed
in order to develop novel and more effective therapeutic strategies.

Both Toll-like receptors (TLRs) and the complement system are critical parts of innate
immunity (5, 6). While they have been well studied as separate components in the host
defense (7), the interplay between the two components under the pathological conditions
such as severe polymicrobial sepsis and their possibly intertwined role in sepsis-induced
tissue injury and organ failure are poorly understood. TLRs recognize invading pathogens
via pattern recognition (8). Previous studies have demonstrated that TLRs mediate a
systemic inflammatory response and contribute to high mortality in animal models of
polymicrobial sepsis (9–14), but the downstream mechanisms leading to the TLR-mediated
septic injury require further study.

There are three separate but convergent pathways of complement activation, i.e., classical,
lectin, and alternative pathway (AP) (7). Complement factor B (cfB) is a necessary
component of the AP. Targeted deletion of cfB leads to abrogation of the AP (15). cfB
appears to have a property of inducing cell injury. For instance, cfB mediates endotoxin-
triggered cardiomyocyte sarcolemmal injury in vitro (16) and ischemia-induced apoptosis in
the kidney (17). Emerging pre-clinical and clinical data suggest the existence of crosstalk
between the two innate immune components (18–21) and a possible role for cfB in sepsis
(22, 23). For example, complement promotes TLR-induced interleukin-6 production and T-
helper 17 cell differentiation (19). In mouse macrophages (20) and cardiomyocytes (16), cfB
is up-regulated by LPS-induced TLR4 activation. Patients with severe sepsis have increased
cfB mRNA expression in monocytes (22) and activation of the AP (23). However, the
mechanisms by which cfB is regulated and its role in the pathogenesis of severe bacterial
sepsis and organ injury remain unknown.

Here, we hypothesized that cfB acts as a downstream effector of TLR signaling and plays a
critical role in severe polymicrobial sepsis. We tested the specific role of TLR signaling in
cfB gene and protein expression in immune cells and cardiomyocytes in vitro and in a
mouse model of polymicrobial sepsis in vivo. We examined the AP activation during
polymicrobial infection. We studied the impact of cfB genetic deletion on sepsis-related
mortality and organ injury, and explored the putative underlying mechanisms.

Materials and Methods
Animals

Eight to 12 week-old gender and age-matched mice were used for the studies. TLR4-def mice
(C57BL/10ScCr), wild type (WT) control (C57BL/10ScSn) for TLR4-def, and C57BL/6J
WT mice were purchased from the Jackson Laboratories and housed in a Massachusetts
General Hospital (MGH) animal facility for at least one week before experiments. TLR2−/−,
Trif−/−, MyD88−/− and cfB−/− mice, all in C57BL/6 background, were previously described
(15, 24–26). MyD88−/− mice and WT controls were provided water supplemented with
sulfamethoxazole (4 mg/ml) and trimethoprim (0.8 mg/ml). Antibiotics were stopped for at
least two weeks prior to experiments. All animals were housed in pathogen-free,
temperature-controlled, and air-conditioned facilities with 12 h/12 h light/dark cycles and
fed with the same bacteria-free diet. All animal care and procedures were performed
according to the protocols approved by the Subcommittee on Research Animal Care of
MGH and are in compliance with the “Guide for the Care and Use of Laboratory Animals”
published by the National Institutes of Health.
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Macrophage and cardiac cell isolation and culture
Macrophages—Bone marrow cells were harvested from mouse tibias and femurs,
cultured, and differentiated into macrophages in the presence of macrophage colony-
stimulating factor (M-CSF) as described previously (27). Briefly, cells were isolated and
resuspended in RPMI 1640 medium supplemented with 10 ng/ml of M-CSF, 5% fetal
bovine serum, 10% horse serum, and penicillin (100 U/ml)-streptomycin (100 μg/ml). Three
days later, culture media were changed, and macrophages were used for experiments at day
5.

Cardiac myocytes and fibroblasts—Mouse and rat neonatal cardiomyocytes (CM)
were prepared as described previously with minor modifications (27). Briefly, the hearts
were isolated, dissected from major vessels, and cut into appropriate size pieces. Heart
tissues were then incubated in ADS buffer (pH 7.35, 116 mM NaCl, 20 mM HEPES, 0.8
mMNa2HPO4, 5.6 mM glucose, 5.4 mM KCl and 0.8 mMMgSO4) containing 0.3 mg/ml
collagenase 2 (Worthington, Lakewood, NJ) and 0.45 mg/ml pancreatin (Sigma, St. Louis,
MO) at 37 °C for 10–12 min (mouse tissues), or containing 0.4 mg/ml collagenase 2 and 0.6
mg/ml pancreatin at 37 °C for 7 min (rat tissues). Cells in suspension were removed and the
remaining myocardial tissues were further incubated with the enzyme buffer for five more
times until all tissues were digested. Cells in suspension were centrifuged and resuspended
in DMEM/Ham’s F-12 containing 20% FBS, 4.5% D-glucose, and penicillin/streptomycin.
Attached cardiac fibroblasts were removed after plating cells on dishes for 80 min. For
cardiac myocyte cultures, plates were pre-coated with 5 μg/ml of fibronectin and 20 μg/ml
of gelatin (Sigma, St. Louis, MO). Fibroblasts were passaged and plated. Cardiac myocytes
and fibroblasts were incubated in 5% CO2 incubator at 37 °C for two days prior to
experiments.

RNA extraction and qRT-PCR
Total RNA was extracted using TRIzol reagent and cDNA synthesized by reverse-
transcriptase reaction. mRNA was quantified using qRT-PCR as described previously (28).
The sequences of all primers used in the study are listed in supplemental Table I.

cfB and C3 immunoblotting
For tissue samples, animals were euthanized and perfused with 10 ml of cold PBS
systemically. Hearts were further perfused from aorta to remove coronary blood. All
harvested organs were freshly frozen in liquid nitrogen. Tissue powders or cell pellets were
suspended in NP-40 lysis buffer supplemented with complete protease inhibitor cocktails
(Roche Diagnostics, Indianapolis, IN). The supernatants from homogenates were quantified
for protein concentration by Bradford method. The same amounts of tissue proteins, diluted
serum, lavage supernatant or cell culture media were fractionated by SDS-PAGE under
reducing conditions and blotted with goat anti-human cfB antibody (Complement
Technology, Inc, Texas) or goat anti-mouse C3 antibody (MP Biomedicals). HRP-
conjugated donkey anti-goat IgG (Sigma) was used as the second antibody. Bands were
visualized using Luminata Forte Western HRP substrate (Millipore Corporation, Billerica,
MA).

cfB and C3 immunohistochemistry
The hearts and kidneys were fixed with formalin and paraffin-embedded. Tissue cfB and
C3/C3 fragment expressions was detected immunohistochemically. The sections were
pretreated with enzyme 1 from Bond Enzyme pretreatment Kit (Leica Microsystems Inc.,
Buffalo Grove, IL) for 5 min (cfB) or 10 min (C3), and incubated with either anti-cfB
antibody (Quidel Inc., San Diego, CA) at a dilution of 1:2000, or anti-C3 antibody (MP
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Biomedicals Headquarters, Santa Ana, CA) at a dilution of 1:1600 for 15 min. Signals were
detected with the Leica Bond Polymer ReFine Detection KiT DS 9800 (Leica Microsystems
Inc., Buffalo Grove, IL). Appropriate positive controls and negative controls were stained as
well.

Mouse model of polymicrobial sepsis
A clinically relevant rodent model of sepsis was created by cecal ligation and puncture
(CLP) as has been described previously (10, 28, 29). Briefly, mice were anesthetized with
ketamine (100 mg/kg) and xylazine (4 mg/kg). Abdominal cavity was opened in layers. The
feces were gently migrated to fill the distal part of the cecum. The cecum was ligated 1.0 cm
from the tip. A through and through puncture was made with an 18-gauge needle and a small
amount (droplet) of feces was extruded to ensure the patency of the puncture site before
returned it back to the abdominal cavity. The sham-operated mice underwent laparotomy but
without CLP. The abdominal wall incision was closed in layers. After surgery, pre-warmed
normal saline (50 ml/kg body weight) was administered subcutaneously. Postoperative pain
control was managed with subcutaneous injection of bupivacaine (3 mg/kg) and
buprenorphine (0.1 mg/kg).

Anti-cfB antibody administration
The monoclonal anti-mouse cfB (mAb1379) has been characterized previously (30, 31).
Mice were administrated i.p.1 mg of mAb1379 or equal amount of control mouse IgG
(Jackson ImmunoResearch, West Grove, PA) 1 h before and 12 h after sham or CLP
surgeries. Serum or peritoneal lavage was collected for AP activity assay at the designated
time points after the procedures. In separate experiments, kidneys were perfused with cold
PBS and analyzed for neutrophil gelatinase-associated lipocalin (NGAL) and kidney injury
molecule 1 (KIM-1) mRNA expression by qRT-PCR.

Mortality
Mice subjected to CLP were observed every 6 h during the first 2 days and every 12 h
thereafter for up to 14 days.

Cardiac function assessement
Cardiac function was assessed in a Langendorff perfusion system as described previously
(10).

Flow cytometry analysis of peritoneal neutrophils
Gr-1+ neutrophils were quantified by flow cytometry (gated on Gr-1 expression) as
described previously(28).

Phagocytosis assay
The phagocytic function of Gr-1+ neutrophils in the peritoneal cavity was analyzed as
described previously (28).

Multiplex cytokine immunoassays
Cytokine concentrations of plasma and peritoneal supernatants were determined using a
fluorescent bead-based multiplex immunoassay (Luminex Co., Austin, TX) as previously
described (10, 28).

Bacterial clearance determination
Peritoneal and blood bacterial colony counts were determined as previously described(28).
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Detection of intracellular ROS
For ex vivo studies, peritoneal cells were harvested 12 h after sham or CLP surgeries. Cells
(5 ×105) were incubated with 10 μM of redox sensitive dye dichlorodihydrofluorescein
diacetate (DCF, Molecular Probes) at 37 °C for 30 min and measured in FITC channel of
flow cytometry. Intracellular ROS was expressed as mean fluorescence intensity (MFI) as
previously described(28). For in vitro studies, peritoneal lavage was harvested after 1.5 ml
of RPMI 1640 with 0.05% BSA was injected into the peritoneal space. Five × 105 bone
marrow-derived neutrophils (28) were treated with 100 μl of the lavage fluid at 37 °C for 2.5
h followed by incubation with 10 μM of DCF as above.

Complement alternative pathway activity assay
AP activity in mouse serum or peritoneal lavage was assayed as described previously with
minor modifications (30–32). Briefly, 10 mg of zymosan particles (Sigma-Aldrich, St.
Louis, MO) in 2 ml of 0.15 M NaCl were first activated by boiling for 60 min and then
washed twice in PBS. Bacterial colonies were isolated from the blood and peritoneal lavage
of CLP mice and cultured in a standard Luria-Bertani medium. The number of bacteria in
solution was calculated by OD600 reading (OD600 of 1.0 = 8 × 108 cells/ml) taken with a
spectrophotometer. For each AP activity assay of serum samples, 1 × 107 zymosan particles
or bacteria were added to an assay tube in the presence of 10 mM EGTA (to block the
classic and lectin complement pathways) and 5mM MgCl2. Ten microliters of mouse serum
as described in the text (Fig. 3, Fig. S1, Fig. S2a) were added and all samples were brought
to 100 μl with Ca2+/Mg2+-free PBS. Assay mixtures were incubated at 37°C for 30 min and
reactions were stopped by placing the tubes on ice. The zymosan particles or bacteria were
centrifuged. The supernatants containing particle-free proteins such as cfB, C3, and their
cleaved fragments were removed and frozen for later immunoblotting analysis (below). The
zymosan and bacteria pellets were used to measure C3 deposition with flow cytometer
(below). For lavage samples (Fig. S2b and S3b–c), 100 μl of lavage supernatant was
incubated with 1 × 107 zymosan particles at 37°C for 30 min in a mixture containing 10 μl
of cfB−/− mouse serum as complement source in the presence of 5 mM of MgCl2 and 10
mM of EGTA in Ca2+/Mg2+-free PBS. To quantify the AP activity, C3 deposition on the
zymosan or bacteria particles was detected with an FITC-labeled antibody to C3 (MP
Biomedicals, Solon, OH) diluted in 1:100 and fluorescence was measured by flow
cytometry. Supernatants from the serum AP reaction were also analyzed by immunoblotting
to determine the extent of cfB and C3 cleavage. Four μl of the supernatant was mixed with
sample buffer under reducing condition and proteins were separated in 4–12% SDS-PAGE.
cfB/cfB fragments and C3/C3 fragments were blotted and detected as described above. cfD
was blotted with sheep anti-mouse antibody (R&D Systems, Inc., Minneapolis, MN ).

Caspase-3 activity assay
Twelve h after surgery, spleens were harvested and immediately frozen in liquid nitrogen.
Tissue powder was suspended on ice using lysis buffer provided by caspase-3 fluorescence
assay kit (R&D Systems, Minneapolis, MN) as described previously (27). The same amount
of protein was assayed for caspase-3 activity.

Statistical analysis
Statistical analysis was performed using GraphPad Prism 5 software. Unless stated
otherwise, the distribution of the continuous variables were expressed as the mean ± SE.
Cytokine production was analyzed by Student’s t-test. The P values of bacterial clearance
analysis was applied on the log10 scale and based on the Student’s t-test. All other data were
analyzed by two-way ANOVA with Bonferroni post hoc tests for statistic significance
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unless stated otherwise. The null hypothesis was rejected for P < 0.05 with the two-tailed
test.

Results
TLRs specifically mediate cfB production in immune and cardiac cells

Pam3cys (a TLR2 ligand) and LPS (a TLR4 ligand) induced a marked induction of cfB
mRNA expression in WT bone marrow-derived macrophages (Fig. 1a). Absence of TLR2
abolished the effect of Pam3cys whereas TLR4-deficiency blocked that of LPS. MyD88
deletion completely blocked Pam3cys-induced cfB expression and partially LPS’s effect.
TIR domain-containing adaptor inducing IFN-β mediated transcription factor (Trif)-
deficiency partially blocked LPS’s effect and had no effect on TLR2-induced cfB expression
(Fig. 1a). Both TLR2 and TLR4 ligands also induced cfB protein expression in macrophages
(Fig. 1b). While serum complement is mainly produced in liver (33), prior studies have
suggested that other parenchymal tissues, such as the kidney or heart, or myeloid cells,
locally produce components that may play a prominent role in renal and cardiac injury (16,
17, 34, 35) or in host defense against pathogen (36), respectively. To test the ability of TLR
ligands to induce cfB expression in cardiac cells, we treated cardiomyocytes isolated from
WT, TLR2−/− and TLR4-def mice with Pam3cys or LPS. Similar to macrophages, both
Pam3cys and LPS led to a robust increase in cfB and a relatively modest increase in C3 gene
expression, but had no effect on C4 and C5 expression (Fig. 1c). TLR2 or TLR4 deficiency,
respectively, completely blocked Pam3cys- or LPS- induced cfB and C3 gene expression in
cardiomyocytes (Fig. 1c). Moreover, stimulation of TLR2 (Pam3cys), TLR3 (poly I:C) or
TLR4 (LPS), but not TLR9 (CpG), induced a marked increase in cfB gene (Fig. 1d) and
protein expression in rat cardiomyocytes and cardiac fibroblasts (Fig. 1e). Importantly, both
cardiomyocytes and cardiac fibroblasts also released a significant amount of cfB into the
culture media (Fig. 1e). Together, these data suggest that signaling via different TLRs
including those of TLR2, TLR3 and TLR4, specifically induced marked cfB production in
three distinct types of cells, i.e., macrophages, cardiomyocytes and cardiac fibroblasts.

cfB is up-regulated during polymicrobial sepsis
We used cecal ligation and puncture (CLP) as the clinically relevant model of polymicrobial
sepsis. We examined organs and found that, at baseline, the liver had the highest and the
heart the lowest cfB gene expression (data not shown). However, 24 h after CLP, the heart
had the most robust cfB mRNA response (21-fold) compared with the other organs
examined (Fig. 2a), whereas the kidney had a most increase in C3 (7-fold) and the liver in
C5 (8-fold) gene expression. Importantly, immunoblotting demonstrated that CLP induced a
time-dependent up-regulation of cfB protein in the heart, lung, kidney, liver and spleen (Fig.
2b). Immunohistochemistry analysis demonstrated a basal level of cfB in the kidney of the
sham mice, particularly in the tubular cells of the cortex, but very little in the heart. Two
days after CLP, there was a marked increase in cfB protein localized in the heart and in renal
tubular cells in cortex as well as in medulla as compared with that of sham or cfB−/− mice
(Fig. 2c). To determine the role of TLR signaling in the sepsis-induced cfB expression, WT,
TLR2−/−, TLR4-def, MyD88−/− and Trif−/− mice were subjected to sham or CLP surgery. In
the heart, while CLP induced a marked increase in cfB gene expression, there was no
difference between WT and mice deficient in TLR2, TLR4 or Trif (Fig. 2d). However,
absence of MyD88 led to a significant attenuation in cardiac cfB gene and protein
expression following CLP (Fig. 2d–e). Taken together, these data suggest that polymicrobial
sepsis increases tissue cfB levels in the heart and kidney and that at least in the heart, the
sepsis-induced cfB production is partially mediated through a MyD88-dependent
mechanism.
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Polymicrobial sepsis leads to AP activation
Twenty-four and 48 h after CLP procedure, there was an increase in cfB and Ba fragments
in both serum and peritoneal lavage samples in WT but not in cfB−/− mice (Fig. 3a)
indicating enhanced AP activity during sepsis. To investigate the mechanism by which
polymicrobial infection induces AP activation, we tested the role of cfD in serum AP
activation induced by pathogens in an in vitro system. In the presence of Mg2+ and EGTA
(to block classic and lectin pathways), zymosan or bacteria isolated from the blood and
peritoneal lavage of septic mice led to robust AP activation in WT serum as demonstrated by
cfB and C3 cleavage (Fig. 3b) and marked C3 deposition on zyomsan or bacteria,
respectively (Fig. 3c–d). cfD deletion (Fig. S1a) completely blocked both zymosan- and
bacteria-induced AP activation (Fig. 3b–d), suggesting the essential role of cfD in the AP
activation during sepsis. Moreover, to further determine the role of TLR signaling in the
sepsis-induced AP activation, we tested the impact of MyD88 on serum cfB and C3
expression in sham and septic mice. As shown in Fig. 3e, 48 h after CLP, there was an
increase in serum cfB and C3 levels in WT mice. Ba and C3α fragments were also
increased. MyD88 deletion almost blocked the sepsis-induced cfB/C3 up-regulation and
somewhat attenuated cfB/C3 cleavage in vivo. These data suggest that signaling via MyD88
plays an important role in medating the enhanced cfB/C3 expression and thus AP activation
during polymicrobial sepsis in vivo. Of note, in vitro, sera from WT, MyD88−/−, and Trif−/−

exhibited the same levels of AP activity upon zymosan or bacteria treatment as
demonstrated by the same levels of Ba and cleaved C3α (Fig. S1b). This suggests that
MyD88 is probably not involved in the pathogen-induced cfB/C3 cleavage per se.

cfB−/− mice have reduced C3 cleavage and tissue deposition in the kidney
All three complement pathways converge at C3. C3 is composed of a α and a β chain. The α
chain is cleaved by each respective C3 convertase to form C3b, which is further cleaved to
C3dg (37). As shown in Fig. 4a, polymicrobial sepsis induced a marked increase in C3 and
the C3α cleavage fragments in serum and peritoneal lavage fluids, pointing to a systemic C3
up-regulation and activation during polymicrobial sepsis. Importantly, while absence of cfB
had no effect on C3 expression, it nearly abolished C3dg production at 24 and 48 h after
CLP procedure (Fig. 4a). These data suggest that cfB and the AP are essential for C3
activation during polymicrobial sepsis in vivo. Moreover, polymicrobial infection also
induced a time-dependent increase in C3 mRNA expression in the kidney. Consistent with
the serum C3 protein levels, cfB deletion has no impact on the C3 mRNA expression (Fig.
4b). Immunohistochemistry study indicated that C3 and C3 fragments were primarily
localized in the basal membrane of the cortex as well as in medullary regions of the kidney.
cfB−/− mice appeared to have a slightly reduced staining for C3 than WT mice. CLP induced
a marked increase in the C3 deposition in the cortex and interstitial localization in the
medulla. In comparison, there was a marked reduction in C3/C3 fragment deposition in
cfB−/− septic mice, particularly in the non-cortex region. These data suggest that cfB mainly
affects C3/C3 fragment deposition in the kidney but have no effect on the local kidney C3
synthesis as cfB deficiency exhibited minimal effect on C3 mRNA in the septic kidney.
Similarly, there was a marked increase in C3 deposition 48 h after CLP in the heart, but the
increased C3 deposition in the heart appeared to be cfB-independent as there was no
apparent difference between WT and cfB−/− septic hearts (Fig. 4c).

Absence of cfB reduces organ injury and improves survival in sepsis
WT septic mice exhibited a mortality rate of 68% by 14 days. In comparison, cfB−/− septic
mice had a significantly lower mortality rate of 42% (P = 0.02) (Fig. 5a). Given the
significant cfB expression/deposition in the heart and kidney during sepsis, we tested the
impact of cfB deficiency on heart dysfunction and acute kidney injury in septic mice. As
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shown in Fig. 5b, WT septic mice developed a severe cardiac dysfunction compared with
the sham mice as demonstrated by reduced LVDP, dP/dtmax and dP/dtmin as measured in a
Langendorff perfusion system. In comparison, cfB−/− mice had significantly improved
cardiac function. Acute kidney injury (AKI) is a frequent complication of septic patients in
the intensive care unit and associated with a high mortality(38). As illustrated in Fig. 5c,
periodic acid-Schiff (PAS) staining of mouse kidney cortex showed pink brush border in
cortical tubules of sham mice and loss of brush border and prominent vacuolization in many
tubules of septic mice as previously described (39, 40). In comparison, most brush boarders
were preserved and much less tubular vacuolization in the kidney of CLP cfB−/− mice (Fig.
5c). Moreover, the standard blood chemistry such as blood urea nitrogen and creatinine used
clinically are much less sensitive than the two recently developed biomarkers, kidney NGAL
and KIM-1(41–43) for AKI diagnosis during sepsis(39, 40), which reportedly are sensitive
indices in the prediction and early diagnosis of AKI (39, 40, 43, 44). As shown in Fig. 5d,
NGAL and KIM-1 mRNA levels in the kidney were markedly increased in WT septic mice
compared with the sham control. In comparison, cfB−/− mice exhibited a significantly
attenuated NGAL and KIM-1 mRNA levels in the kidney. Moreover, we administered mice
with control IgG or mAb1379, an inhibitory monoclonal antibody specific for mouse cfB
(30). The efficacy of mAb1379 administered one h prior to CLP procedure was evident as
serum of mAb1379-, but not control IgG-, treated mice completely inhibited AP activation
in an in vitro zymosan-based AP assay (Fig. S2a). mAb1379 also inhibited AP activity in
vitro when incubated with peritoneal lavage fluid to a similar level of cfB−/− mice (Fig.
S2b). When given 1 h before and again 12 h after surgery, mAb1379-treated mice had
significantly lower kidney NGAL and KIM-1 gene expression compared with that of control
IgG (Fig. 5e) at both 12 and 24 h after CLP. Taken together, these data demonstrate that cfB
contributes to sepsis-induced cardiac dysfunction and acute kidney injury.

Neutrophil migration, bacterial clearance, and cytokine storm
There was a marked time-dependent increase in the number of cells migrating into the
peritoneal cavity with the peak reached at 24 h following CLP (Fig. 6a). Both the percentage
(Fig. 6b) and total number (Fig. 6c) of Gr-1+ neutrophils in the peritoneal cavity peaked at
24 h after CLP. Importantly, cfB deletion led to an enhanced neutrophil migration during the
first 12 h after infection compared with WT mice (P < 0.05) but the difference disappeared
at 24 and 34 h (Fig. 6a, c). Of note, both WT and cfB−/− mice had a markedly increased but
the same percentage of Gr-1+ neutrophils in the peritoneal cavity with the peak at 24 h (Fig.
6b). These data suggest that cfB may contribute to sepsis by attenuating the early neutrophil
migratory activity. Moreover, following peritoneal infection, WT peritoneal neutrophils
displayed a time-dependent increase in their phagocytic function compared with the
neutrophils isolated before the infection (Fig. 6d). However, deletion of cfB had no impact
on the phagocytic function of neutrophils. Bacterial load reflects host overall defense ability
against bacterial infection. Consistent with the enhanced neutrophil migratory function,
cfB−/− septic mice showed a substantially reduced bacterial load in the lavage and blood
compared with WT (Fig. 6e). Pro-inflammatory cytokines are known to contribute to
lethality during severe sepsis (45). As illustrated in Fig. 6f, cfB−/− septic mice had decreased
IL-6 and TNFα in both the plasma and local lavage compared with WT septic mice. Plasma
IL-10 and KC were also found significantly lower in cfB−/− septic mice. Finally,
lymphocyte apoptosis reportedly plays an important role in the pathogenesis of sepsis and
contributes to its mortality (46). As shown in Fig. S3a, CLP induced a marked increase in
caspase-3 activity in spleen lymphocytes of WT mice, but cfB deficiency had no impact on
caspase-3 activation.
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Reduced neutrophil reactive oxygen species generation in cfB−/− mice
ROS, especially intracellularly, plays an important role in regulating cytokine production
(47, 48) and is associated with organ injury during sepsis (48, 49). ROS generation was
assessed using redox sensitive dye dichlorodihydrofluorescein diacetate (DCF) by flow
cytometry. As illustrated in Fig. 6g, there was a robust increase in the intracellular ROS in
neutrophils of WT septic mice. In comparison, cfB−/− septic mice had a marked reduction in
neutrophil ROS production. When WT and cfB−/− bone marrow neutrophils were treated
with peritoneal lavage in vitro, there was a marked increase in ROS production in both
groups of the cells treated with septic lavage compared with that of sham control lavage.
Absence of cfB in neutrophils did not affect their ability to generate ROS in response to the
lavage treatment (Fig. S3b). However, if WT neutrophils were treated with peritoneal lavage
from septic WT or cfB−/− mice, there was a trend toward septic WT lavage-treated cells
generating more ROS than those treated with septic cfB−/− lavage, but the difference did not
reach statistical significance (Fig. S3c). Together, the above data suggest 1) that cfB
mediates ROS production in the peritoneal neutrophils in vivo during polymicrobial sepsis, a
property also reported for TLR2 signaling (28), 2) that the peritoneal lavage fluid from
septic mice is sufficient to induce neutrophil ROS production in vitro, and 3) that cfB in
neutrophils is probably not involved in modulating cellular ROS production during sepsis.

Discussion
The current study made four major observations. First, we show that distinct types of TLRs,
including those for gram-positive and -negative bacteria and for viral RNA, are able to
induce a robust cfB production in three different cell types; namely, macrophages, cardiac
fibroblasts, and cardiomyocytes. These cells not only undergo de novo synthesis of cfB in
response to TLR activation but also release it into the extracellular space. The TLR effect
appears relatively specific towards cfB as expression of C4 and C5 is not altered. Second, in
a clinically relevant in vivo model of polymicrobial sepsis which likely involves activation
of multiple different types of TLRs, cfB is produced and AP activated via a MyD88-
dependent mechanism. Consistent with the widespread cfB up-regulation in septic animals,
the complement AP is activated both locally and systemically in septic animals and probably
via a cfD-dependent mechanism. cfB appears particularly essential for the production of C3
cleaved fragment (i.e., C3dg), a major complement fragment observed in tissue injury (50).
Third, absence of cfB confers a survival benefit with a 38% reduction in mortality rate
consistent with improvements in heart function and a marked reduction in acute kidney
injury as evidenced by better preserved LV function and reduced AKI biomarkers. Fouth,
we demonstrate that cfB deletion is associated with enhanced early neutrophil migration to
the infectious site, less C3 fragment deposition in the kidney, reduced inflammatory
cytokine production, decreased bacterial load, and attenuated ROS generation in neutrophils.
Taken together, these data suggest that cfB acts as the downstream effector of TLR signaling
and plays a pivotal role in the pathogenesis of polymicrobial sepsis.

Our studies demonstrate that distinct types of TLRs are able to induce cfB expression not
only in immune cells (macrophages) but also in cardiac fibroblasts and cardiomyocytes, an
unusual function for cardiac cells. At least in the case of TLR2 and TLR4 and in
cardiomyocytes, the TLR’s effect is fairly specific for cfB and C3 as only cfB and C3, but
not C4 and C5, gene expression is up-regulated. These data are consistent with a previous
report in macrophages, indicating that out of 18 complement factors tested, cfB is
specifically augmented by TLR4 stimulation (20). Crosstalk between complement system
and TLRs appears bidirectional (21). Complement system can also synergistically enhance
TLR-induced proinflammatory responses via C3aR- and C5aR-dependent mechanisms in
vitro and in vivo (18). Given the important role of these TLRs in the pathogenesis of sepsis
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(9–14), we hypothesized cfB as a key downstream effector of TLR signaling during sepsis.
In a clinically relevant mouse model of polymicrobial sepsis, we demonstrate that sepsis
induced a widespread and robust up-regulation of cfB in multiple organs. In the heart and
kidney, cfB is primarily localized in cardiomyocytes and in cortical tubular cells,
respectively. Unlike the in vitro studies described above, absence of TLR2, TLR4 or Trif did
not attenuate cardiac cfB expression during sepsis in vivo. This is not surprising as multiple
TLRs become activated during polymicrobial sepsis, deletion of any one type of TLRs may
not be sufficient to attenuate cfB induction. However, absence of MyD88, an adaptor
essential for all TLRs except TLR3, but not Trif, effectively attenuated both local (cardiac)
and systemic (serum) cfB expression, suggesting that cfB induction during polymicrobial
sepsis is partially MyD88-mediated. It is worth noting that in a same model of polymicrobial
sepsis, absence of MyD88 but not Trif confers protection against organ injury and mortality
(51, 52).

We show that polymicrobial sepsis not only up-regulates cfB levels in various organs and in
the serum, but also activates the AP and induces C3 cleavage as evidenced by markedly
increased Ba and C3dg fragments in serum and the peritoneal space in vivo. AP plays a
critical role in initiating and amplifying the downstream C3 cleavage during the complement
activation (53). In our study, zymosan or bacteria isolated from the septic animals cause
robust serum AP activation in vitro that clearly requires the presence of factor D, which may
indicate the essential role of factor D in the pathogen-induced AP activation during
polymicrobial sepsis. Moreover, in vivo, MyD88 deletion partially blocks the bacteria-
induced serum cfB expression and AP activation (reduced cfB and Ba production)
demonstrating the TLR control over the AP activaton during bacterial sepsis. However, it is
worth noting that the lower serum cfB/C3 fragments in septic MyD88−/− mice is likely due
to reduced total cfB/C3 in these KO mice since the in vitro AP assay indicates that MyD88
is not involved in the zymosan/bacteria-induced AP activation per se. The fact that cfB
deficiency has no impact on the overall levels of C3 in our study suggests that bacteria-
induced C3 up-regulation is cfB-independent. On the other hand, cfB appears essential for
sepsis-induced C3α cleavage as cfB−/− animals have markedly reduced C3dg in response to
sepsis, suggesting that C3 cleavage is mainly dependent on cfB/AP during sepsis. Consistent
with this is that cfB−/− septic mice have much less kidney C3 fragment deposition than WT
septic mice, which may explain in part the attenuated tissue damage observed in cfB−/−

septic mice. Local C3 fragment deposition has been shown to mediate (54, 55) and C3dg-
targeted inhibition to reduce tissue injury (50). Complement receptor 2 (CR2) is a receptor
of C3 fragments in the mouse. Inhibition by CR2-factor H (blocking AP at C3 activation)
provides more effective protection than CR2-Crry (blocking all pathways at C3 activation)
in an acute murine colitis model, suggesting that AP plays a key role in tissue inflammation
and injury and that the classical/lectin pathway provides important protection in host defense
(55). Finally, supporting the role of cfB/AP in sepsis is a recent study in which patients with
severe sepsis admitted to emergency department had extensive complement activation,
particularly of the AP (23).

The complement system represents a rapid and efficient immune surveillance system that
acts against foreign pathogens(7). In a non-severe model of polymicrobial peritonitis, mice
deficient in C1q (lack classical pathway) or deficient in cfB and C2 (lack all three pathways)
have an increased mortality rate compared to WT mice, indicating a critical contribution of
the three complement pathways to host defense (56). However, under severe septic and
hyper-inflammatory conditions, they may be improperly controlled and may contribute to
tissue injury and organ failure (57). One example is C5a (57). Blockade of C5a confers a
survival benefit in a CLP model of sepsis (58) and improved multiple organ functions (59).
Our study provides yet another mechanism by which the complement system contributes to
the pathogenesis of sepsis. Animals lacking cfB have a significantly improved survival,
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better preserved cardiac function, and reduced kidney injury. During sepsis cfB is markedly
up-regulated in the major organs including the heart and kidney. Tissue-deposited cfB
fragments likely induced organ injury through the AP-mediated C3 cleavage and deposition
although a direct injurious effect by cfB on these organs cannot be ruled out. Recent studies
have shown that cfB appears to have a property of inducing cell membrane injury and
activating apoptosis program. For instance, cfB contributes to endotoxin-triggered
sarcolemmal injury (16). Renal ischemia/reperfusion-induced caspase activation is cfB-
dependent (17), although in our study cfB deficiency had no impact on sepsis-induced
caspase-3 activation in the spleen. Finally, given its contributory role in sepsis, reduced C5a
in cfB−/− mice might explain the improved outcome in these mice. However, this seems less
likely since C5a is effectively generated, both at the baseline and during sepsis, in the
absence of AP in factor D-deficient mice (60).

Several factors may contribute to the survival benefit in septic cfB−/− mice. These include
enhanced early neutrophil migration to the infectious site, attenuated cytokine storm locally
and systemically, reduced ROS generation in neutrophils isolated from septic mice, and
decreased bacterial load. These data suggest that absence of cfB and AP activation does not
seem to comprise the host’s ability to clear bacteria during polymicrobial sepsis, but rather
enhances some elements of the innate immunity such as neutrophil migratory function and
attenuates injurious mechanisms such as neutrophil ROS production and tissue C3 fragment
deposition. Somewhat different from the current study, a recent report demonstrated that
deficiency of factor D does not significantly impact on animal survival in a similar model of
polymicrobial sepsis (60). Cleavage of cfB by cfD is considered the key step in the
formation of the convertase C3bBb (61). Similar to cfB−/− mice in the current study, cfD−/−

mice exhibit reduction in tissue C3 deposition and increased neutrophil recruitment (60).
However, cfD−/− mice display organ dysfunction and bacterial load at the level similar to
WT mice and systemic cytokine responses higher than WT mice (60). In contrast, C1q−/−

mice have significantly higher bacterial load than WT and cfD−/− mice (60), suggesting a
predominant role of the classical pathway in host bacterial clearance. However, it is worth
noting that while cfB cleavage is totally prevented in cfD−/− animals, AP activation in
cfD−/− mice still exists after cobra venom factor (CVF) (a functional C3b analog and AP
activator) administration. Both CVF-dependent C3 consumption in vivo and C3 α chain
cleavage in vitro remain largely intact. albeit at a significantly slower rate (61). Thus, the
possible AP activation in the cfD−/− mice might explain the indifference of bacterial loading
and survival outcome in these animals compared with WT. Taken together, our study
indicates that specific deletion or inhibition of cfB reduces tissue injury and improves
survival without compromising host defense against invading bacteria.

In summary, the current study demonstrates that cfB is a downstream effector of TLRs and
contributes to the pathogenesis of severe sepsis. TLR activation in vitro and polymicrobial
sepsis in vivo specifically induces de novo cfB production in distinct cell types such as
macrophages and cardiomyocytes and in major organs such as the kidney. Signaling via
MyD88 mediates cfB/C3 up-regulation and contributes to AP activation during
polymicrobial sepsis. Lack of cfB markedly reduces C3 cleavage and kidney deposition of
C3 fragments and confers a survival benefit in septic mice. Our results suggest cfB plays a
major role in mediating cardiac dysfunction, acute kidney injury and mortality during
polymicrobial peritonitis sepsis, which is in part related to a reduction in ROS production
and systemic inflammation.
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Refer to Web version on PubMed Central for supplementary material.
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FIGURE 1. Multiple TLR ligands induce a robust cfB production in both macrophages and
cardiac cells
(a) TLR2 and TLR4 stimulation leads to cfB expression in bone marrow-derived
macrophages. Con, control (normal saline). Bone marrow-derived macrophages were
stimulated by P3C (pam3cys, 1 μg/ml) or LPS (lipopolysaccharide, 500 ng/ml) for 20 h or
12 h, respectively. cfB mRNA was measured by qRT-PCR. # P < 0.001, φ P < 0.05 versus
the control, *** P < 0.001 versus WT-LPS, n = 4–6 samples per group.(b) Immunoblotting
of cfB in macrophages. Macrophages were stimulated with P3C or LPS. Con, control.
Twenty or twelve h after treatment, cfB was detected by immunoblotting. GAPDH was
employed as the internal control to monitor equal protein loading. (c) TLR2 or TLR4
stimulation selectively upregulated cfB and C3 gene expression in cardiomyocytes. Mouse
neonatal cardiomyocytes isolated from WT, TLR2−/− or TLR4-def mice were stimulated with
P3C or LPS for 24 h. Con, control. C3, C4, C5, cfB mRNA was measured by qRT-PCR. * P
< 0.05, ** P < 0.01, *** P < 0.001 versus the control. n = 4 in control group, n = 4–5 in the
P3C-treated group, n = 3–5 in the LPS-treated group. (d) TLR(2, 3, 4) ligands induces cfB
mRNA expression in rat cardiomyocytes. Rat neonatal cardiomyocytes were stimulated with
LPS (500 ng/ml), Pam3cys (1 μg/ml), CPG (0.25 μM), Poly (I:C) (25 μg/ml) for 24 h. cfB
mRNA was detected by qRT-PCR. * P < 0.05 vs. control group (Con). N=3 in each group.
(e) Immunoblotting of cfB: rat neonatal cardiomyocytes and cardiac fibroblasts were
stimulated with LPS (500 ng/ml), P3C (1 μg/ml ), CPG (0.25 μg/ml ), Poly (I:C) (25 μg/ml)
for 24 h. Cells and media were separated and proteins were immunblotted for cfB. All
experiments were performed at least three times.
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FIGURE 2. Polymicrobial infection induces cfB up-regulation
(a) qRT-PCR analysis of complement factors in various organs. Mice were subjected to
sham or CLP surgery. Twenty-four h later, C3, C4, C5 and cfB mRNA levels were
measured in the heart, spleen, kidney and liver by qRT-PCR. The arbitrary unit indicates the
relative increase of mRNA expression compared with the sham control. n = 7 mice per
group. * P < 0.05, ** P < 0.01, *** P < 0.001 versus the sham control. (b) Immunoblotting
of cfB. Heart, lung, kidney, liver and spleen were harvested at 0, 24 and 48 h after CLP
surgery. cfB protein was detected by immunoblotting. Ponceau protein staining was
employed to monitor equal sample loading. (c) Immunohistochemistry (IHC) of cfB. Mice
were subjected to sham or CLP procedures. Forty-eight h after the surgery, hearts and
kidneys were harvested and sectioned, and immunohistochemistry for cfB was performed.
Image magnification: heart section x 400, kidney section x 40, 200, 400. (d) qRT-PCR
analysis of cfB mRNA in the heart. WT, TLR2−/−, TLR4-def, MyD88−/− and Trif−/− mice
were subjected to sham or CLP surgery. Twenty-four h later, the hearts were collected and
cfB mRNA was measured using qRT-PCR. ** P < 0 .01, # P < 0.001 versue the sham
control, * P < 0.05 versus WT-CLP. n = 3–5 mice in sham group, n = 4–10 mice in CLP
group. (e) Immunoblotting of cfB in cardiac tissue. WT, MyD88−/− and cfB−/− mice were
subjected to CLP procedure. Forty-eight h after CLP, the hearts were isolated and the
coronary artery perfused with PBS via the aorta. cfB protein was detected by
immunoblotting.
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FIGURE 3. Polymicrobial infection induces cfB up-regulation and AP activation via a MyD88-
dependent mechanism
(a) Immunoblotting of cfB and Ba. Mice were subjected to CLP procedure. At 0, 24, and 48
h after CLP, 0.5 ml of lavage fluid was collected after 1.0 ml of normal saline i.p. injection.
Blood was collected by cardiac puncture. Forty μl of lavage supernatant and diluted serum
(1:100 dilution with NP-40 lysis buffer) were loaded and proteins were seperated in 4–20%
SDS-PAGE. cfB (93kDa) and Ba fragments (33kDa) were detected by immunoblotting.
cfB−/− mice were used as the negative control. (b) Zymosan and bacteria induce serum cfB/
C3 cleavage - role for cfD. Ten μl of serum from WT or cfD−/− mice were incubated in the
presence of Mg2+/EGTA with 1×107 zymosan or bacteria isolated from septic mice at 37 °C
for 30 minutes. Proteins in supernatants separated in 4–12% SDS-PAGE, and
immunoblotted for cfB/C3 and their cleaved fragments incluidng Ba, C3α chain (113kDa)
and cleaved C3α fragments (40kDa). The pellets containing zymosan or bacteria were used
for measuring C3 deposition as described below. (c) Zymosan or bacteria induces serum AP
activation - role of cfD. As noted in Fig. 3b, AP activation induced by zymosan or bacteria
was assessed by measuring C3 deposition on zymosan or bacteria using flow cytometry as
described in Methods. The negative control contains no serum. n = 3, *** P < 0.001. (d)
Representative FACS histograms of AP activation by zymosan or bacteria. (e) MyD88
deletion attenuates serum cfB/C3 up-regulation and cleavage duirng polymicrobial infection.
WT or MyD88−/− mice were subjected to CLP procedure. At 0 and 48 h after surgery,
animals were euthanized and sera were examined for cfB/C3 and their cleaved fragments as
described in Methods.
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FIGURE 4. cfB deletion attenuates C3 cleavage and tissue deposition in the kidney
(a) Immunoblotts of serum C3 and C3 fragments. Mice were subjected CLP procedure.
Control mice received no surgery. At 0, 24, and 48 h after CLP, sera were collected and
immunoblotted with a C3 antibody that recognizes C3 (both C3α and C3β chains) and
cleaved C3α fragment (known as C3dg). (b) C3 mRNA in the kidney before and after CLP.
WT and cfB−/− mice were subjected to CLP. At 0h, 24h, 48h after CLP, kidney tissues were
collected and analyzed for C3 mRNA expression by qRT-PCR. * P < 0.05, ***P < 0.001, n
=3–7. (c) Immunohistochemistry of C3 and the C3 fragments in the heart and kidney. WT
and cfB−/− mice were subjected to sham or CLP procedure. Forty-eight hours after the
surgery, the heart and kidney were collected. The tissues were fixed with formalin, paraffin-
embedded, and sectioned. C3 and C3 fragments in the heart and kidney were detected
immunohistochemically using a specific anti-C3 antibody that recognizes C3 (both C3α and
C3β chains) and cleaved C3α fragment (known as C3dg). The arrowheads point to deposited
C3and C3 fragments in the kidney.
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FIGURE 5. Absence of cfB improves survival and reduces organ injury during experimental
polymicrobial sepsis
(a) Survival rate of WT and cfB−/− mice during sepsis. Mice were subjected to CLP surgery
and monitored for survival for up to 14 days. * P < 0.05; 24 h after surgery. The survival
curve includes data from five separate experiments; (b) Cardiac function of the Langendorff
perfused heart. Both WT and cfB−/− were subjected to sham and CLP surgeries. Twenty-
four h later, the mice were euthanized and the hearts isolated and perfused at a constant
pressure in a Langendorff perfusion system for up to 40 min. LVDP, dP/dtmax and dP/dtmin
(maximal and minimal first derivation of LVDP, respectively) were recorded as described
previously(10, 28). * P < 0.05, ** P < 0.01, # P < 0.001 versus WT-CLP; n = 3 in Sham
group, n = 8–10 in CLP group; (c) Histology of AKI in CLP-induced sepsis. Periodic acid-
Schiff (PAS) staining of mouse kidney cortex 48 h after sham or CLP surgery. Loss of pink
brushboarder and prominent vaculization in most of cortical tubules were observed in CLP
WT but not in CLP cfB−/− mice. Original magnification: × 400. (d) Kidney NGAL and
KIM-1 mRNA expression in WT and cfB−/− mice. Mice subjected to the sham and CLP
procedures. Twenty four h later, mice were euthanized and the kidney tissues were
harvested. NGAL and KIM-1 mRNA were determined by qRT-PCR. Data were plotted as
median with 10 and 90 percentile in the bottom and top, respectively, and analyzed by two-
way ANOVA with Mann Whitney non-parameter post test. * P < 0.05, ** P < 0.01. n = 4 in
sham group, n = 6–7 in CLP group; (e) Anti-cfB antibody mAb1379 attenuates NGAL and
KIM-1 mRNA expression during sepsis. mAb1379 (1 mg) was adminstered i.p. 1 h before
and every 12 h after CLP surgery. Kidneys were harvested at 12 and 24 h post-surgery and
analyzed for NGAL and KIM-1 mRNA expression. * P < 0.05, ** P < 0.01. n = 7 in sham
group (combination of sham mice at 12 and 24 h), n = 5–7 in CLP group.
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FIGURE 6. cfB deficiency leads to enhanced neutrophil migration, attenuated cytokine
responses, decreased bacterial loading and ROS generation during peritoneal sepsis
(a–d). Neutrophil migratory and phagocytic functions. Mice were subjected to CLP
procedure. At 0, 12, 24, 34 h after CLP, normal saline (5 ml) was injected into the peritoneal
cavity and the peritoneal lavage was harvested. Total peritoneal cells were counted manually
and Gr-1+ neutrophils were determined by flow cytometer. (a) Time course of peritoneal
cell accumulation following CLP; (b) Percentage of Gr-1+ neutrophils among the peritioneal
cells as measured by flow cytometry; (c) Total number of Gr-1+ neutrophils migrated into
the peritoneal space were calculated as: total peritoneal cells x percentage of Gr-1+ cells; (d)
Phagocytic neutrophils in the peritoneal cavity. Peritoneal cells were incubated with
opsonized fluorescent microspheres (FITC) at 37 °C for 30 min and then stained with APC-
labeled Gr-1 antibody. Percentage of phagocytic neutrophils was presented as both FITC-
bead+ and APC-Gr-1+. † p < 0.05, ‡ p < 0.01, # P < 0.001 versus time 0 h, * P < 0.05.
versus WT n = 7–9 at time 0, n = 7–14 at time 12 h, n = 6–12 at time 24 h, n =3–7 at time 34
h. (e) Bacterial counting. Bacterial loading was assessed in both blood and peritoneal lavage
fluids, ** P < 0.01, n = 8–9 in WT group, n = 10 in cfB−/− group; (f) Cytokine production.
Cytokine/chemokine levels in the plasma and peritoneal lavage were measured by Luminex
multiplex assays. * P < 0.05, ** P < 0.01, n = 8–9 in WT group, n = 10 in cfB−/− group. (g)
ROS production in peritoneal neutrophils. Twelve h after sham or CLP surgery, the
peritoneal cells were collected, incubated with 10 μM DCF, and analyzed for intracellular
ROS production by flow cytometry. n = 11 in sham group, n = 21 in CLP group. ** P <
0.01, *** P < 0.001. A representative histogram is in the right column. WT-s: WT-sham;
cfB−/−-s: cfB−/−-sham; WT-C: WT-CLP; cfB−/−-C: cfB−/−-CLP. MFI, mean fluorescence
intensity.
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