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Abstract

Purpose

Unbalanced inflammatory response and lymphocyte apoptosis is associated with high mor-
tality in septic patients. Decoy receptor 3 (DcR3), a member of the tumor necrosis factor
receptor superfamily, is an anti-inflammatory and anti-apoptotic factor. Recently, DcR3
expression was found to be increased in septic patients. This study evaluated the therapeu-
tic effect and mechanisms of DcR3 on cecal ligation and puncture (CLP)-induced sepsis in
mice.

Methods

C57BL/6 mice were subjected to CLP-induced polymicrobial sepsis. DcR3 Fc was intrave-
nously injected 30 min before and 6 h after CLP. Bacterial clearance, cytokine production,
histology, lymphocyte apoptosis and survival were evaluated. Furthermore, we investigated
the systemic effects of DcR3 in in vitro lymphocyte apoptosis regulation.

Results

Our results demonstrated that DcR3 protein treatments significantly improved survival in
septic mice (p <0.05). Treatment with DcRS3 protein significantly reduced the inflammatory
response and decreased lymphocyte apoptosis in the thymus and spleen. Histopathological
findings of the lung and liver showed milder impairment after DCR3 administration. In vitro
experiments showed that DcR3 Fc inhibited Fas-FasL mediated lymphocyte apoptosis.

Conclusions

Treatment with the DcR3 protein protects mice from sepsis by suppressing the inflammatory
response and lymphocyte apoptosis. DcR3 protein may be useful in treatment of sepsis.
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Introduction

Despite advances in supportive care, sepsis remains one of the most challenging clinical prob-
lems due to its high morbidity and mortality in children and adults [1, 2]. The pathophysiologi-
cal process of sepsis is a complex immunologic response with pro-inflammatory and anti-
inflammatory mechanisms alternatively predominating [3]. It has been hypothesized that if
death occurs in the first few days, it is most likely due to the exaggerated inflammatory
response [4]. Recent studies have found that most patients survive the initial pro-inflammatory
state but tend to die during the immunosuppression period [5]. Temporary immunosuppres-
sion during sepsis appears to be closely correlated with mortality and secondary infection [6].
Accumulating evidence suggests that immune effector cell apoptosis in sepsis is associated with
the development of the immunosuppression [7, 8]. Apoptotic cell uptake by phagocytic cells
such as macrophages and dendritic cells (DCs) leads to an immunosuppressive state by induc-
ing the production of anti-inflammatory cytokines and suppressing the release of pro-inflam-
matory cytokines [9, 10]. Thus, new drugs with effective anti-inflammatory profiles as well as
immunomodulatory properties would be promising and valuable.

Expression of some co-stimulatory/inhibitory molecules is markedly altered in sepsis. These
molecules appear to be associated with morbidity and mortality in septic models as well as
patients with sepsis [11, 12]. Decoy receptor 3 (DcR3, also known as TR6) is a newly identified
decoy receptor. It is a secreted protein that belongs to the tumor necrosis factor (TNF) receptor
family. DcR3 has three primary ligands: FasL, LIGHT, and TL1A. DcR3 can bind FasL to pro-
tect against FasL-mediated apoptosis of lymphocytes and several tumor cell types [13-15].
DcR3 can also bind LIGHT and inhibit LIGHT-induced apoptosis [16]. DcR3 can induce T
cell activation via binding to TL1A [17].

We recently found that DcR3 expression is elevated in patients with sepsis and is related to
sepsis mortality [18]. These findings suggested that DcR3 might be implicated in the pathoge-
nicity of sepsis.

In this study, we investigated the effect of DcR3 on survival in a murine cecal ligation and
puncture (CLP) model of sepsis. In addition, we attempted to elucidate the potential mecha-
nisms underlying the putative beneficial effect.

Materials and Methods
Mice preparation

Adult C57BL/6 mice (8-10 weeks age), with a body weight of 22-30 g, were obtained from the
Animal Center of the First People’s Hospital Affiliated with Shanghai Jiaotong University
China. They were maintained in a specific pathogen-free facility at a temperature of 22 +2°C
with 12 h light and dark cycles and 50% relative humidity. All procedures were approved by
the Committee on the Ethics of Medical Scientific Research of the First People’s Hospital,
Shanghai Jiaotong University (Permit Number: 2012KY041). All treatments were humane and
in accordance with the guidelines for the Care and Use of Laboratory Animals of the National
Institutes of Health.

Cecal ligation and puncture mouse model

The sepsis model was induced as previously described [19]. Briefly, mice were anesthetized
with isoflurane and a 1- to 2-cm midline incision was made after disinfecting the abdomen.
The cecum was exposed and ligated with 3-0 silk tied 1 cm from the tip, and was subjected to a
double puncture with a 20-gauge needle. The bowel was returned to its original position, and
the incision was closed in dual layers. Sham mice had the peritoneum opened and the bowel
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exposed, but without ligation and puncture. After surgery, all mice received 1 ml sterile physio-
logic saline solution. To minimize suffering, all mice were anesthetized with isoflurane prior to
surgery and subsequent sacrifice.

For the survival study, we used the death as the clinical endpoint. All mice were monitored
every 6 h for 7 days and euthanized when they were found in a moribund state as identified by
labored breathing and/or non-responsiveness to cage tapping. Moribund mice were anesthe-
tized with ketamine prior to cervical dislocation. At the end of the experiment, all surviving
mice were euthanized with ketamine followed by cervical dislocation.

Experimental protocol

DcR3 Fc and Ig Fc were purchased from Sigma (Saint Louis, MO, USA). Briefly, DcR3 Fc was
produced from a DNA sequence encoding the signal peptide from human CD33 joined with
amino acid residues 24-300 of human DcR3 which was fused to the Fc region of human Ig G1
by a polypeptide linker. The recombinant DcR3/Fc chimera was measured by its ability to
inhibit the biological activity of Fas-ligand-induced apoptosis of Jurkat cells. Forty mice were
randomly divided into four groups (ten mice per group): sham group, CLP group, CLP plus Ig
Fc group, and CLP plus DcR3 Fc group. DcR3 Fc was dissolved in sterile distilled saline and
100 pg DcR3 Fc was intravenously injected in mice 30 min before CLP and 6 h after CLP. For
the sham and CLP groups, mice received an equal volume of saline. For control purposes, the
CLP plus Ig Fc group received an equal amount of Ig Fc. Twenty-four hours after surgery,
blood, lung, liver, spleen and thymus were collected. Peritoneal lavage fluid was collected by
injecting 2 ml phosphate buffered saline (PBS) into the peritoneal cavity. Another forty mice
were observed for the survival of animals over the subsequent 7 d.

Histological examinations

Tissue samples, including lung and liver, were collected 24 h after surgery and immediately
fixed in 4% paraformaldehyde. After 12 or 24 h, tissue sections were embedded in paraffin, cut
into 4-5 um sections, and stained with hematoxylin-eosin. Two experienced pathologists who
were blinded to the protocol performed the histological examinations. To grade the degree of
lung injury, a scoring system was used based on the following histological features: edema,
hyperemia and congestion, neutrophil margination and tissue infiltration, intra-alveolar hem-
orrhage and debris, and cellular hyperplasia. Each feature was graded as absent, mild, moder-
ate, or severe, with a score of 0 to 3, and total scores were calculated for each animal [20]. The
scoring system for evaluating the degree of liver injury was based on the scale of cell necrosis: 0,
none; 1, individual cell necrosis; 2, up to 30% lobular necrosis; 3, up to 60% lobular necrosis;
and 4, more than 60% lobular necrosis, and total scores were calculated for each animal.

Cytokine determination

Blood and peritoneal lavage fluid were harvested from mice 24 h after surgery and centrifuged
for 10 min at 300 g. The levels of TNF-o,, IL-6, and IFN-y were quantified using a murine
ELISA kit (Bender Systems, USA) according to the manufacturer’s instructions.

Measurements of apoptosis in thymus and spleen

Thymus and spleen tissues were harvested from mice 24 h after surgery. Single-cell suspensions
from thymus were prepared. CD3+ T cells were stained using fluorochrome-conjugated
annexin V and propidium iodide (PI), and analyzed using a FASCalibur apparatus and Cell-
Quest software (Becton Dickinson, USA). Annexin V-positive cells were considered apoptotic
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cells. Terminal deoxynucleotidyl transferase- mediated dUTP nick-end labeling (TUNEL)
assays were performed using the ApopTag Plus Peroxidase In Situ Apoptosis Detection Kit
(Chemi-Con, USA) according to the manufacturer’s instructions. Briefly, after fixation with
4% paraformaldehyde, spleen samples were incubated for 10 min in equilibration buffer. The
TUNEL reaction mixture was added and sections were incubated for 1 h in a 37°C humidified
chamber. After stopping the reaction, sections were visualized using the anti-digoxigenin-per-
oxidase antibody and DAB, and counterstained with bis-benzamide. Positive cells were identi-
fied and counted using light microscopy. The percentage of TUNEL-positive cells was used to
determine the apoptosis rate. At least 1000 cells per section were examined in five randomly
selected fields (400x). At least four sections were used to calculate the apoptosis rate of each

group.

Determination of lymphocyte counts in blood, spleen, and thymus

Blood, spleen, and thymus were collected 24 h after CLP. For spleen and thymus, single-cell
suspensions were first prepared. After erythrocyte lysis, the total cell number was recorded.
Lymphocyte subgroups were also stained with fluorochrome-conjugated antibodies against cell
subset-specific surface markers. Lymphocyte counts were calculated based on the total cell
count and lymphocyte subgroup percentage obtained by FACS analyses.

DcR3 Fc administration and FasL-induced lymphocyte apoptosis

Using lymphocyte separation media, lymphocytes were separated from whole blood from sep-
tic persons and randomly divided into four groups: normal, FasL, FasL plus Ig Fc, and FasL
plus DcR3 Fc. Cells were pretreated for 1 h with 10 ng/ml DcR3 Fc or 10 ng/ml Ig Fc, followed
by incubation for an additional 12 h with 100 ng/ml recombinant human FasL (rHuFasL; R&D
Systems). Cells were then collected and apoptosis was detected using annexin V and PI double
staining and western blot analyses.

Western blot assay

Cells were lysed with raidoimmunoprecipitation assay (RIPA) reagent (Beyotime, ShangHai,
China) in the presence of protease inhibitors (Sigma, USA) and total protein quantified with
the bicinchoninic acid (BCA) protein assay kit (Beyotime, Shanghai, China). A total of 20 pg of
protein were separated by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-
PAGE) and electro-transferred onto a polyvinylidene fluoride (PVDF) membrane (BioRad,
Hercules, CA, USA). Expression of cleaved caspase 8 was detected using mouse anti-human
caspase 8 monoclonal antibody (Cell Signaling Technology, Beverly, MA) and HRP-conjugated
sheep anti-mouse antibody (Amersham Bioscience). Expression of cleaved PARP was detected
using rabbit anti-human PARP polyclonal antibody (Cell Signaling Technology) and horserad-
ish peroxidase (HRP)-conjugated sheep anti-rabbit antibody (Amersham Bioscience). Expres-
sion of GAPDH was detected using rabbit anti-human GAPDH polyclonal antibody
(Amersham Bioscience) and HRP-conjugated sheep anti-rabbit antibody (Amersham Biosci-
ence). Protein expression was visualized using ECL Plus reagent (Amersham Bioscience) and a
Chemilumino analyzer GelDoc XR system (Biorad, USA).

Statistical analyses

SPSS 19.0 statistical software was used for all analyses. Data are expressed as the
mean * standard deviation (SD). Kaplan-Meier plots were used to describe survival data and a
log-rank test was performed to assess the statistical differences. For multiple comparisons, one-
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way analyses of variance (ANOV A) were used to compare differences between groups. A value
of p<0.05 was considered statistically significant.

Results
Effect of DcR3 on survival of mice with sepsis

In order to investigate whether DcR3 was beneficial for CLP mice, survival were observed for 7
d after surgery. All mice in the sham group survived during this period, whereas in the CLP
and CLP plus Ig Fc group, the survival rate was only 20%. In contrast, mice treated with DcR3
Fc showed a significantly higher survival rate compared with the CLP and CLP plus Ig Fc
groups (50% vs. 20%, p<0.05) (Fig 1). The administration of DcR3 Fc significantly improved
survival rate during the study period. The results indicate that administration of DcR3 Fc pro-
tects mice against sepsis induced by CLP.

DcR3 ameliorated liver and lung injury

To investigate whether DcR3 Fc administration is associated with pathological changes in lung
and liver tissue, Hematoxylin-eosin staining was performed. Lung injury, accompanied by
infiltration of inflammatory cells into the lung interstitium and alveolar space, alveolar wall
thickening, consolidation, and alveolar hemorrhage, was noted in the CLP and CLP plus Ig Fc
groups. Liver injury was evidenced by swollen hepatocytes and absent hepatic sinusoidin the
CLP and CLP plus Ig Fc groups. DcR3 Fc treatment significantly prevented these pathological
changes (Fig 2). These results demonstrate that DcR3 Fc treatment significantly improves the
liver and lung histopathology in CLP-induced septic mice.

DcR3 decreased cytokine production

To assess the effects of DcR3 Fc administration on cytokine production during the CLP model
of sepsis, the levels of TNF-a, IL-6, and IFN-y in the blood and peritoneal lavage fluid were
analyzed. Twenty-four hours after surgery, the levels of TNF-q, IL-6, and IFN-y were signifi-
cantly higher in the blood and peritoneal lavage fluid of the CLP group compared with the
sham group. Administration with DcR3 Fc significantly attenuated inflammatory cytokine
production in the CLP group (Fig 3). These results suggest that DcR3 Fc treatment downregu-
lates cytokines in the blood and peritoneal lavage fluid of CLP-challenged mice.
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Fig 1. DcR3 Fc administration protects mice from CLP-induced lethality. Mice were randomly divided
into four groups (ten mice/group): sham, CLP, CLP plus Ig Fc, and CLP plus DcR3 Fc. For the CLP plus
DcR3 Fc group, 100 ug DcR3 Fc was intravenously infused 30 min before and 6 h after CLP. For CLP plus Ig
Fc, 100 pg Ig Fc was intravenously infused 30 min before and 6 h after CLP. Other groups received the same
volume of saline as a control. Survival was monitored for 7 d. Survival rates were analyzed using log-rank
tests. *p <0.05.

doi:10.1371/journal.pone.0131680.g001
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Fig 2. Histopathological changes in septic mice after DcR3 Fc administration. Liver and lung tissues were harvested 24 h after CLP. Hematoxylin—
eosin staining was performed to examine histopathological changes (400 x). (A) Representative images for each group. Lung injury was characterized by
thickening of the alveolar wall, accumulation of neutrophils into the interstitium and impaired alveoli in CLP mice (circle areas). Liver injury was evidenced by
swollen hepatocytes, inflammatory infiltration and hemorrhagic necrosis in CLP mice (square areas). DcR3 Fc treatment protected mice against sepsis-
induced liver and lung damage. Lung displayed less alveolar destruction and alveolar epithelial hyperplasia when treated with DcR3 Fc. Hepatocytes showed
less ballooning lesions. (B) The severity of lung and liver injury was scored as described above. Scale bars in right lower corner represent 25um. **p <0.01,
*p <0.05 vs. sham; #p <0.05 vs. CLP.

doi:10.1371/journal.pone.0131680.9002

DcR3 inhibited lymphocyte apoptosis in the spleen and thymus of septic
mice

To investigate whether DcR3 Fc administration is associated with a reduction of lymphocyte
apoptosis, TUNEL staining and flow cytometry assays were performed. TUNEL assays showed
that septic mice showed enhanced apoptosis activation in the spleen. DcR3 Fc administration
effectively inhibited the depletion of splenocytes. Additionally, flow cytometry assays indicated
a higher percentage of apoptotic thymus cells in CLP mice compared with the sham group

(p <0.05) (Fig 4). DcR3 Fc administration effectively reduced the number of apoptotic lym-
phocytes in the thymus of septic mice (p <0.05) (Fig 4). These results indicate that CLP-
induced septic mice display increased cell apoptosis in the spleen and thymus and that DcR3
Fc treatment significantly reduces the number of apoptotic cells.
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Fig 3. DcR3 Fc administration reduced inflammatory cytokine release in blood and peritoneal lavage fluid. Blood and peritoneal lavage fluid were
collected 24 h after CLP. ELISA was performed to measure cytokine levels. DcR3 Fc administration reduced TNF-a, IL-6, IFN-y secretion. (A—C)
Representative levels of pro-inflammatory cytokines in blood. (D—E) Representative levels of pro-inflammatory cytokines in peritoneal lavage fluid (n = 6
mice/group). **p <0.01, *p <0.05 vs. sham; # p <0.05 vs. CLP.

doi:10.1371/journal.pone.0131680.9003

DcR3 increased lymphocyte numbers in peripheral blood, spleen, and
thymus

To investigate the effects of DcR3 Fc administration on lymphocyte apoptosis, lymphocyte
numbers in peripheral blood, spleen and thymus were detected by flow cytometry. The number
of total lymphocytes was higher in the blood of the CLP plus DcR3 Fc group compared to the
CLP-only or Ig Fc control groups. Similar results were observed in the spleen and thymus (Fig
5). These results suggest that DcR3 Fc treatment increases lymphocyte numbers in peripheral
blood, spleen, and thymus.

Effect of DcR3 administration on FasL-induced lymphocyte apoptosis

To better understand some of the mechanisms whereby DcR3 inhibits lymphocytes apoptosis
during the CLP model of sepsis, we induced apoptosis by stimulation with recombinant FasL.
We found that preincubation with DcR3 Fc significantly inhibited FasL-mediated lymphocyte
apoptosis. Western blot assays indicated that cleavage of caspase 8 and PARP was also inhib-
ited by pretreatment with 10 ng/ml DcR3 Fc (Fig 6). These results indicate that DcR3 pretreat-
ment decreases FasL-induced peripheral lymphocyte apoptosis.

Discussion

Our previous study demonstrated that DcR3 expression was upregulated in patients with sepsis
[18] and the role of increased levels of DcR3 in sepsis patients was particularly interesting.
DcR3 is a decoy receptor that belongs to the tumor necrosis factor receptor superfamily
(TNFRSEF). Due to its lack of an apparent transmembrane domain, DcR3 is a secreted protein.
DcR3 has three known ligands: FasL, LIGHT, and TL1A. DcR3 binds these ligands and inhibits
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Fig 4. DcR3 Fc administration inhibits apoptosis in the spleen and thymus. Spleen and thymus were harvested 24 h after CLP. A. Representative
sections analyzed using in situ TUNEL assays in spleen. Apoptotic cells are stained with a yellow-brown color in the nuclei (red arrows). B. The percentage of
TUNEL-positive cells represents apoptotic cells in spleen. C. Flow cytometry dot plots of annexin V/PI staining. D. The percentage of FACS-positive cells
represents apoptotic cells in thymus. Apoptosis was calculated as the percentage of annexin V-positive cells that were the sum of the percentage of cells
included in the lower and upper right quadrants. Bars represent the mean +SD (n = 6 each group). **p <0.01, *p <0.05 vs. sham; # p <0.05 vs. CLP.

doi:10.1371/journal.pone.0131680.g004

their interaction with cell surface-bound receptors. Because of its role in inhibiting apoptosis
via binding to these ligands, DcR3 has been extensively studied in cancer [21, 22].
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Fig 5. Cell numbers in blood, spleen, and thymus. Blood, thymus, and spleen were harvested 24 h after CLP. For spleen and thymus, single-cell
suspensions were prepared and the total cell number was counted after erythrocyte lysis. Using FACS analyses, lymphocyte numbers were acquired by the
total number and percent of lymphocyte subgroup. **p <0.01, *p <0.05 vs. sham; # p <0.05 vs. CLP.

doi:10.1371/journal.pone.0131680.9005
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Fig 6. DcR3 Fc administration inhibited FasL-induced apoptosis. DcR3 Fc administration decreased human peripheral lymphocyte apoptosis induced
by FasL. Peripheral lymphocytes cells were obtained from septic shock patients using Ficoll-Paque Plus and randomly divided into four groups: control,
FasL-induced, FasL plus Ig Fc, and FasL plus DcR3 Fc. Cells were pretreated for 1 h with 10 ng/ml DcR3 Fc or 10 ng/ml Ig Fc, followed by the addition of

100 ng/ml FasL to induce apoptosis. After 12 h, cells were collected and apoptosis was evaluated by double staining with annexin V and propidium iodide (PI)
and western blot analyses. (A) Representative micrographs of apoptosis detected by flow cytometry. (B) The percentage of FACS-positive cells represents
apoptotic cells. Apoptosis was calculated as the percentage of annexin V-positive cells that were the sum of the percentage of cells included in the lower and
upper right quadrants. (C) Western blot analyses of caspase 3 and cleaved poly (ADP-ribose) polymerase (PARP) levels in each group. (D-E) The relative
levels of caspase 3 and cleaved PARP in each group after normalization to GAPDH. **p <0.01, *p <0.05 vs. sham; # p <0.05 vs. CLP.

doi:10.1371/journal.pone.0131680.g006

DcR3 expression has also been demonstrated in various acute and chronic inflammatory
conditions, including inflammatory bowel disease (IBD) and acute respiratory distress syn-
drome (ARDS) [23, 24]. In these studies, it was suggested that DcR3 mediated anti-inflamma-
tion by skewing the Th1/Th2 cell balance toward the Th2 response and suppressing the
phagocytic activity of macrophages [25].

In this study, we found that administration DcR3 before and after CLP effectively protected
mice from CLP-induced sepsis. The potential mechanisms underlining this therapeutic effect
might associated with different aspects of sepsis, including reduced inflammatory responses
and decreased lymphocyte apoptosis.

Sepsis is a systemic inflammatory response caused by infection. Unlike other inflammatory
diseases, it is characterized by two distinct phases [3]. The early cytokine-mediated pro-inflam-
matory response is activated against invading pathogens. Destructive inflammatory responses
are hallmark signs of sepsis. Pro-inflammatory cytokines such as TNF-o, IL-6, and IFN-vy are
released in this phase, resulting in multi-organ dysfunction [26, 27]. Although the pro-inflam-
matory response during the early phase of sepsis is considered a normal defense, mild down-
regulation of pro-inflammatory cytokines during this phase might be beneficial [28]. In agree-
ment with previous studies which found that DcR3 inhibits the functions in the anti-inflamma-
tory response by skewing the Th1/Th2 cell balance toward Th2 responses [25], we found that
DcR3 could suppress TNF-o and IL-6 release in blood and peritoneal lavage fluid. However,
other potential mechanisms in the pathophysiology of sepsis are likely, as previous studies of
various anti-inflammatory agents, including TNF-a and IL-1 antagonists, showed little or no
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benefit in sepsis patients [29]. Due to decreased T cells and the release of anti-inflammatory
cytokines, the immune system exhibits immune suppression [30]. This immune suppression
phase may determine the outcome of sepsis. Moreover, results from animal models have dem-
onstrated that altered proapoptotic or antiapoptotic protein expression improves survival dur-
ing sepsis [31, 32]. T cells are essential regulators in acquired immunity. A series of studies
illustrated that mice lacking T cells succumb more readily to septic insult [33]. It was reported
that DcR3 might promote inflammation by inhibiting FasL-mediated apoptosis in T cells in
the diseased area [34]. In present study, we found that administration of DcR3 protected
immune cells in the thymus and spleen from apoptosis. Enhanced adaptive immune function
may be another critical factor contributing to the therapeutic effect of DcR3 against CLP-
induced sepsis.

DcR3 is suggested to inhibit apoptosis by binding to FasL and LIGHT. FasL exists on most
immune cells. Increased apoptosis in response to polymicrobial sepsis and CLP has been
reported, primarily in the immune cell population expressing the FasL receptor [35]. In addi-
tion, Ackerman et al. reported that organ damage and mortality associated with sepsis in CLP-
induced mice is due at least in part to activation of the Fas-FasL signaling pathway [36]. To
evaluate whether the DcR3 Fc protein protects against immune cell apoptosis, we performed in
vitro overexpression experiments. Peripheral lymphocytes cells obtained from septic shock
patients were incubated with FasL in the presence of DcR3 Fc or Ig Fc. Our data revealed that
DcR3 pretreatment decreased FasL-induced peripheral lymphocyte apoptosis.

However, clearance of the bacterial burden from the blood and peritoneal lavage fluid of
septic mice was not altered (data not shown). We suggest that the unaltered level of bacterial
burden clearance may be related to the suppression of macrophage phagocytic activity by
DcR3. Unfortunately, all mice were euthanized after observation for 7 days, and no further
data were obtained. Moreover, there is an apparent contradiction between the assumption that
DcR3 concentration is related to sepsis mortality [18], and the potentially beneficial effects of
DcR3 administration in CLP mice. It is possible that in previous studies the serum samples of
patients with sepsis were collected within 24 h after being admitted to the intensive care unit
(ICU). As reported above, mild down-regulation of pro-inflammatory cytokines during the
early phase might be beneficial for sepsis, however, inhibition of pro-inflammatory cytokine
release might lead to immune suppression and subsequent sepsis. Moreover, in this study we
chose to administer DcR3 Fc 30 min before and 6 h after CLP. The protective effect of DcR3 Fc
in CLP mice might therefore be due to reduced inflammatory responses in the early phase and
decreased lymphocyte apoptosis in the later phase.

One limitation of this study is that we only harvested blood and peritoneal lavage fluid after
24 h to detect the bacterial burden. The host immune response, rather than the pathogen, is
primarily responsible for the morbidity and mortality associated with sepsis. DcR3 is a potent
anti-inflammatory and anti-apoptotic factor that could activate inflammation-resolution pro-
grams and enhance host defenses to remove microorganisms. However, because DcR3 can
inhibit apoptosis of infected cells, intracellular pathogens may survive and cause chronic infec-
tion. Further studies should extend the observation time past 24 h to evaluate the effects of
DcR3 on CLP-induced mice, as well as to examine the efficacy of DcR3 in patients in the clini-
cal setting.

Taken together, our results suggest that DcR3 may have a vital role in the balance of pro-
inflammatory and anti-inflammatory responses during sepsis. Because the available therapeu-
tic strategies for sepsis are limited, DcR3 alone or in combination with antibiotics may be bene-
ficial for patients with sepsis.
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