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Sepsis, a leading cause of death worldwide, involves proinflammatory responses and inefficient bacterial
clearance. Previously, we have shown that CD137 (4-1BB), a member of the tumor necrosis factor receptor
superfamily, plays critical roles in eradicating infective Listeria monocytogenes, a gram-positive bacterium, and
that stimulation of CD137 protects mice from sepsis-induced death. In this study, we unexpectedly found that
CD137 activation aggravated polymicrobial sepsis due to mixed gram-positive and gram-negative bacterial
infection induced by cecal ligation and puncture (CLP). CD137-deficient (CD137�/�) mice showed significantly
lower mortality than CD137-sufficient (CD137�/�) mice in the CLP model. Administration of an agonistic
anti-CD137 monoclonal antibody (MAb) to CD137�/� mice decreased their survival in this infection model,
while administration of a blocking anti-CD137 ligand MAb (TKS-1) to such mice increased their survival.
CD137�/� mice and TKS-1-treated CD137�/� mice had lower levels of chemokines/proinflammatory cytokines
(monocyte chemoattractant protein 1, interleukin-6 [IL-6], tumor necrosis factor alpha, IL-12) and an anti-
inflammatory cytokine (IL-10), exhibited improved bacterial clearance in the peritoneum, liver, and blood, and
had greater numbers of infiltrated peritoneal neutrophils and macrophages in the CLP model than control
mice. Our data suggest that CD137 activation aggravates polymicrobial sepsis induced by CLP.

Sepsis is a serious disorder with high rates of morbidity and
mortality. The incidence of sepsis in North America has been
reported to be 3.0 per 1,000 people, which means that there are
750,000 cases annually; 210,000 of these cases are fatal, and the
socioeconomic burden is great (31). The sepsis syndrome de-
velops when the initial host response to infection results in
inefficient bacterial clearance and becomes excessive, produc-
ing widespread inflammation and multiorgan failure (29, 30). It
is estimated that gram-positive, gram-negative, and polymicro-
bial sepsis accounted for 30 to 50%, 25 to 30%, and 25% of all
cases, respectively, in the year 2000 (4).

The first host response against an invading pathogen in-
volves the recruitment of leukocytes, such as neutrophils and
monocytes, to infectious foci and their activation, which allows
these cells to successfully localize, kill, and clear the pathogen
(19). Sepsis-induced mortality is also characterized by high
levels of chemokines/proinflammatory cytokines (monocyte
chemoattractant protein 1 [MCP-1], interleukin-6 [IL-6], tu-
mor necrosis factor alpha [TNF-�], IL-12, gamma interferon).
The cecal ligation and puncture (CLP) rodent model has been
developed as a suitable animal model for polymicrobial sepsis
in humans since it can produce symptoms (i.e., appendicitis
and peritonitis) similar to those of patients with sepsis (10, 16,

20, 22, 23). This CLP model produces a hyperdynamic, hyper-
metabolic state that can lead to a hypodynamic, hypometabolic
stage and eventually death. It has been used extensively to
investigate the clinical manifestations of sepsis and septic
shock (5, 13, 14).

CD137 is a member of the tumor necrosis factor receptor
superfamily, and its role as an activating T-cell costimulatory
molecule has been well defined (2). However, CD137 is also
expressed on a variety of innate immune cells, and it induces
responses such as tumor rejection by natural killer cells, pro-
duction of cytokines by dendritic cells, proliferation, survival,
cytokine production in monocytes, and abrogation of the gran-
ulocyte-macrophage colony-stimulating factor-mediated anti-
apoptotic action of human neutrophils (1, 3, 8, 9, 15, 21, 26).
Previously, we showed that CD137 is expressed on neutrophils
and that CD137-deficient (CD137�/�) mice are very suscepti-
ble to infection by Listeria monocytogenes, a gram-positive in-
tracellular bacterium, because the antilisterial activity of their
neutrophils is defective (18). Furthermore, administration of
agonistic anti-CD137 monoclonal antibody (MAb) to L. mono-
cytogenes-infected mice rescued them from death, while all
control antibody-treated mice died (17). In contrast, other
investigators have shown that CD137�/� and CD137 ligand-
deficient (CD137L�/�) mice are resistant to septic shock in-
duced by lipopolysaccharide (LPS), a major inflammatory
component of gram-negative bacteria (40). They also showed
that blocking the CD137-CD137L pathway with antibody re-
versed LPS-induced septic shock in CD137�/� mice. There-
fore, it seemed likely that CD137 has different roles depending
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on the infecting bacterial species. To further characterize the
role of CD137 in bacterial infections, we investigated its role
using a CLP-induced polymicrobial sepsis model, which in-
volves various gram-negative and -positive bacteria. We found
that CD137-deficient mice were resistant to CLP-induced sep-
sis and that blocking CD137 signaling improved the outcome
of sepsis, while administration of agonistic anti-CD137 anti-
body aggravated sepsis.

MATERIALS AND METHODS

Mice. Male wild-type BALB/c mice (CD137�/�) were purchased from Orient
Bio-Charles River (Seoul, Republic of Korea). CD137-deficient BALB/c mice
(CD137�/�) and their littermates were a kind gift from B. S. Kwon (Korean
National Cancer Center) (26). Mice were used when they were 7 to 9 weeks old.
All experiments were conducted according to the regulations of the Animal
Committee of the University of Ulsan.

Antibodies. Hybridomas producing a neutralizing MAb against CD137L
(TKS-1) (17) and an agonistic MAb against CD137 (3E1) (15) were kind gifts
from H. Yagita (Juntendo University, Tokyo, Japan) and R. Mittler (Emory
University, Atlanta, GA), respectively. The MAbs were produced from ascites of
nude mice and were purified with a protein G column (Sigma-Aldrich, St. Louis,
MO). Control rat immunoglobulin G (IgG) was purchased from Sigma. The
following antibodies were obtained from BD PharMingen (San Diego, CA):
phycoerythrin (PE)-conjugated anti-Ly6G, PE-conjugated anti-F4/80, fluores-
cein isothiocyanate (FITC)-conjugated anti-CD11b, FITC-conjugated anti-Fas,
and FITC-conjugated anti-annexin V antibodies. To obtain heat-inactivated 3E1
(HI-3E1) and heat-inactivated TKS-1 (HI-TKS-1), 3E1 and TKS-1 were incu-
bated for 20 min at 80°C.

Induction of sepsis by CLP. Sepsis was induced by CLP as previously described
(7, 24, 25, 32, 39). Briefly, mice were anesthetized by intraperitoneal injection of
a mixture of Zoletil 50 (50 mg/kg) and Rompun (10 mg/kg). Under sterile
conditions, a 1- to 2-cm incision was made in the lower left abdomen, and the
cecum was exposed. The distal portion of the cecum was ligated with a 4-0 silk
suture, punctured twice with a 21- or 26-gauge needle, and replaced in the
peritoneal cavity, and the peritoneal wall and skin incisions were closed. Sham-
operated mice were subjected to similar laparotomy without CLP. Immediately
after surgery, all animals received a subcutaneous injection of 1 ml of sterile
saline (0.9% NaCl). Survival was recorded every 12 h for 7 days.

Analysis of blood and leukocytes in the peritoneal cavity. At 4, 8, 16, and 24 h
after surgery using a 21-gauge needle for CLP, mice (�6 mice/group) were killed,
and blood was collected and saved for analysis of bacteria and cytokines. The
peritoneal cavities were washed with 3 ml of sterile phosphate-buffered saline
(PBS), and the lavage fluids were collected. After a 10-�l aliquot of the lavage
fluid was removed for assessment of the bacterial CFU, the remaining fluid was
centrifuged at 400 � g for 5 min at 4°C, and the supernatants were collected and
stored at �80°C to determine cytokine concentrations. The cell pellets were
treated with red blood cell lysing buffer, washed twice, and resuspended in PBS
containing 3 mM EDTA. For flow cytometry, cells were incubated with 1 �g/ml
of anti-mouse Fc� MAb (clone 2.4G2) for 15 min to block nonspecific binding of
MAbs and then stained with 1 �g/ml of FITC- or PE-conjugated anti-CD11b,
-Ly6G, -F4/80, -Fas, or -annexin V MAb.

Bacterial counts. Serial dilutions of homogenized liver samples (200- to
500-mg samples in 2 ml sterile saline), whole blood, and peritoneal lavage fluid
were plated on tryptic soy and brain heart infusion agar plates. The tryptic soy
agar plates were incubated aerobically at 37°C for 24 h, and the brain heart
infusion agar plates were incubated anaerobically for 48 h. Colonies were
counted, and the results are expressed below in CFU/ml, CFU/g, and CFU/
mouse for blood, liver, and peritoneal lavage fluid samples, respectively, as
previously described (34).

Cytokine analysis with CBA. The cytokines in the peritoneal exudates and sera
were quantified using a cytometric bead array (CBA) kit (BD Biosciences) with
a FACSCaliber cytometer equipped with CellQuestPro and CBA software. Ac-
cording to the manufacturers, the theoretical lower limits of detection of IL-6,
IL-10, MCP-1, TNF-�, and IL-12 are 5.0, 17.5, 52.7, 7.3, and 10.7 pg/ml, respec-
tively.

Statistical analysis. All data were analyzed using GraphPad Prism software
(GraphPad Software, San Diego, CA). Survival curves were analyzed by using a
log rank test, and paired data were analyzed using a t test. Means and standard
errors of the means were calculated in experiments with multiple data points. A
P value of �0.05 was considered statistically significant.

RESULTS

CD137-deficient mice are resistant to CLP-induced sepsis.
First, we compared the survival rates of CD137�/� mice and
their wild-type littermates (CD137�/�) in the CLP sepsis
model. In the severe sepsis experiment (using 21-gauge needles
and two punctures), only 33% of the CD137�/� mice (6 of 18
mice) were alive on day 2 post-CLP, compared to 74% of the
CD137�/� mice (17 of 23 mice) (Fig. 1, left panel). By day 7
post-CLP, nearly all of the CD137�/� mice were dead (17 of 18
mice; 5% survival), whereas no more CD137�/� mice had died.
In the moderate CLP experiment (using 26-gauge needles and
two punctures), the CD137�/� mice were also more resistant
to sepsis than the CD137�/� mice (Fig. 1, right panel). On day
7 post-CLP, 90% of the CD137�/� mice were still alive (9 of 10
mice), compared to 50% of the CD137�/� mice (5 of 10 mice).
Sham surgery did not cause any mortality, and the survival of
CD137�/� mice having a C57BL/6 background with CLP-in-
duced sepsis was also greater than that of wild-type C57BL/6
mice with CLP-induced sepsis, indicating that the CD137 ef-
fects were not mouse strain specific (data not shown).

Blocking CD137 signaling increases the survival of mice
with CLP-induced sepsis, whereas stimulation of CD137 de-
creases it. Our finding that CD137-deficient mice were more
resistant to CLP-induced sepsis prompted us to investigate
whether blocking or stimulating CD137 signaling affected the
severity of sepsis. TKS-1 and 3E1 are MAbs which bind to
CD137L and CD137, respectively. It has been shown that
TKS-1 blocks CD137 signaling by binding to CD137L and
inhibiting CD137-CD137L interactions (37). 3E1 has been
used as an agonistic antibody that stimulates CD137 signaling
in a variety of immune cells, including T cells, dendritic cells,
natural killer cells, and neutrophils (1, 3, 9, 17, 18, 21). Wild-
type mice were inoculated intraperitoneally with control anti-
body, TKS-1, or 3E1 and the CLP procedure was performed
2 h later. Figure 2A shows that treatment with TKS-1 increased
the survival of the mice in a dose-dependent manner. On day
7 post-CLP, the survival rate for mice treated with 200 �g
TKS-1 was 62.5% (10 of 16 mice), while that for control mice

FIG. 1. The level of survival of CD137�/� mice with CLP-induced
sepsis is higher than that of CD137�/� mice. BALB/c CD137�/� mice
and CD137�/� littermates were subjected to CLP using 21-gauge (left
panel) or 26-gauge (right panel) needles and two punctures. Sham-
treated mice were subjected to laparotomy without CLP, and mouse
survival was monitored every 12 h for 7 days. Each group contained 10
to 23 mice, and the results of two or three different experiments were
pooled. �, P � 0.05 for a comparison with CD137�/� mice, as deter-
mined by a log rank test; ���, P � 0.001 for a comparison with
CD137�/� mice, as determined by a log rank test.
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was only 20% (3 of 15 mice). Conversely, 3E1 treatment sig-
nificantly reduced the survival of mice with CLP-induced sepsis
(Fig. 2B). The survival rate for control antibody-treated mice
on day 5 was 60% (12 of 20 mice) in the moderate CLP model,
and that for the 3E1-treated mice was only 10% (2 of 20 mice).
Since neither TKS-1 pretreatment nor 3E1 pretreatment af-
fected the survival of CD137�/� mice in the CLP model, the
effects described above were clearly CD137 dependent (Fig.
2C). In addition, another clone of an agonistic antibody, 3H3,
had the same aggravating effect on CLP as 3E1 (data not
shown), and HI-3E1 and HI-TKS-1 had little effect on the
survival of CLP-treated mice, indicating that the effects of the
antibodies were due to specific inhibition or triggering of
CD137 (Fig. 2A and B).

The enhanced survival of mice with CLP-induced sepsis in
the absence of CD137 signaling is correlated with enhanced
clearance of bacteria. We investigated whether the enhanced
survival of mice with CLP-induced sepsis resulting from
CD137 deficiency or CD137 blockade was related to enhanced
bacterial clearance. As shown in Fig. 3A, the bacterial clear-
ance in the organs of CD137�/� mice in the CLP model was
greater to that in the organs of CD137�/� mice. At 24 h
post-CLP, the numbers of CFU of aerobes and anaerobes in
the blood, peritoneum, and liver of CD137�/� mice were 70 to
90 times lower than those in the CD137�/� mice (Fig. 3A). The
number of CFU at 8 h post-CLP exhibited the same pattern
(data not shown).

Modulation of CD137 signaling using antibodies also af-
fected the bacterial clearance rates in mice with CLP-induced
sepsis. Administration of TKS-1 decreased the number of bac-
teria in the organs of mice with CLP-induced sepsis, while
administration of 3E1 increased the number of bacteria (Fig.
3B). The numbers of CFU for 3E1-treated mice were twofold
higher than those for control antibody-treated mice, while the
numbers of CFU for TKS-1-treated mice were about 80 times
lower. These results indicate that stimulation of CD137 signal-
ing reduces bacterial clearance and leads to decreased survival
of mice with induced sepsis.

CD137 blockade increases leukocyte infiltration into the
peritoneal cavity during CLP-induced sepsis. In the CLP-in-
duced sepsis model, neutrophils and monocytes are first re-
cruited into the peritoneum and play an important role in the

host defense (19, 24, 25). A possible explanation for the in-
creased bacterial clearance and survival rates of CD137-defi-
cient mice was the potential difference in the leukocyte popu-
lations recruited to the peritoneum after CLP. As shown in Fig.
4A, at 16 h post-CLP, CD137�/� mice always had a higher
number of infiltrated peritoneal cells, including neutrophils
and monocytes/macrophages, than CD137�/� mice. Most of
peritoneal cells were neutrophils, and the percentage of neu-
trophils and monocytes/macrophages among the peritoneal
cells in CD137�/� mice was also higher than the percentage in
CD137�/� mice at 4, 8, 16, and 24 h post-CLP (data not
shown). These results suggested that the enhanced bacterial
clearance in the CD137�/� mice might be due to the greater
neutrophil and monocyte/macrophage recruitment into the
peritoneal cavity after CLP.

Blocking CD137 signaling by treatment with TKS-1 also
stimulated infiltration of neutrophils and macrophages into the
peritoneum of CLP-induced mice (Fig. 4B). Interestingly, in-
jection of 3E1 also increased the number of neutrophils, but
the neutrophils had higher levels of Fas and annexin V, which
are indicators of early apoptotic cells (Fig. 4C).

CD137�/� mice and TKS-1-treated mice have lower levels of
chemokines/proinflammatory cytokines after CLP. Since the
severity of sepsis is correlated with the levels of proinflamma-
tory cytokines (22, 25) and the anti-inflammatory cytokine
IL-10 suppresses infiltration of neutrophils and macrophages
in murine peritonitis (6, 37), we compared the levels of cyto-
kines in CD137�/� and CD137�/� mice in the CLP model. As
shown in Fig. 5A, the levels of chemokines/proinflammatory
cytokines (MCP-1, IL-6, TNF-�, IL-12) and IL-10 in the peri-
toneum and serum of CD137�/� mice were significantly lower
than the levels in the peritoneum and serum of CD137�/� mice
up to 24 h post-CLP. In the peritoneum (Fig. 5A, top panel),
all cytokine levels peaked at 16 h post-CLP and decreased
thereafter. It is noteworthy that the times of peak cytokine
levels were the same as those of leukocyte recruitment. The
kinetics of cytokine levels in the serum were the same as the
kinetics in peritoneum in both CD137�/� and CD137�/� mice
(Fig. 5A, bottom panel).

In addition, administration of 3E1 increased the levels of
cytokines in the mice with CLP-induced sepsis, while admin-
istration of TKS-1 decreased these levels (Fig. 5B). It is clear,

FIG. 2. Blocking CD137 signaling in CLP increases survival, while stimulation of CD137 decreases survival. (A) CD137�/� BALB/c mice were
inoculated intraperitoneally with rat IgG (200 �g), 3E1 (100 or 200 �g), or HI-TKS-1 (200 �g). After 2 h, they were subjected to CLP using
21-gauge needles and two punctures. (B) CD137�/� mice were inoculated intraperitoneally with 200 �g of rat IgG, 3E1, or HI-3E1. After 2 h, they
were subjected to CLP using 26-gauge needles. (C) CD137�/� mice were treated intraperitoneally with 200 �g of TKS-1, 3E1, or rat IgG 2 h before
CLP using 21-gauge needles. Mouse survival was determined for 7 days. Each group contained 10 to 20 mice, and the results of two or three
different experiments were pooled. ��, P � 0.01 for a comparison with rat IgG-treated mice, as determined by a log rank test.
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therefore, that CD137 signaling enhanced the levels of chemo-
kines/proinflammatory cytokines, while blocking CD137 sig-
naling reduced their levels, and this effect may well have in-
fluenced the levels of survival of mice with CLP-induced sepsis.

DISCUSSION

In this study, we show that CD137 is detrimental to mice
with polymicrobial CLP-induced sepsis because of reduced
antibacterial activities caused by CD137 signaling. First, the
survival rates of CD137-deficient mice are higher, and the
numbers of bacteria in their tissues are lower. Second, inhibi-
tion of the CD137 interaction with CD137L by administration
of anti-CD137L antibody increases the survival of mice with
CLP-induced sepsis. Last, activation of CD137 by injection of
agonistic anti-CD137 antibody decreases the survival of mice
with sepsis.

CD137 is expressed on a variety of immune cells, including
activated T cells, dendritic cells, neutrophils, and natural killer
cells, while CD137L is expressed exclusively on antigen-pre-
senting cells, such as dendritic cells. This expression pattern
raises the possibility that CD137-CD137L interactions are in-
volved in multiple steps in innate and adaptive immune re-
sponses (35). However, although the role of CD137 as a co-
stimulatory molecule in T-cell activation and differentiation

has been well established, its roles in bacterial infections are
poorly understood, except for our previous report that CD137-
deficient mice are more susceptible to sepsis induced by L.
monocytogenes (a gram-positive intracellular bacterium) (18).
Recently, we demonstrated that injection of agonistic anti-
CD137 antibody into CD137-sufficient mice significantly en-
hanced the survival of Listeria-infected mice (17). However,
our previous observations of the effect of CD137 in Listeria
infections are opposite the results of the present study with the
CLP model. We hypothesize that CD137 plays opposite roles
in gram-negative and gram-positive bacterial infections in com-
bination with signaling via Toll-like receptors (TLRs). TLRs
are pattern recognition receptors that play critical roles in the
recognition of pathogen molecules. TLR4 recognizes predom-
inantly the LPS of gram-negative bacteria, while TLR2 binds
primarily gram-positive bacterial cell wall components (12). In
a previous study we showed that combined activation of neu-
trophils with anti-CD137 antibody and heat-killed L. monocy-
togenes had a strong synergistic effect on the production of IL-6
and TNF-� (17). Although we did not examine combined
TLR4 and CD137 signaling, it is possible that the signals ag-
gravate sepsis in gram-negative bacterial infections. Other in-
vestigators have also shown that CD137�/� mice are more
resistant to LPS-induced septic shock than wild-type mice (40),
which is consistent with our present finding that CD137�/�

FIG. 3. Enhanced bacterial clearance in the absence of CD137 signaling after CLP. (A) CD137�/� and CD137�/� mice were subjected to CLP
using 21-gauge needles. After 24 h, they were killed to obtain blood, peritoneal wash fluid, and liver homogenates. Aerobic and anaerobic bacterial
colony counts were obtained as described in Materials and Methods. The results are expressed in CFU/ml of blood, CFU/g of liver, and CFU/ml
of peritoneal lavage fluid. The data are data from three pooled experiments, and each group contained six to eight mice. (B) BALB/c CD137�/�

mice were inoculated intraperitoneally with 200 �g of 3E1, TKS-1, or rat IgG. After 2 h, they were subjected to CLP using 21-gauge needles. The
numbers of bacteria in the blood, liver, and peritoneum at 16 h post-CLP were determined as described above for panel A. The data are means
and standard errors of the means obtained for individual mice and are representative of at least three independent experiments in which each group
contained six to eight mice. # and *, P � 0.05 for a comparison with rat IgG-treated mice or CD137�/� mice; ## and **, P � 0.01 for a comparison
with rat IgG-treated mice or CD137�/� mice.
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mice with polymicrobial sepsis have higher survival rates. Thus,
CD137 signaling in combination with TLR stimulation by a
gram-positive bacterium may convert neutrophils into efficient
bacterium-killing cells, while CD137 signaling in combination
with TLR stimulation by a gram-negative bacterium may ag-
gravate sepsis. Further studies are needed to address these
possibilities.

In the CLP model, mouse survival is closely correlated with
the numbers of bacterial CFU in tissues, infiltration of neutro-
phils and monocytes/macrophages, and levels of cytokines and
chemokines. Bacteria spreading from infection sites and enter-
ing the bloodstream are rapidly trapped in the liver, bound to
the surface of Kupffer cells and macrophages in the liver, and
subsequently killed by infiltrated neutrophils (11, 27, 38). The
liver is impaired in mice with lethal sepsis induced by CLP and
also in humans with sepsis, and this impairment is associated
with ineffective bacterial clearance, leading to bacterial dissem-
ination and high mortality rates (4, 22, 25). Cytokines and
chemokines play a critical role in recruitment of leukocytes to
inflamed tissues, but they are often described as double-edged
swords. An appropriate concentration of cytokines is necessary
for the recruitment and activation of immune cells in response
to foreign antigens, but when excess cytokines are produced,
they damage the host. A successful host defense response
during sepsis requires a fine balance of anti- and proinflam-

matory cytokines (25). Several reports have demonstrated that
inflammatory cytokines can serve as both markers and media-
tors of the severity of sepsis and that elevated levels of these
cytokines predict mortality following CLP (22, 33, 36). In the
present study we found that the absence of CD137 or blockade
of the CD137-CD137L interaction following CLP led to a
marked increase in survival accompanied by an almost twofold-
lower number of bacteria in the liver and reduced levels of
chemokines/proinflammatory cytokines (MCP-1, IL-6, TNF-�,
IL-12). In contrast, CD137 activation by injection of agonistic
antibody 3E1 decreased survival, and there were concurrent
increases in the levels of cytokines and chemokines and in the
numbers of bacteria in the liver. We also found that CD137
interfered with infiltration of cells into infection sites. The use
of CD137�/� mice or blocking the CD137-CD137L interaction
by administering anti-CD137L MAb following CLP resulted in
significant increases in the numbers of neutrophils and mac-
rophages (Fig. 4). Although we do not know the mechanism by
which CD137 suppresses cell infiltration in CLP-induced sep-
sis, this mechanism may well involve IL-10. It has been shown
that IL-10 strongly suppresses infiltration of neutrophils and
macrophages into the peritoneum in a murine peritonitis
model (6, 37), and our results also show that serum and peri-
toneal IL-10 levels in CLP-treated mice are inversely corre-

FIG. 4. Blocking CD137 signaling increases the number of peritoneal cells in mice subjected to CLP. (A) CD137�/� and CD137�/� mice were
subjected to CLP. At 16 h post-CLP, the peritoneal cavities were washed with 3 ml of sterile PBS. The cells were harvested by centrifugation,
counted, stained with PE-conjugated anti-Ly6G or -F4/80 or FITC-conjugated anti-CD11b antibody and analyzed by fluorescence-activated cell
sorting. CD11b� Ly6G� cells were considered neutrophils, and CD11b� F4/80� cells were considered monocytes/macrophages. (B) BALB/c
CD137�/� mice were inoculated intraperitoneally with 200 �g of 3E1, TKS-1, or rat IgG. After 2 h, they were subjected to CLP using 21-gauge
needles. At 16 h post-CLP, the numbers of total cells, neutrophils, and monocytes/macrophages were determined as described above for panel A.
(C) 3E1 treatment increases the percentage of Fas� and annexin V� neutrophils in CLP mice. The peritoneal cells described above for panel B
were stained with FITC-conjugated anti-Fas or -annexin V or PE-conjugated anti-Ly6G antibody. They were first gated on PE-conjugated Ly6G,
and the percentage of Fas� or annexin V� neutrophils was analyzed by fluorescence-activated cell sorting. The data are means and standard errors
of the means obtained for individual mice and are representative of at least three independent experiments in which each group contained six to
eight mice. # and �, P � 0.05 for a comparison with rat IgG-treated mice or CD137�/� mice; ## and ��, P � 0.01 for a comparison with rat
IgG-treated mice or CD137�/� mice; ���, P � 0.001 for a comparison with rat IgG-treated mice or CD137�/� mice.
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lated with the numbers of infiltrated neutrophils and macro-
phages (Fig. 5).

In conclusion, our results indicate that blockade of CD137
signaling improves and CD137 activation aggravates polymi-
crobial sepsis induced by CLP. This suggests that a regimen
that controls CD137-CD137L interactions may aid in the treat-
ment of clinical sepsis.
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