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Sepsis is a leading cause of death, which is characterized by
uncontrolled inflammatory response. In this study, we report
that caveolin-1, a major component of caveolae, is a critical sur-
vival factor of sepsis.We induced sepsis using a well established
sepsis animal model, cecal ligation and puncture (CLP). CLP
induced 67% fatality in caveolin-1 null mice, but only 27% fatal-
ity in wild type littermates (p � 0.015). Further studies revealed
that mice deficient in caveolin-1 exhibited marked increase in
tumor necrosis factor-� and interleukin-6 production 20 h fol-
lowing CLP treatment, indicating uncontrolled inflammatory
responses in the absence of caveolin-1.Caveolin-1nullmice also
had a significant increase in bacteria number recovered from
liver and spleen, indicating elevated bacterial burdens. In addi-
tion, caveolin-1 null mice had a 2-fold increase in thymocyte
apoptosis compared with wild type littermates, indicating
caveolin-1 as a criticalmodulator of thymocyte apoptosis during
sepsis. In conclusion, our findings demonstrate that caveolin-1
is a critical protective modulator of sepsis in mice. Caveolin-1
exerts its protective function likely through its roles inmodulat-
ing inflammatory response, alleviating bacterial burdens, and
suppressing thymocyte apoptosis.

Sepsis is one of the major causes of death, which claims over
215,000 lives and costs $16.7 billion per year in America alone
(1–3). The death rate from sepsis is high, exceeding 50%, due to
poor understanding of the disease (4). Identifying molecules
involved in sepsis, especially endogenous protective modula-
tors, is of great importance, not only in understanding the
mechanisms but also in providing new insights for efficient
therapies.
Caveolae, a subset of lipid rafts, are microdomains of the

plasma membrane that are enriched in cholesterol and sphin-
golipids (5). In addition to its specific lipid compositions, caveo-

lae also contain abundant signaling molecules such as nitric-
oxide synthase (NOS)3 and TLR4 and Src family tyrosine
kinases, which provide a platform for signal transduction.
Caveolin-1, a 24-kDa protein, is amajor component of caveolae
and has been used as a marker protein of caveolae (6). Disrup-
tion of the caveolin-1 gene leads to loss of caveolae (7), indicat-
ing an essential role of caveolin-1 in caveolae formation. Given
the importance of caveolae in signal transduction, it is not sur-
prising that caveolin-1 has been implicated in a variety of cel-
lular processes such as endocytosis, phagocytosis, and choles-
terol trafficking (5–6, 8).
Evidence from the caveolin-1 null mouse model has estab-

lished an inhibitory role of caveolin-1 in cell proliferation and
tissue homeostasis. For example, mice deficient in caveolin-1
display hypercellularity in lungs and heart (7, 9–10). A number
of studies also suggest a role of caveolin-1 in apoptosis. How-
ever, the role of caveolin-1 in regulating apoptotic cell death is
controversial and seems to be cell type-specific and depend on
stimuli. For example, knockdown of caveolin-1 by short hairpin
RNA sensitized TRAIL-induced apoptosis in HepG2 cells, and
overexpression of caveolin-1 partially blocks TRAIL-induced
apoptosis (11). However, deletion of caveolin-1 protects hyper-
oxia-induced apoptosis via modulation of survivin expression
(12). Using a �-irradiation-induced apoptosis model, Li et al.
(13) reported an increase in the number of apoptotic cells in the
thymus and spleen of caveolin-1 null mice following �-irradia-
tion. Interestingly, Volonte et al. (14) showed that caveolin-1 is
required for doxorubicin-induced apoptosis in the atria. Lympho-
cyte apoptosis is amajor event in sepsis.Whether caveolin-1 plays
a role in lymphocyte apoptosis during sepsis is unknown.
Recent studies revealed that caveolin-1 may play a role in

immunity. Caveolin-1 expression is markedly up-regulated in
response to LPS stimulus in macrophages (15), and the expres-
sion of caveolin-1 attenuates LPS-induced cytokine production
in macrophages (16). Using an endotoxemia animal model,
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Garrean et al. (17) reported that mice lacking caveolin-1 are
more resistant to LPS-induced inflammatory injury to the lung.
Paradoxically, two recent studies revealed that caveolin-1 null
mice display a significant decrease in survival when challenged
with Salmonella enterica sv. Typhimurium (16) or Pseudomo-
nas aeruginosa (18). These studies suggest that caveolin-1 may
respond to LPS and bacterial infections differently, and caveo-
lin-1 may actually play a protective role in sepsis. Although the
endotoxemia animal model is widely used for the study of sep-
sis, and LPS plays an essential role in sepsis, the endotoxemia
animal model does not fully mimic the changes observed in
sepsis (19). For example, TLR4 mutant mice are resistant to
LPS-induced endotoxic animal death but are highly susceptible
to bacteria-induced septic death (20–22). Given the distinct
differences between endotoxemia and sepsis, and a limited
number of studies aimed to clarify the significance of caveolin-1
in sepsis, we have assessed the role of caveolin in sepsis using a
well established and more clinically relevant sepsis animal
model, cecal ligation and puncture (CLP) (23).We demonstrate
that mice deficient in caveolin-1 are more susceptible to
polymicrobial septic death than wild type littermates. Further
studies reveal that caveolin-1 protects against septic death
likely through its roles in modulating inflammatory response,
alleviating bacterial burdens and suppressing thymocyte
apoptosis.

EXPERIMENTAL PROCEDURES

Materials—Fluorescent-conjugated antibody against CD3
(17A2), CD4 (GK1.5), CD8 (53–6.7) or CD19 (ID3), and blood
agar plate (MacConkey II) were from BD Biosciences. ELISA
kits for quantifying TNF-� and IL-6 were from eBioscience.
TheELISAkit for quantifying nitrite/nitrate (NOx) kit was from
Cayman Chemical, and the ELISA kit for quantifying LPS was
from Charles River. Annexin V/PI and TUNEL apoptotic assay
kits were from Roche Applied Science.
Caveolin-1 Null Mice—Caveolin-1 (Cav-1) null mice on

C57BL/6 � 129 background were obtained from the Jackson
ImmunoResearch Laboratories. To eliminate the effect of back-
ground, Cav-1�/� mice were used for breeding, and Cav-1�/�

and Cav-1�/� littermates were used for this study. PCR geno-
typing was performed using a protocol provided by Jackson
ImmunoResearch Laboratories. The animals were fed with a
standard laboratory chow diet. Animal care and experiments
were approved by the Institutional Animal Care and Use Com-
mittee of the University of Kentucky.
CLP Septic AnimalModel—CLPwas performed as described

previously (24). Briefly, 10- to 12-week-old mice were anesthe-
tized by inhalation of 2–5% isoflurane in 100% oxygen using
anesthesia equipment. A midline incision (1.0 cm) was made
below the diaphragm. The cecum was isolated, fully ligated,
punctured twice with a 22-gauge needle, and gently com-
pressed to extrude a small amount of cecalmaterial. The cecum
was returned to the abdomen, and themuscle and skin incisions
were closed with 6–0 Ethilon suture material. The mice were
resuscitated subsequently with 1 ml phosphate-buffered saline
subcutaneously. Sham animals were similarly treated without
ligation/puncture of the cecum.

Determination of Cytokine and Nitric Oxide Levels—10- to
12-week-old mice were euthanized by CO2 inhalation 2, 4, 8,
and 20 h following CLP. The blood was obtained by cardiac
puncture. The serum nitrite/nitrate (NOx) levels were mea-
sured with a nitrite/nitrate kit, which were used to estimate the
generation of NO in vivo; the serum TNF-�, IL-6, corticoster-
one, or LPS levels were quantified with corresponding ELISA
kits.
Myeloperoxidase (MPO) Activity Assay—10- to 12-week-old

mice were euthanized by CO2 inhalation 2, 4, 8, and 20 h fol-
lowing CLP. The lungs were collected, and 50 mg of lung was
homogenized in 1ml of potassiumphosphate-buffered solution
(50 mM, pH 6) containing 50 mM hexadecyltrimethylammo-
nium bromide. The homogenates were sonicated, run through
two freeze-thaw cycles, and centrifuged at 14,000 rpm for 20
min. The supernatant was then collected and mixed 1/30 (v/v)
with assay buffer (0.167mg/ml o-dianisidine hydrochloride and
0.0005%H2O2). Absorbance changewas recorded at 460 nm for
3min, andMPOactivitywas calculated as the change in absorb-
ance per min and normalized by wet lung weight.
Determination of Pulmonary Microvascular Permeability to

Liquid—Caveolin-1 null and wild type littermates were chal-
lenged with CLP for 8 h. Then, themice were anesthetized with
an intraperitoneal injection of ketamine (100 mg/kg) and xyla-
zine (2.5 mg/kg). The lungs and trachea were surgically
exposed. A tracheal cannula was inserted for positive-pressure
ventilation (rate, 120 breaths/min; peak inspiration pressure,
8–10 cm H2O). A polyethylene perfusion cannula (PE-90) was
advanced into the pulmonary artery via a pulmonic valve that
was accessed through a small incision in the right ventricle, and
the cannulawas secured bymeans of a suture encompassing the
pulmonary artery and aorta. The lungs were perfused with
RPMI 1640 medium at a constant flow rate (2 ml/min) using a
peristaltic pump. The lung and heart were rapidly excised from
thoracic cavity and suspended from a steel wire hook attached
to a force displacement transducer (FT03, Grass Telefactor,
West Warwick, RI). The lung weight was zeroed, and subse-
quent weight change due to gain or loss of fluid from the lung
was recorded.
Analysis of Bacteremia and Bacterial Burden—The assays

were performed as described previously (24). Briefly, the blood
and tissues were collected from caveolin-1 null and wild type
littermates 20 h following CLP challenge. To determine bacte-
riaemia, the blood was diluted 1:100 and 1:1000 with phos-
phate-buffered saline, and 20 �l of the diluted blood was plated
on aMacConkey II agar plate. After a 24-h incubation at 37 °C,
the number of clones was counted. To determine the bacterial
burden, total DNA was isolated from 30 mg of liver or spleen
using DNeasy kit (Qiagen), and quantitative PCR was per-
formed with bacteria specific primers (forward, 5�-GAG-
GAAGGIGIGGAIGACGT-3�; reverse, 5�-AGGAGGTGATC-
CAACCGCA-3�) using a certain number of DH-5� bacteria as
standard.
Flow Cytometry Analysis of Lymphocyte Apoptosis and

Homeostasis during Sepsis—Massive lymphocytes die during
sepsis due to apoptosis. We analyzed lymphocyte apoptosis
with two independent methods, annexin V/PI and TUNEL
staining.We also determinedT andB lymphocyte homeostasis.
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Briefly, CLP was performed on 10- to 12-week-old mice. After
18 h, the thymi and spleens were harvested, and single cell sus-
pension was prepared using Stomacher 80 (Seward). The
splenocytes were incubated in ACK lysing buffer to remove red
blood cells. The cells were then labeled with annexin V/PI,
TUNEL, and lymphocytemarkers following themanufacturer’s
instructions. Apoptotic cells were quantified with flow cytom-
eter FACSCalibur (BD Biosciences).
Statistical Analysis—The survival assay was analyzed by a

Log-Rank x2 test using SAS software. Significance in experi-
ments comparing two groups was determined by a two-tailed
Student’s t test. Values are reported as themean� S.D. A value
of p � 0.05 was considered significant.

RESULTS AND DISCUSSION

Caveolin-1 Protects against Septic Death in Mice—We
employed a CLP sepsis model to determine the role of caveo-
lin-1 in polymicrobial sepsis. In contrast to resistant to LPS-
induced endotoxic animal death in caveolin-1 null mice (17),
caveolin-1 null mice were more susceptible to CLP-induced
septic death (p � 0.015, Fig. 1). CLP treatment induced 67%
fatality in caveolin-1 null mice but only 27% fatality in wild type
littermates. This finding indicates that caveolin-1 is a critical
protective factor of sepsis, and caveolin-1 plays distinct roles in
endotoxemia and sepsis.
Effect of Caveolin-1 on CLP-induced Lung Injury—Caveo-

lin-1 is abundantly expressed in lungs. Using an LPS-induced
endotoxemia animal model, Garrean et al. (17) showed that
the deficiency of caveolin-1 protects against LPS-induced
lung injury as assessed by lower MPO activity, less edema
formation, and lower micro vascular permeability. We
assessed the effect of caveolin-1 on CLP-induced lung injury
by quantifying MPO activity, edema formation, and micro-
vascular permeability. As shown in Fig. 2a, MPO activity was
markedly increased 2 h following CLP treatment. However,
there was no difference in MPO activity between caveolin-1
null and wild type control mice. Edema formation was deter-
mined by measuring the lung wet to dry ratio 8 h following
CLP treatment. No increase in the wet/dry ratio was
observed in CLP-treated wild type mice compared with
sham-treated wild type mice (Fig. 2b). This finding is con-
sistent with early studies showing that CLP does not induce

edema formation in wild type mice (25). Interestingly, there
was no increase in wet/dry ratio in CLP-treated caveolin-1
null compared with sham-treated caveolin-1 null mice (Fig.
2b), indicating no edema formation in caveolin-1 null mice
during sepsis. We then used the isolated-perfused lung
model to determine lung microvessel infiltration coefficient
(Kf,c), a quantitative measurement of vascular endothelial
permeability to liquid. As shown in Fig. 2c, no changes in Kf,c
value were observed between sham- and CLP-treated cavo-
lin-1 null mice. We observed a small increase in the Kf,c value
in lungs from CLP-treated wild type mice compared with
sham-treated wild type mice, but the difference was not sta-
tistically significant. Of note, compared with the marked
increase in Kf,c value in LPS-challenged wild type mice (17),
the Kf,c value observed in CLP-challenged wild type mice was
10-fold less than the Kf,c value observed in LPS-treated mice,
which indicates that the lung injury in CLP-treated wild type

FIGURE 1. Caveolin-1 protects against septic death in mice. Caveolin-1 null
mice (solid triangle, n � 18) and wild type littermates (solid square, n � 22)
were treated with CLP, and survival was observed for 5 days. The data are
expressed as the percentage of mice surviving at indicated times. p � 0.015
versus wild type.

FIGURE 2. Effect of caveolin-1 on CLP-induced lung injury. a, effect of
caveolin-1 on MPO activity. Caveolin-1 null mice (solid triangle) and wild type
littermates (solid square) were treated with CLP for 2, 4, 8, and 20 h, and MPO
activity in lung was quantified (n � 6 per group, mean � S.D.). b, effect of
caveolin-1 on pulmonary edema formation. Caveolin-1 null mice (solid) and
wild type littermates (open) were treated with CLP or sham. After 8 h, the lung
was collected, and wet/dry ratio was determined (n � 5 per group, mean �
S.D.). c, effect of caveolin-1 on pulmonary microvascular permeability. Caveo-
lin-1 null mice (solid) and wild type littermates (open) were treated with CLP or
sham for 8 h. Then, the lungs were isolated, and lung microvascular perme-
ability was assessed by measuring microvessel infiltration coefficient (Kf,c)
(n � 5 per group, mean � S.D.).
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mice is milder compared with LPS-treated wild type mice.
Taken together, the above data indicate that CLP treatment
does not cause significant lung injury in caveolin-1 null mice.
Therefore, it is unlikely that lung injury accounts for the
increased fatality observed in caveolin-1 null mice.
Uncontrolled Inflammatory Response in Caveolin-1 Null

Mice during Sepsis—Rapid innate immune response that gen-
erates high levels of inflammatory cytokines constitutes the first
line of a self defense system against bacterial infections. How-
ever, uncontrolled production of cytokines is a major cause of
septic death (26). To understand why caveolin-1 null mice are
susceptible to septic death, we assessed inflammatory cytokine
production in CLP-treated caveolin-1 null and wild type litter-
mates. We treated the mice with CLP for 2, 4, 8, and 20 h and
determined the serum cytokine levels. As shown in Fig. 3,
caveolin-1 null andwild typemice exhibited distinct inflamma-
tory responses during sepsis.Wild typemice exhibited a typical
acute phase response with a rapid induction of TNF-� and IL-6
in the early stage of sepsis (2 to 4 h) and significant decrease in
TNF-� and IL-6 levels thereafter. In contrast, caveolin-1 null
mice exhibited exaggerated inflammatory cytokine generation

during sepsis. The serum TNF-� and IL-6 levels continued to
increase 4 h after CLP treatment in caveolin-1 null mice and
3–4-fold higher than that of wild type littermates by 20 h,
which indicates a prolonged and uncontrolled cytokine gener-
ation in the absence of caveolin-1 (Fig. 3, a and b).
Like cytokines, NO is another key molecule in innate

immune response during sepsis (27). Upon bacterial infections,
iNOS expression in macrophages is dramatically induced to
generate high level of NO, which is used to kill bacteria and
modulate immune reactions (27). However, too much NO is
deleterious and can cause oxidative cell damage (28). Given the
fact that caveolin-1 inhibits eNOS activity through its binding
to eNOS (29), and there is a temporal reduction in iNOS
expression in LPS-treated eNOS null mice (30), it is plausible to
predict that mice deficient in caveolin-1 may have augmented
NO production during sepsis. We measured serum nitrite and
nitrate (NOx) levels to determine whether caveolin-1 affects
NO production in sepsis. Unexpectedly, caveolin-1 null mice
exhibited similar NO production compared with wild type lit-
termates during sepsis. Both caveolin-1 null mice and wild type
littermates showed a rapid production of NO in the early stage
of sepsis (2 to 8 h) and gradual decrease in NO levels by 20 h
(Fig. 3c). Our data indicate that the NO production is unlikely
responsible for the increased septic death observed in caveo-
lin-1 null mice.
Available evidence suggests that caveolin-1 may regulate

inflammatory response through its role in macrophages. The

FIGURE 3. Uncontrolled inflammatory response in caveolin-1 null mice
during sepsis. Caveolin-1 null mice and wild type littermates were treated
with CLP for 2, 4, 8, and 20 h, and the serum concentrations of TNF-� (a), IL-6
(b), and NOx (c) were quantified. n � 6 per group with triplicate measure-
ments, mean � S.D. *, p � 0.05 versus wild type.

FIGURE 4. Elevated bacterial burdens in caveolin-1 null mice in sepsis.
Caveolin-1 null mice (solid) and wild type littermates (open) were treated with
CLP for 20 h. The number of bacteria in blood (a), liver (b), and spleen (c) were
determined as described under “Experimental Procedures.” n � 10 per group
with triplicate measurements, mean � S.D. *, p � 0.05 versus wild type.
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expression of caveolin-1 in macrophages is up-regulated in
response to LPS stimulus (15). Furthermore, numerous studies
demonstrated that caveolin-1 attenuates LPS-induced cytokine
production in macrophages (16, 31–32). Utilizing RAW264 and
peritoneal macrophages, Wang et al. (31–32) demonstrated that
caveolin-1 attenuates inflammatory cytokine generation. The
authors further showed that caveolin-1 inhibits LPS-TLR4 signal-
ing by directly binding to TLR4, which prevents TLR4 association
withMyD88andTIR-domain-containing adapter-inducing inter-
feron-�, and by suppressing the activation of extracellular signal-
regulated kinase (ERK)1/2MAPK, c-JunN-terminal kinase (JNK)
MAPK, andphosphatidylinositol 3-kinase.To testwhether caveo-
lin-1plays a role inmacrophages in vivo,weelucidated theeffectof
caveolin-1 on inflammatory cytokine expression in liver, the larg-
est pool ofmacrophages in vivo. Quantitative real time-PCR anal-
ysis revealed that caveolin-1 null mice have a �2-fold increase in
TNF-� and IL-6 expression than that of wild type controls 4 h
post-CLP challenge. Given that macrophages are major cells pro-
ducing inflammatory cytokines during sepsis (33–34), these in vitro
and in vivo data provide amechanistic explanation, at least partly,
for our findings that caveolin-1 attenuates systemic inflammatory
response during sepsis and protects against septic death.
Elevated Bacterial Burdens in Caveolin-1 Null Mice in Sepsis—

Caveolae have been implicated in endocytosis and phagocyto-
sis. A number of in vitro studies showed that caveolin-1 is
involved in the uptake of bacteria (13, 18, 35). A more recent
report showed that mice deficient in caveolin-1 have elevated
bacterial burden when infected with P. aeruginosa (18). These
findings suggest that caveolin-1 might play a role in bacterial

clearance in sepsis. To further
explore the mechanisms underly-
ing caveolin-1 protection against
polymicrobial sepsis, we investi-
gated the effects of caveolin-1 on
bacterial burden. We collected
blood from CLP-challenged mice
and quantified bacteria using blood
agar culture. As shown in Fig. 4a,
caveolin-1 null mice tended to have
a higher bacteria number compared
with wild type littermates 20 h after
CLP challenge, though the differ-
ence is not statistically significant
due to variation among mice (p �
0.28).We further determined bacte-
rial burdens in the liver and spleen
inCLP-challengedmice. Caveolin-1
null mice had a significant increase
in bacteria number in the liver and
spleen compared with wild type lit-
termates (Fig. 4, b and c).

We notice that there is a discon-
nection between enhanced inflam-
mation and compromised bacterial
killing in CLP-challenged caveo-
lin-1 null mice. Two important
functions of caveolin-1 may con-
tribute to this paradoxical phenom-

enon. Utilizing RAW264 and peritoneal macrophages,Wang et
al. (31–32) demonstrated that caveolin-1 attenuates inflamma-
tory cytokine generation. Macrophages are major cells respon-
sible for cytokine generation. These in vitro data provide an
explanation for enhanced systemic inflammatory response
observed in mice deficient in caveolin-1 during sepsis; utilizing
in vitro phagocytosis assay, Li et al. (13) demonstrated that peri-
tonealmacrophages fromcaveolin-1 nullmice exhibit impaired
phagocytosis of Escherichia coli. Macrophages also play a key
role in bacterial clearance. This decrease in phagocytic ability
observed in caveolin-1 null macrophages provides an explana-
tion for increased bacterial burdens during sepsis. Our findings
uncover a role of caveolin-1 in alleviating bacterial burdens in
sepsis and warrant further effort to determine how caveolin-1
regulates bacteria uptake and removal during sepsis.
Elevated Thymocyte Apoptosis and Altered Lymphocyte

Homeostasis in Caveolin-1 Null Mice during Sepsis—During
sepsis, massive lymphocytes die from apoptosis, which is a
major problem in sepsis (36–37). Available evidence shows that
alleviating apoptosis provides protection against septic animal
death (38).We investigated lymphocyte apoptosis in caveolin-1
null and wild type littermates 18 h following CLP treatment
with both annexin V/PI and TUNEL assays. As shown in Fig. 5,
cavaeolin-1 nullmice exhibited a significant increase in apopto-
sis in thymus as assessed by a 2-fold increase in annexinV�/PI�
thymocytes (Fig. 5, a and c). TUNEL staining also clearly
revealed a 2-fold increase in thymocyte apoptosis in the thymus
of caveolin-1 nullmice (Fig. 5, b and c). Furthermore, compared
withwild type littermates, caveolin-1 nullmice had a significant

FIGURE 5. Elevated thymocyte apoptosis and altered lymphocyte homeostasis in caveolin-1 null mice
during sepsis. Caveolin-1 null mice and wild type littermates were treated with CLP for 18 h. Apoptosis in thymus
(a–c) and in spleen (e) was analyzed with annexin V/PI (AV) and TUNEL methods. Annexin V�PI� (AV�PI�) and
TUNEL� staining indicate apoptotic cells. The lymphocyte homeostasis in thymus (d) and spleen (f) was analyzed
with a flow cytometer. n � 6 per group, mean � S.D. *, p � 0.05 and **, p � 0.01 versus wild type.
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decrease in CD4�CD8� thymocytes ratio, and increases in
CD4�CD8� and CD4�CD8� thymocytes ratio in thymus (Fig.
5d), indicating altered T lymphocyte homeostasis in the
absence of caveolin-1 during sepsis. Although there was no dif-
ference in splenocyte apoptosis in spleen (Fig. 5e), caveolin-1
null mice exhibited altered lymphocyte homeostasis illustrated
by a significant increase in CD19� B cell ratio and a decrease in
CD3�Tcell ratio in spleen (Fig. 5f). To examinewhether caveo-
lin-1 affects lymphocyte homeostasis in normal circumstances,
we analyzed the number and ratio of lymphocyte in the thymus
and spleen from caveolin-1 null and wild type littermates with-
outCLP challenge.No significant differencewas observed (data
not shown). These findings indicate caveolin-1 specifically
modulates lymphocyte apoptosis and homeostasis in sepsis. To
the best of our knowledge, this is the first report showing caveo-
lin-1 as a negative modulator of lymphocyte apoptosis during
sepsis. Adaptive immune cells temper initial innate responses
(39–40). It is possible that the marked increase in lymphocyte
apoptosis observed in caveolin-1 null mice may have rendered
this negative regulatory mechanism ineffective, which contrib-
utes to enhanced inflammatory response during sepsis.
Apoptosis is a complex process that involves multiple regu-

latory mechanisms. A number of key apoptotic signaling mol-
ecules have been found in caveolae, such as Fas, tumor necrosis
factor receptor 1, Fas-associated death domain protein
(FADD), and ceramide (41–43). Caveolae provide a platform
for the assembly of these signalingmolecules. Given the critical
roles of caveolin-1 in caveolae formation and in modulating
signaling in caveolae, it is plausible that caveolin-1 may affect
apoptosis through modulating signaling in caveolae. In addi-
tion to a direct regulation of apoptotic signaling, caveolin-1
may be involved in the clearance of apoptotic cells. Utilizing in
vitrophagocytosis assay of apoptotic thymocytes, a recent study
by Li et al. (13) showed that the loss of caveolin-1 decreases the
phagocytic ability of peritoneal macrophages. It is possible that
the increase in thymocyte apoptosis observed in caveolin-1 null
mice is caused by a decrease in phagocytic clearance of apopto-
tic cells by macrophages. Further study is warranted to deter-
mine the detailed mechanisms underlying caveolin-1 modulat-
ing lymphocyte apoptosis and its contribution to modulating
inflammatory response during sepsis.
In summary, we employed a clinically relevant CLP sepsis

animal model to determine the role of caveolin-1 in sepsis. We
demonstrates that caveolin-1 is a critical survival factor of
polymicrobial sepsis in mice. Further studies reveal that caveo-
lin-1 protects against septic death through its roles in modulat-
ing inflammatory response, alleviating bacterial burdens, and
suppressing lymphocyte apoptosis. Our findings uncover
caveolin-1 as a protective modulator of sepsis, which may pro-
vide a novel target for the intervention of sepsis.
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