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Abstract
Sepsis is associated with an increase in circulating levels of bacterial endotoxin. Sepsis is a
particularly serious problem in the geriatric population due to the high mortality associated with it.
However, it remains unknown whether this phenomenon is related to an increase of apoptosis in
splenic cells. To study this, male Fischer-344 rats (young: 3-months old; aged: 24-months old) were
subjected to endotoxemia by injection of LPS. Splenic samples were collected 4 h thereafter.
Apoptosis was determined by cleaved caspase-3 levels and TUNEL staining. The levels of 3 pro-
inflammatory mediators, TNF-α, IL-6 and high mobility group box -1 (HMGB-1), were also
measured. Our results showed that while splenic cell apoptosis increased in both young and aged rats
with endotoxemia, aged animals had much higher levels of apoptotic cell death. The elevated
expression of cell cycle inhibitory protein P21 was also observed in aged animals after treatment
with LPS. Moreover, endotoxemia significantly increased TNF-α, IL-6 and HMGB-1. The
accelerated apoptosis in aged animals was correlated with significantly higher levels of TNF-α, IL-6
and HMGB-1. It is possible that this accelerated rate of apoptosis contributes to age-related
hyperinflammation in endotoxemia. To investigate the factors involving accelerated apoptosis in
aged animals, we analyzed the Fas/Fas ligand (Fas-L) pathway. Our results showed that Fas and Fas-
L gene expression were markedly higher in the spleen in aged animals after LPS. Similarly, cleaved
caspase-8 expression, a downstream element of Fas and Fas-L, was also significantly higher in aged
rats after LPS. Fas-L neutralizing antibodies markedly decreased apoptosis and proinflammatory
cytokines in aged animals after endotoxemia. Thus, there is substantial evidence that the Fas/Fas-L
pathway may play an important role in LPS-induced accelerated apoptosis in aged animals.
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Introduction
Sepsis, often caused by systemic immune responses to severe bacterial infection, can result in
multiple organ failure and even lead to death (1). A recent study has shown that the elderly (>
or = 65 years of age) accounts for only 12% of the U.S. population but 65% of sepsis cases,
yielding a much higher risk level compared to that of younger patients (2). Aging is
characterized by changes in immune function and stress responses. It is associated with an
increased susceptibility to infections, as well as increased incidence of autoimmune disorders
and chronic inflammatory diseases (3,4). The elderly has an increased incidence of
complications and mortality following bacterial infection (1). Our recent data showed that the
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levels of proinflammatory cytokines were much higher in aged animals after induction of
endotoxemia, resulting in more severe organ damage and higher lethality (5). Thus, it appears
that the alteration of immune responses in the aged population may contribute to a higher
mortality rate after bacterial infection.

The pathogenesis of severe sepsis is characterized by tissue damage and accumulation of
apoptotic lymphocytes in the spleen, thymus and other organs (6,7). A number of studies
suggest that apoptosis plays an important role in the immune dysfunction and multiple organ
failure observed in sepsis or endotoxemia (8-10). However, it remains unknown whether there
is any connection between increased immune cell apoptosis in the spleen and
hyperinflammation [e.g., increased proinflammatory cytokines, such as TNF-α, IL-6 and high
mobility group box 1 (HMGB-1)] in aged animals during bacterial infection. Thus, the
objective of this study was to determine the relationship between immune cell apoptosis and
proinflammatory cytokines in aged animals after injection of LPS. We also investigated a
pathway which may be responsible for the elevation of apoptosis in aged animals under such
conditions.

Materials and Methods
Induction of endotoxemia in rats

Endotoxemia was induced by intravenous administration of lipopolysaccharide (LPS). Male
Fischer-344 rats (young: 3-months-old; aged: 24-months-old) were obtained from the National
Institute on Aging (NIA), housed in a temperature-controlled room on a 12-h light/dark cycle,
and fed on a standard Purina rat chow diet. Prior to the induction of severe endotoxemia, rats
were fasted overnight but allowed water ad libitum. Rats were then anesthetized with isoflurane
inhalation, their inguinal regions were shaved and washed with 10% povidone-iodine and a
short subinguinal incision was made. The femoral vein was carefully separated from the artery
and cannulated with a catheter (PE-50 tubing). A bolus injection of LPS (15 mg/kg BW; E.
coli 055:B5 in 200 μl normal saline; Sigma, St. Louis, MO) was given through the femoral
vein catheter. The same operation was performed on the vehicle control animals but the control
was injected with normal saline instead of LPS. Tissue samples were collected at 4 h after LPS
injection. Please note that the LPS dosage used in our studies (15 mg/kg BW) produces septic
shock since 90% of the aged rats died within 5 days after LPS injection (unpublished
observation). The experiment described here was performed in adherence to the National
Institutes of Health guidelines for the use of experimental animals. This project was approved
by the Institutional Animal Care and Use Committee (IACUC) of The Feinstein Institute for
Medical Research.

Administration of Fas ligand neutralizing antibodies
Endotoxemia was induced as described above. Fas ligand neutralizing antibodies or control
IgG (R & D Systems, Minneapolis, MN) were administrated intravenousely immediately after
the administration of LPS. The dosage of Fas ligand antibodies used was 200 μg/kg in 1-ml
saline (11) and was infused for 30 min with the use of an infusion pump. Splenic tissues were
collected at 4 h after LPS injection.

TUNEL assay
DNA breaks occur late in the apoptotic pathway and can be determined and analyzed by
performing the terminal deoxynucleotide transferase dUTP nick end labeling (TUNEL) assay.
The presence of apoptotic cells in splenic tissues was demonstrated using a TUNEL staining
kit (Roche Diagnostics, Indianapolis, IN). Briefly, splenic tissues were fixed in 10% phosphate
buffered formalin and were then embedded into paraffin and sectioned at 6 μm following the
standard histology procedures. Spleen sections were dewaxed, rehydrated and equilibrated in
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Tris buffered saline (TBS). The sections were then digested with 20 μg/ml proteinase K for 20
min at room temperature. Following this, the sections were washed and incubated with a
mixture containing terminal deoxynucleotidyl transferase and fluorescence labeled nucleotides
and examined under a fluorescence microscope. The negative control was performed by
incubating slides in a mixture containing only deoxynucleotidyl transferase as recommended
by the provider.

Western blot analysis
Splenic tissues collected from animals at 4 h after LPS injection were homogenized in a lysis
buffer, which contained protease inhibitor cocktail (1 tablelet/10 ml, Roche Diagnostics,
Indianapolis, IN) in 10 mM Tris saline, PH 7.5 with 1% Triton-100X. In addition, 1 mM EDTA,
1 mM EGTA, 2 mM Na orthovanadate, 0.2 mM PMSF, 2 μg/ml leupeptin, 2 μg/ml aprotinin
were added to the lysis buffer. After centrifugation at 16,000g for 10 min, the supernatant was
collected, and the protein concentration was determined by using a Bio-Red DC Protein Assay
kit (Bio-Rad, Hercules, CA). 36-75 μg protein from splenic tissue was separated by NuPage
4-12% Bis-Tris gel (Invitrogen, Carlsbad, CA) in MES-SDS running buffer (Invitrogen). The
protein on the gel was then transferred onto a nitrocellulose membrane and blocked with 5%
nonfat dry milk in 10 mM Tris saline with 0.1% Tween 20, pH 7.5 (TBST). Western blotting
was performed using the following primary antibodies: rabbit anti-cleaved caspase-3
polyclonal antibody (1:2,000; Cell Signaling Technology, Danvers, MA), rabbit anti-caspase
8 polyclonal antibody (1:1000; Santa Cruz Biotechnology, Santa Cruz, CA) and mouse anti-
P21 monoclonal antibody (1:300, Santa Cruz Biotechnology). After incubation of primary
antibodies overnight at 4°C, the membranes were washed with TBST. Immunoreactive bands
were detected using HRP-linked anti-rabbit IgG or HRP-linked anti-mouse IgG (1:10,000,
SouthernBiotech, Birmingham, AL) and the enhanced chemiluminescene (ECL) Western blot
detection kit (Amersham, Piscataway, NJ). The immunoblots were exposed on X-ray film and
analyzed with a digital image system (Bio-Rad, Hercules, CA). Mouse anti-β-actin monoclonal
antibody (1:20,000; Sigma, Saint Louis, MO) was used as a loading control in all western blot
experiments.

Measurement of proinflammatory cytokines TNF-α, IL-6, and HMGB-1
Splenic levels of TNF-α, IL-6 were quantified using an enzyme-linked immunosorbent assay
(ELISA) kit specifically for rat TNF-α and IL-6 (BD Biosciences, San Diego, CA). Splenic
tissues were homogenized in a lysis buffer, the supernatant was collected, and the protein
concentrations were determined as described above. A 96-well plate was coated with a specific
capture primary antibody for either rat TNF-α or IL-6. 100 μg protein/well (for TNF-α) or 20
μg protein/well (for IL-6) were loaded into the pre-coated plate, and the assay was carried out
according to instructions provided by the manufacture. Circulating HMGB-1 levels were
determined by Western blot analysis. 2 μl plasma in 10% SDS and loading buffer was boiled
for 5 min. The sample was then separated by a NuPage 4-12% gel (Invitrogen) and transfer to
a nitrocellulose membrane. Western blotting was performed using rabbit anti-HMGB-1
primary antibodies (1:500, a gift from Dr. Haichao Wang at the Feinstein Institute for Medical
Research) following the Western blot procedures described above. We detected a HMGB-1
immunoreactive band at 30 kDa.

Real-time PCR analysis
Fas, Fas-ligand and P21 gene expression was determined by real-time PCR (Q-PCR). Total
RNA was extracted from splenic tissue using TRIzol reagent (Invitrogen, Carlsbad, CA). Q-
PCR was carried out on cDNA samples reverse transcribed from 2μg RNA using murine
leukemia virus reverse transcriptase (Applied Biosystems, Foster City, CA). Using a SYBR
Green PCR Master Mix (Applied Biosystems), reactions were carried out in 24 μl final volume
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containing 0.08 μmol concentration of each forward and reverse primer, 2 μl cDNA, 9.2 μl
H2O and 12 μl SYBR Green PCR Master Mix. Amplification was performed with an Applied
Biosystems 7300 real-time PCR machine under the thermal profile of 50 °C for 2 min, 95 °C
for 10 min and followed by 40 cycles of 95 °C for 15 sec and 60 °C for 1 min. Rat GAPDH
mRNA expression was used to normalize each sample, and analysis of each specific mRNA
was conducted as duplicates. Relative expression of mRNA was calculated by the 2-ΔΔCt

method, and results were expressed as fold change with respect to the corresponding
experimental control. The following rat primers were used in the experiment (table below). In
order to check the specificity of PCR products, a melting curve analysis was performed in each
Q-PCR experiment. We did not detect any non-specific products from any of the primers used
in our experiments. Primers for real-time PCR are listed as follows:

Gene Forward Primer Reverse Primer

Fas (NM_139194) AATGCTTCTCTCTGTGACACTGTTA CAAGGCTCAAGGATGTCTTCAA

Fas-ligand (NM_012908) TGCAGCAGCCCGTGAATT GGAGAAGTGGCACTGCTGTCT

P21 (U24174) CGGGACCGGGACATCTC CGGCGCTTGGAGTGATAGAA

G3PDH (M17701) ATGACTCTACCCACGGCAAG CTGGAAGATGGTGATGGGTT

Statistical analysis
All data were expressed as means ± SE and compared by one-way or two-way ANOVA and
Student-Newman-Keuls test. Differences in values were considered significant if P < 0.05.

Results
Alterations in splenic cell apoptosis

The extent of programmed cell death in the spleen was determined by cleaved caspase-3
Western blotting and TUNEL assay. As shown in Figure 1, splenic levels of cleaved caspase-3
increased significantly in both young and aged animals after LPS injection (P < 0.05 vs. the
respective sham). In addition, both basal and LPS-induced cleaved caspase-3 expression is
much higher in aged rats than young rats (P < 0.05). DNA breaks occur late in the apoptosis
process and are expressed by almost all cell types. The occurrence of DNA breaks can be
detected by the TUNEL assay. As shown in Figure 2, TUNEL positive cells in the spleen
increased markedly after LPS injection in both young and aged rats. Similar to cleaved
caspase-3 expression, both basal and LPS-induced TUNEL positive cells are more abundant
in aged rats than young rats. Thus, cleaved caspase-3 measurement and the TUNEL assay
indicated an aging-related accelerated apoptosis of splenic cells during endotoxemia.

Alterations in P21 expression in the spleen
P21 is a cyclin-dependent kinase inhibitor, which controls the cell cycle (12,13). As shown in
Figure 3, LPS significantly increased splenic levels of P21 gene (P < 0.05, Fig. 3A) and protein
(P < 0.05, Fig. 3B) in both young and aged animals. However, the increase of P21 expression
in aged animals was much greater than that in young rats (143% higher in gene expression and
206% higher in protein expression, P < 0.05).

Alterations in splenic levels of TNF-α and IL-6
Splenic levels of proinflammatory cytokines TNF-α and IL-6 were significantly elevated after
administration of LPS (Figs. 4A-B). Compared with those in young rats, the levels of TNF-α
(Fig. 4A) and IL-6 (Fig. 4B) were 4.1 and 1.9 fold higher, respectively, in aged animals (P <
0.05). Our results indicate that aged animals have a much greater inflammatory response to
bacterial endotoxin than young animals.
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Alterations in circulating levels of HMGB-1
As indicated in Figure 5, circulating levels of HMGB-1 were significantly elevated in both
young and aged animals after LPS injection. However, circulating levels of HMGB-1 in aged
animals were markedly greater than those in young animals after LPS injection.

Alterations in Fas and Fas ligand expression in the spleen
To determine the mechanism involved in splenic cell apoptosis, we examined the Fas/Fas-L
pathway. As shown in Figures 6A-B, Fas and Fas-L gene expression in the spleen was 1.6 and
10.1 fold higher respectively in aged rats compared to expression in young rats after LPS
administration. The protein levels of Fas increased in both young and aged animals after LPS
injection (P < 0.05, Fig. 6C). However, Fas-L protein levels only significantly increased in
aged rats (Fig. 6D). The above data suggest that the Fas /Fas-L pathway may be involved in
accelerated apoptosis in aged animals after LPS injection.

Alterations in caspase-8 levels in the spleen
Caspase-8 is an important downstream caspase in the Fas/Fas-L pathway. Cleavage of
caspase-8 occurs following the activation of the Fas/Fas-L pathway, which leads to the
activation of caspase-3 and subsequent apoptosis. As shown in Figure 7, cleaved caspase-8
was significantly upregulated in aged animals after LPS injection (P < 0.05). In contrast, young
animal only showed a slight increase in cleaved caspase-8 levels (no statistical significance,
Fig. 7). We also observed higher cleaved caspase-8 levels in sham-operated aged rats as
compared to sham-operated young rats, but the increase was not statistically significant (Fig.
7).

Effects of Fas ligand neutralizing antibodies
To determine whether the Fas/Fas-L pathway plays a role in accelerated apoptosis in aged rats,
Fas-L neutralizing antibodies were administrated immediately after LPS injection. As indicated
in Figure 8, Fas-L neutralizing antibodies reduced cleaved caspase-3 to levels similar to that
of sham-operated animals (P < 0.05). Thus, inhibition of the Fas/Fas-L pathway attenuated
splenic cell apoptosis. As indicated in Figure 9, administration of Fas-L neutralizing antibodies
at the time of LPS injection reduced splenic levels of TNF-α in aged animal by 50% (P < 0.05
vs. Vehicle). In contrast, levels of TNFα in young rat remained unchanged after treatment (Fig.
9). The treatment with Fas-L antibodies also decreased circulating HMGB-1 levels by 40.3%
in young and 46.5% in aged animals (Fig. 10). Thus, inhibition of apoptosis by blocking the
Fas/Fas-L pathway is associated with a significant decrease in aging-related LPS-induced TNF-
α and HMGB-1 production.

Discussion
Sepsis is a particularly serious problem in the geriatric population. Nearly 60% of all cases of
sepsis occur in patients older than 65 years of age; also the mortality rate due to sepsis
significantly increases with age, from 10-15% in patients 20-29 years-old to 38.4% in those
over 85-years-old (1,2). Aging in human and animal models shows changes in many aspects
of protective immunity during sepsis (4,14,15). It is assumed that the increased incidence and
mortality rate of sepsis in the elderly is a direct result of an impaired immune response. We
have recently reported that LPS injection causes an in vivo hyperinflammatory state in aged
animals, characterized by a further increase in proinflammatory cytokines and more severe
tissue injury (5). Current results also indicate that splenic levels of proinflammatory cytokines,
TNF-α, IL-6 and circulating levels of HMGB-1, are markedly raised in aged animals and much
higher than young animals after LPS administration. In this study, we focused on apoptotic
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immune cell death because of its crucial role in immune dysfunction and multiple organ failure
during sepsis (8-10,16).

In our current study, we examined the effect of splenic cell apoptosis on the innate response,
as well as the effects of Fas/Fas-L, caspase-8 as a signaling pathway by which apoptosis was
activated. Aged septic animals had increased splenic cell apoptosis and higher levels of P21
as compared to either young septic animals or aged sham animals. Upregulation of P21, a
cyclin-dependent kinase inhibitor, could result in cell cycle arrest and apoptosis (12,13).
Therefore, significantly higher levels of P21 in aged animals may contribute to higher apoptosis
levels in those animals after endotoxemia. Most importantly, we found that aging-related
hyperinflammation is associated with splenic cell apoptosis. Splenic Fas-L expression was
markedly higher in aged animals, indicating an impairment of the death receptor-related Fas/
Fas-L apoptotic pathway. When we administered Fas-L neutralizing antibodies at the time of
LPS injection, splenic apoptosis was significantly attenuated, and the aging-related elevation
of TNF-α and HMGB-1 was also prevented. The aforementioned results clearly show that
accelerated apoptosis contributes to age-related hyperinflammation during endotoxemia.
Hotchikiss et al. reported that an increase in splenic lymphocyte apoptosis in septic mice is
associated with an increase in mortality (17,18). This phenomenon may be related with the
upregualtion of proinflammatory cytokines following splenic cell apoptosis. Since the Fas/Fas-
L pathway plays an important role in age-related splenic apoptosis in endotoxemia, attenuating
its activation may reduce age-related mortality in sepsis or bacterial infection.

Both aging and sepsis independently increase splenic cell apoptosis. Immune cells that undergo
programmed cell death include various lymphocyte populations, macrophages, dendritic cells
and neutrophils (4,19-21). Apoptotic loss of immune effector cells such as CD4 T and B cells
is a key factor in the loss of immune competence in sepsis (22,23). An increase in splenic
lymphocyte apoptosis in septic mice is thus associated with an increase in mortality (17,18).
It has been reported that lymphocyte apoptosis is increased in CD4 and CD8 T cells, CD20 B
cells, and NK cells (CD56) in septic patients as compared to their nonseptic counterparts
(24). Samples taken from patients with sepsis also show that the level of CD3 T cell apoptosis
correlates with the degree of severity of sepsis (24). Although we did not study the cell
population that underwent programmed cell death in our current experiment, our preliminary
data shows that a significantly larger number of splenic CD3+ T cells underwent apoptosis in
aged animals after LPS injection. Thus, it appears that lymphocyte apoptosis does occur in
aged animals after LPS injection. Thus, it is in this way that the combination of aging and
bacterial infection leads to a disproportionate increase in immune cell death and alters the
immune response, a factor which potentially plays a role in the marked increase in mortality
seen in sepsis in the elderly.

Mammalian apoptotic cell death in sepsis proceeds through two distinct pathways, that is, the
death receptor pathway and the mitochondrial pathway, that converge to activate caspases,
resulting in intracellular demolition (25,26). The extrinsic, or death receptor, pathway is
triggered by signaling through TNF, Trail, and Fas (19,27,28). The mitochondrial (intrinsic)
death pathway responds to various stress stimuli, e.g. oxidative stress, radiation, and cytokine
withdrawal (26). Both the death receptor and mitochondrial pathways are activated in sepsis
(22,24). Although mediators such as steroids, tumor necrosis factor, nitric oxide, C5a, and Fas-
L appear to contribute to the changes that occur during apoptosis, their effects are tissue and
cell population-selective (19,29). Fas/Fas-L belongs to the death receptor mediated apoptosis
pathway, which is heavily involved in lymphocyte apoptosis (9,29). Hsu et al. reported that
the Fas/Fas-L pathway is impaired in aged animals, and Fas-L mediated apoptosis plays a major
role in activation-induced cell death of T cells (30). Our current data shows that without LPS
stimulation, splenic Fas-L expression is markedly higher in aged animals than in young animals
without LPS stimulation. LPS administration further elevates the expression of Fas-L in aged
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animals. Our study also shows significantly upregulated levels of caspase 8 in these aged
animals after LPS injection, indicating that the Fas/Fas-L pathway may play an important role
in programmed cell death in aged animals. Inhibition of the Fas/Fas-L pathway by Fas-L
neutralizing antibodies attenuated splenic cell apoptosis in aged rats, further supporting the
idea that this pathway plays an important role in age-related accelerated apoptosis after LPS
injection.

In summary, while splenic cell apoptosis increased in both young and aged rats during
endotoxemia, aged animals had much higher levels of apoptotic cell death. This accelerated
apoptosis in aged animals corresponded with significantly higher levels of TNF-α, IL-6 and
HMGB-1. Moreover, the expression of Fas, Fas-L and caspase-8 was markedly higher in the
spleen of aged animals than those in young animals after LPS injection. Fas-L neutralizing
antibodies repressed apoptosis and proinflammatory cytokines in aged animals after
endotoxemia. Therefore, it is possible that accelerated apoptosis contributes to age-related
hyperinflammation in endotoxemia. The Fas/Fas-L pathway may play an important role in
LPS-induced accelerated apoptosis in aged animals.
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Figure 1.
Alterations in splenic levels of cleaved caspase-3 in young (3-months-old) or aged (24-months-
old) rats at 4 h after normal saline (Sham) or LPS (LPS) injection. Representative gels are
presented. Data are presented as means ± SE (n=5-6/group) and compared by two-way analysis
of variance (ANOVA) and Student-Newman-Keuls test: *P < 0.05 versus corresponding Sham
group; #P < 0.05 versus Young LPS group.
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Figure 2.
TUNEL staining in splenic tissues in young (3-months-old, A-B) or aged (24-months-old, C-
D) rats at 4 h after normal saline (Sham) or LPS (LPS) injection. The TUNEL positive cells
were mainly located in the red pulb of the spleen, and aging animals showed a marked increase
in the number of TUNEL positive cells both in Sham (C) and LPS (D) groups. Original
magnification: 200 X.
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Figure 3.
Alterations in splenic P21 gene (A) and protein (B) expression in young (3-months-old) or
aged (24-months-old) rats at 4 h after normal saline (Sham) or LPS (LPS) injection.
Representative gels are presented. Data are presented as means ± SE (n=5-6/group) and
compared by two-way analysis of variance (ANOVA) and Student-Newman-Keuls test: *P <
0.05 versus corresponding Sham group; #P < 0.05 versus Young LPS group.
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Figure 4.
Alterations in splenic levels of TNF-α (A) and IL-6 (B) in young (3-months-old) or aged (24-
months-old) rats at 4 h after normal saline (Sham) or LPS (LPS) injection. Data are presented
as means ± SE (n=5-6/group) and compared by two-way analysis of variance (ANOVA) and
Student-Newman-Keuls test: *P < 0.05 versus corresponding Sham group; #P < 0.05 versus
Young LPS group.
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Figure 5.
Alterations in plasma levels of HMGB-1 in young (3-months-old) or aged (24-months-old) rat
at 4 h after normal saline (Sham) or LPS (LPS) injection. Data are presented as means ± SE
(n=5-6/group) and compared by two-way analysis of variance (ANOVA) and Student-
Newman-Keuls test: *P < 0.05 versus corresponding Sham group; #P < 0.05 versus Young
LPS group.
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Figure 6.
Alterations in Fas (A), Fas ligand (C) gene expressions and Fas (B), Fas ligand (D) protein
levels in the spleen in young (3-months-old) or aged (24-months-old) rat at 4 h after normal
saline (Sham) or LPS (LPS) injection. Representative blots are presented. Data are presented
as means ± SE (n=5-6/group) and compared by two-way analysis of variance (ANOVA) and
Student-Newman-Keuls test: *P < 0.05 versus corresponding Sham group; #P < 0.05 versus
Young LPS group.
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Figure 7.
Alterations in splenic caspase-8 in young (3-months-old) or aged (24-months-old) rats at 4 h
after normal saline (Sham) or LPS (LPS) injection. Representative blots are presented. Data
are presented as means ± SE (n=5-6/group) and compared by two-way analysis of variance
(ANOVA) and Student-Newman-Keuls test: *P < 0.05 versus corresponding Sham group; #P
< 0.05 versus Young LPS group.

Zhou et al. Page 15

Int J Mol Med. Author manuscript; available in PMC 2011 June 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 8.
Alterations in splenic levels of cleaved caspase-3 in young (3-months-old, A) or aged (24-
months-old, B) rats at 4 h after normal saline (Sham) or LPS (LPS) injection treated with normal
IgG (IgG) or Fas-L neutralizing antibodies (Fas-L Ab). Data are presented as means ± SE
(n=4-5/group) and compared by one-way analysis of variance (ANOVA) and Student-
Newman-Keuls test: *P < 0.05 versus corresponding Sham group; #P < 0.05 versus
corresponding LPS+IgG group.
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Figure 9.
Alterations in splenic levels of TNF-α in young (3-months-old) or aged (24-months-old) rats
at 4 h after normal saline (Sham) or LPS (LPS) injection treated with normal IgG (IgG) or Fas-
L neutralizing antibodies (Fas-L Ab). Data are presented as means ± SE (n=4-5/group) and
compared by two-way analysis of variance (ANOVA) and Student-Newman-Keuls test: *P <
0.05 versus corresponding Sham group; #P < 0.05 versus Young LPS+IgG group; +P < 0.05
versus Aged LPS+IgG group.
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Figure 10.
Alterations in circulating HMGB-1 levels in young (3-months-old) or aged (24-months-old)
rats at 4 h after normal saline (Sham) or LPS (LPS) injection treated with normal IgG (IgG) or
Fas-L neutralizing antibodies (Fas-L Ab). A representative blot is presented. Data are presented
as means ± SE (n=4-5/group) and compared by two-way analysis of variance (ANOVA) and
Student-Newman-Keuls test: *P < 0.05 versus corresponding Sham group; #P < 0.05 versus
Young LPS+IgG group; +P < 0.05 versus Aged LPS+IgG group.
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