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Increased mortality and overexpression of interleukin-6 (IL-6) during inflammatory stress are well-documented age-
associated phenomena; however, the site of IL-6 overexpression is not entirely known. Here, we report that white adipose
tissue is a major source of IL-6 in aged animals during lipopolysaccharide (LPS)-induced systemic inflammation. Among
the various tissues examined, white adipose tissue from the epididymal fat pad (located in the abdominal cavity) ex-
pressed the highest level of IL-6 messenger RNA in both young and aged mice with a 5.5-fold higher level in the aged.
Immunohistochemistry revealed that, within the adipose tissue, LPS-induced IL-6 expression is localized to both the
adipocytes and stromal cells. Compared with age-matched wild-type mice, aged IL-6¢/-) mice exhibited reduced mortal-
ity to LPS suggesting a deleterious effect of IL-6 overexpression in the aged. These results demonstrate that increased
vulnerability to systemic inflammation with age is due in part, to augmented IL-6 production by the adipose tissue.
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GING is characterized by an altered stress response

that underlies a compromised resistance to disease or
injury (1,2). Systemic inflammatory response syndrome
(SIRS) results from an uncontrolled immune response to
trauma or infection where normally protective responses be-
come deleterious leading to complications such as shock and
multiple organ dysfunction (3). SIRS is characterized by el-
evated levels of circulating cytokines, hypothermia or hyper-
thermia, tachycardia, and tachypnea (4,5). It is a particularly
serious problem in the elderly as severity and mortality are
significantly increased with age; however, the mechanisms
of this age-related susceptibility remain unclear. Systemic
inflammation has been demonstrated in several rodent endo-
toxemia models by injection with bacterial endotoxin li-
popolysaccharide (LPS; 6-10). In these studies, aged mice
with systemic inflammation exhibited significantly higher
mortality rates as compared with younger mice.

In endotoxemia models, injection with LPS activates a
cascade of inflammatory responses resulting in the produc-
tion of a number of inflammatory cytokines including
interleukin-6 (IL-6). IL-6, a multifunctional inflammatory
cytokine, stimulates an immune response and is secreted
from a wide variety of cell types (11). It is strongly induced
in multiple tissues during systemic inflammation (12), and
this induction is increased and prolonged with age in the
lungs, heart, and plasma of mice (6,8,13). Our previous
studies demonstrate that the age-associated high mortality
to LPS-induced systemic inflammation is closely associated
with overexpression of IL-6 and severe hypothermia (6). A
strong correlation between mortality and increased IL-6 in-
duction has also been demonstrated in a murine peritonitis

model of sepsis (14). Therefore, plasma IL-6 is good marker
for measuring the level of inflammation associated with the
severity of sepsis and should be considered as a diagnostic
tool for therapy.

Once considered an inert location of energy storage, stud-
ies over the last decade identify adipose tissue as a dynamic
organ implicated in metabolic, inflammatory, and immune
responses. Adipose tissue consists of multiple deposits in
several anatomical locations and comprises 20% of the body
weight of healthy individuals making it one of the largest
organs in the body (15). Several studies suggest that adipose
tissue is one of the major sources of chronically produced
inflammatory cytokines including IL-6 in healthy, normal
weight human participants (16) and obese human partici-
pants and mice (17,18). More recent studies have shown an
upregulation of inflammatory cytokines in the adipose tissue
at basal levels by aging (19) and obesity (19). However, the
role of adipose tissue in age-related vulnerability to inflam-
matory stress has not been reported. In the present study, we
investigated LPS-induced expression of IL-6 in the adipose
tissues of young and aged mice with endotoxemia.

METHODS

Animals

Young (6-7 months old) and aged (22-27 months old)
C57BL/6 male mice were obtained from colonies of the
National Institute on Aging (Bethesda, MD). Female IL-6
knockout mice with C57BL/6 background were obtained
from The Jackson Laboratory (Bar Harbor, ME) at 2
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months of age and maintained at our institute until they
were used for study at 26 months of age. Mice were housed
in a temperature controlled environment at 22°C and main-
tained in a 12 hour light—dark cycle. All mice were accli-
mated for at least 14 days with free access to food (LabDiet,
Brentwood, MO) and water. All animal procedures were
approved by the Institutional Animal Care and Use Com-
mittee at the University of Texas Medical Branch. Acute
systemic inflammation was induced by intraperitoneal in-
jection with bacterial endotoxin LPS derived from
Pseudomonas aeruginosa (Sigma Chemical, St Louis,
MO). LPS was dissolved in physiologic saline and admin-
istered intraperitoneally with a dose of 2.5 mg/kg through-
out the study except for a survival experiment in which a
dose of 5 mg/kg was injected. These two doses of LPS are
nonlethal to young mice but produce approximately 80%
and 100% mortality in aged mice within 5 days (M. E. Starr
and H. Saito, unpublished observation). Body temperature
was monitored with YSI Precision Thermometer 4600
(Dayton, OH). Six hours after LPS injection, mice were
anesthetized with 2% isoflurane in air and blood samples
(0.5 mL) were drawn from the inferior vena cava. For RNA
analysis, the entire vasculature was perfused with physio-
logical saline (0.9% NaCl) through the cardiac ventricles
and tissues were harvested and flash frozen in liquid nitro-
gen. For histological analysis, mice were sacrificed 3 hours
after LPS injection and tissues were harvested and fixed in
10% neutral buffered formalin for 24 hours.

Three different types of adipose tissues were used in the
present study. The largest and most easily harvested adipose
depot in mice is the epididymal depot (white adipose tissue
located in the abdominal cavity around the male reproduc-
tive parts). Other large depots include perirenal (or retro-
peritoneal, mixture of white and brown adipose tissue located
around the kidneys) and intrascapular (subcutaneous brown
adipose tissue located between the shoulder blades).

RNA Isolation and Northern Blot Analysis

Total RNA was isolated from tissues by a method similar
to our previously described protocol (12). Briefly, frozen
tissues were processed with a homogenizer, and total RNA
was isolated with guanidine/phenol solution (TRIzol re-
agent, Invitrogen, Carlsbad, CA) using the protocol recom-
mended by the manufacturer. Twenty micrograms of RNA
from each tissue was electrophoretically fractionated
through 1.2% agarose gels containing 3% formaldehyde
buffered in 20 mM 3-(N-morpholino)propanesulfonic acid
and 1 mM ethylenediaminetetraacetic acid at pH 7.4. The
RNA was transferred to Zeta-Probe GT nylon membranes
(Bio-Rad Laboratories, Hercules, CA) overnight and fixed by
ultraviolet cross-linking. A radiolabeled IL-6 probe was pre-
pared from mouse complementary DNA using DECAprime
IT Random-Primed DNA Labeling Kit and NucAway Spin
Columns (Ambion, Austin, TX). Hybridization and wash-

ing were performed at 65°C as described by Church and
Gilbert (20). Membranes were exposed to Blue Lite Auto-
rad Film (ISC Bio Express, Kaysville, UT) in the presence
of an intensifying screen at —80°C. Kodak 1D Image Analy-
sis Software, version 3.6 (Carestream Health, New Haven,
CT) was used to measure intensity of the bands for statisti-
cal analysis.

Cytokine Immunoassays

Plasma IL-6 levels were determined as previously de-
scribed (21) by enzyme-linked immunosorbent assay using
antimouse IL-6 monoclonal antibody and biotinylated anti-
mouse IL-6 antibody (R&D Systems, Minneapolis, MN).

Immunohistochemistry

Epididymal adipose tissue, perirenal adipose tissue, and
kidney were fixed in 10% neutral buffered formalin for 24
hours at room temperature and embedded in paraffin. Sec-
tions (3 um) were cut, deparaffinized in xylene, and immu-
nohistochemistry was performed using Vectastain Elite
ABC Kit (Vector Laboratories, Burlingame, CA). Sections
were stained with 1:500 diluted anti-IL-6 antibody (Santa
Cruz Biotechnology, Santa Cruz, CA) at 4°C overnight.
Sections were counterstained with Mayer’s hematoxylin
(Poly Scientific, Bay Shore, NY).

Statistical Analysis

Data were analyzed by Student’s ¢ test using Sigma Stat
Statistical Software version 2.0 (Systat Software, Inc., San
Jose, CA). Results from the survival experiment were ana-
lyzed using a log rank test from StatView software (SAS
Institute, Cray, CA). A p value of less than .05 was consid-
ered significant.

RESULTS

Adipose Tissue Is a Major Source of IL-6 During
Systemic Inflammation

To determine which tissues in the body exhibit an age-
associated overexpression of IL-6 during systemic inflam-
mation, messenger RNA (mRNA) levels were examined in
the brain, lungs, heart, liver, kidneys, spleen, stomach, il-
eum, colon, epididymal adipose tissue (white fat), skeletal
muscle, and blood samples that were collected from young
and aged mice 6 hours after LPS injection. Northern blot
analysis showed that IL-6 was strongly expressed in the
lungs, heart, kidneys, spleen, and fat of both young and
aged mice during endotoxemia and that these five tissues
exhibited an age-associated increase in expression of I1L-6
(Figure 1A, short exposure). With a longer autoradiograph
exposure, IL-6 expression was also detected in the liver,
stomach, ileum, and muscle of aged but not young mice
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Figure 1. Tissue distribution of lipopolysaccharide (LPS)-induced interleukin-6 (IL-6) gene expression. Systemic inflammation was induced in young (67 mos
old) and aged (22-27 mos old) C57BL/6 male mice by LPS injection (2.5 mg/kg, intraperitoneal) and mice were sacrificed 6 h later. All lanes are in a single gel.
(A) RNA was isolated from various tissues of young and aged mice and analyzed by Northern blotting. Each lane represents pooled RNA samples from three mice.
(B) Densitometric analysis of short exposure from (A). The shorter exposure was used because the bands for heart and fat appear to be saturated in the longer exposed
autoradiograph. Young (open bars) and aged (closed bars). Total intensity of each band was normalized to 18S levels. The normalized IL-6 messenger RNA level in

aged mouse fat was set at 1.0.

(Figure 1A, long exposure). Neither brain nor blood cells
showed detectable levels of IL-6 in young or aged mice.
Among all the tissues examined, white adipose tissue from
the epididymal fat pad expressed the highest level of IL-6
mRNA in both young and aged mice (Figure 1B).

IL-6 Expression Significantly Increases With Age During
Systemic Inflammation and Correlates With the Severity of
Inflammation

To further clarify the age-associated increase of IL-6 ex-
pression in adipose tissue, epididymal adipose tissue was
harvested 6 hours after LPS injection from another set of
young and aged mice and mRNA analyzed individually
(Figure 2A). Whereas the adipose tissues of both young and
aged noninjected control mice (Lanes 1 and 2) did not show
any IL-6 expression, all adipose tissues of mice injected
with LPS showed IL-6 induction (Lanes 3-12). Among
these, aged mice showed a 5.5-fold higher level (Figure 2B)
of IL-6 mRNA expression in the adipose tissue than young
mice (p < .001). These results clearly demonstrate an age-
associated increase in IL-6 gene expression in the adipose
tissue during LPS-induced systemic inflammation.

Similarly, plasma IL-6 is higher in aged mice when compared
with young mice with systemic inflammation (Figure 2C).
This corresponds to the increase of IL-6 gene expression in
the adipose tissues of aged mice. The body temperatures of

all mice were obtained shortly before sacrifice to assess the
severity of systemic inflammation (Figure 2D). Compared
with the body temperature of healthy mice (approximately
37°C), young mice exhibited a mild hypothermic event
where body temperature dropped to approximately 35°C
whereas aged mice suffered from a more profound hypo-
thermia with body temperature falling to an average of 33°C
(p=.01).

Average body weight of the young and aged mice was not
statistically different (29.4 g vs 30.5g, respectively, p = .21;
Figure 2E). However, the weight of the epididymal fat pad
was significantly smaller in the aged mice as compared with
the young mice (p < .001; Figure 2F).

Age-Associated Expression of IL-6 in Various Adipose
Tissue Depots

To examine whether the age-associated increase in IL-6
expression occurs in other adipose tissues depots, perirenal
and intrascapular fats from young and aged mice were also
analyzed. As shown in Figure 3, the age-associated increase
in IL-6 mRNA induction occurred in all three types of adi-
pose tissue examined. The magnitude of the age-associated
increase was 6-, 3-, and 33-fold in epididymal, perirenal,
and intrascapular fat, respectively (p = .04, p =.02, and p <
.001). Among these three adipose tissue sites, the epididy-
mal tissue showed significantly higher levels of IL-6
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Figure 2. Lipopolysaccharide (LPS)-mediated expression of interleukin-6 (IL-6) in adipose tissue increases with age and correlates with severity of systemic in-
flammation. Systemic inflammation was induced in young (4-7 mos old) and aged (18-27 mos old) C57BL/6 male mice by LPS injection (2.5 mg/kg, intraperitoneal).
(A) RNA was isolated from the epididymal adipose tissue of noninjected controls and mice sacrificed at 6 h after injection and analyzed by Northern blotting. Each
lane represents an individual RNA sample from a single mouse. Lane 1: young control mouse without LPS injection; Lane 2: aged control mouse without LPS injec-
tion; Lanes 3-7: young mice with LPS injection; and Lanes 8—12: aged mice with LPS injection. (B) Densitometric analysis of (A): young (open bars) and aged
(closed bars). Total intensity of each band was normalized to 18S levels. The average normalized IL-6 messenger RNA level in aged mouse fat was set at 1.0. (C)
Plasma IL-6 levels 6 h after LPS injection were measured by enzyme-linked immunosorbent assay: young (open bars) and aged (closed bars). (D) Body temperatures
6 h after LPS injection. (E) Body weight at the time of LPS injection (g). (F) Epididymal fat pad weight (mg) at the time of sacrifice. Data are expressed as the mean

+ standard deviation, n = 5 each group: *p <.05 and ***p < .001.

expression in both young and aged mice in comparison with
perirenal and intrascapular tissues.

IL-6 Is Expressed Within the Adipocytes of the Adipose
Tissue

Immunohistochemical analyses of the epididymal fat pad
from aged mice were performed to localize IL-6 in the adi-
pose tissue. Within the epididymal adipose tissue, white
adipocytes, vascular endothelial cells, and inflammatory
cells expressed IL-6 after LPS injection (Figure 4, middle
panel) with the majority of the IL-6 being expressed by the
adipocytes. Additionally, immunohistochemistry of the kid-
ney with associated perirenal adipose tissue demonstrated
that the brown adipose tissue surrounding the kidney also
expresses IL-6 (Figure 4, right panel). However, we did not
detect IL-6 expression in the vascular endothelial cells of
the perirenal adipose tissue.

Aged IL-6/"-) Mice Are More Resistant to LPS-Induced
Systemic Inflammation

To determine the consequence of the age-associated over-
expression of IL-6 during severe systemic inflammation we
compared the survival of aged IL-6--) mutant mice with
wild-type control mice after injection with LPS (5§ mg/kg).
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Figure 3. Age-associated expression of interleukin-6 (IL-6) in various adi-
pose tissue depots. Systemic inflammation was induced in young (4 mos old)
and aged (22 mos old) C57BL/6 male mice by lipopolysaccharide injection (2.5
mg/kg, intraperitoneal). (A) RNA was isolated from the epididymal, perirenal,
and subcutaneous adipose tissues of both young and aged mice sacrificed 6 h
after injection and analyzed by Northern blotting. Each lane represents an indi-
vidual RNA sample from a single mouse. (B) Densitometric analysis of (A):
young (open bars) and aged (closed bars). Total intensity of each band was
normalized to 18S levels. The average normalized IL-6 messenger RNA level in
aged mouse epididymal fat was set at 1.0. Data are expressed as the mean +
standard deviation, n = 3 each group: *p < .05 and ***p < .001.
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Figure 4. Immunohistochemical localization of interleukin-6 (IL-6) in the adipose tissue. Immunohistochemical analysis was performed to localize IL-6 protein
in adipose tissue from aged C57BL/6 male mice after lipopolysaccharide (LPS) injection (2.5 mg/kg, intraperitoneal). Strong positive staining with anti-IL-6 antibody
is seen in adipocytes (closed arrow heads), vascular endothelial cells (open arrow heads), and inflammatory cells (arrows) of white epididymal adipose tissue from
mice injected with LPS (top middle panel). Strong positive staining is seen in brown perirenal adipose tissue (closed arrow heads) associated with the kidney (Kd, top
right panel), but not in vascular endothelial cells of the blood vessels (BV) in mice injected with LPS.

Average body weight of these mutant and control mice was
32.9 gand 27.1 g, respectively (p = .01), confirming an ear-
lier report of mature-onset obesity in IL-6(--) mice (22). As
noted in Figure 5, LPS-injected aged IL-6¢-) mice showed
a40% increase in survival (p = .015) as compared with age-
and sex-matched wild-type mice. All wild-type mice had
died by Day 4, whereas 40% of the IL-6</-) mice continued
to survive beyond Day 7. These findings indicate that induc-
tion of IL-6 is deleterious rather than beneficial in aged
mice during systemic inflammation.

DiscussioN

Previously, we reported that the LPS-induced IL-6 mRNA
level in young mice was highest in the heart, followed by
kidneys, spleen, and lungs (12); however, adipose tissue
was not assessed in this analysis. Here we show that, among
12 tissues examined including the heart, the epididymal
adipose tissue of both young and aged mice expresses the
highest level of IL-6 mRNA after LPS injection. The heart,
kidneys, spleen, and lungs also showed relatively strong
IL-6 expression, confirming our previous observation (12).
When compared with young mice 6 hours after injection
with LPS, aged mice exhibited more than a fivefold increase
of IL-6 that correlated with the severity of systemic inflam-
mation. Adipose tissue can be considered the largest organ
in the body because it encompasses 20% or more of total
body weight, far larger than other IL-6 expressing organs
such as spleen, heart, kidney, and lungs that weigh no more
than 2% of total body weight. Although we could not calcu-
late the total amount of IL-6 derived from entire fat in the
mouse body, adipose tissues appear to produce far more
IL-6 than any other organ alone.

A number of cell types reside within the adipose tissue
including both white and brown adipocytes, vascular en-
dothelial cells, macrophages, and other immune cells. Our
immunohistochemical analysis demonstrated that LPS-in-
duced IL-6 is strongly expressed in white adipocytes al-
though other cell types including inflammatory cells (ie,
macrophages) and vascular endothelial cells also express
IL-6. This is in contrast with previous studies reporting that,
among obese participants, IL-6 expression is increased in
the adipose tissue mainly due to secretion by nonadipocyte
cells including macrophages (17,23-25). Wu and colleagues
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Figure 5. Aged interleukin-6 (IL-6) knockout mice are more resistant to li-
popolysaccharide (LPS)-induced endotoxemia. Survival of IL-6(-) (closed
squares) and wild-type control mice (open diamonds) was monitored for 7 days
after LPS injection (5 mg/kg, intraperitoneal). All mice were 26-month-old fe-
males with C57BL/6 genetic background (n = 8 each group).
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(19) showed that the number of macrophages in the adipose
tissue is not different between young and aged mice per
gram of adipose tissue and that the production of IL-6 by
nonadipocyte cells was not significantly different between
young and aged mice at basal levels. Our data along with
the observations of Wu and colleagues (19) support the sug-
gestion that varied mechanisms exist between obesity- and
age-induced adipose tissue inflammation; however, more
studies are needed to delineate the differences in aged adi-
pocyte and nonadipocyte cells during LPS-induced systemic
inflammation. It is well documented that basal levels of cir-
culatory IL-6 increases with aging (26). Due to a detection
limit of Northern blot analysis, we could not detect basal
IL-6 mRNA in adipose tissues from mice without LPS stim-
ulation (Figure 2A).

Aging is associated with changes in body composition
(27,28), in which muscle mass diminishes and is replaced
by fat (27). Body weight often remains stable or increases
masking an undesirable redistribution of adipose tissue dur-
ing this process (27). In our study, the harvested epididymal
adipose tissue was smaller in aged mice compared with
young mice, whereas total body weights were similar in
both age groups. It is intriguing that the epididymal adipose
tissue of aged mice, which is significantly smaller in weight
than the adipose tissue of young mice, expressed higher lev-
els of IL-6 mRNA (Figure 2). These results suggest that the
age-associated overexpression of IL-6 in the adipose tissue
is caused by a change in the quality of the adipocytes rather
than the size of the tissue.

Adipose tissue is a multidepot organ distributed throughout
the body. The most prominent depots in mice are epididymal
(white fat pad around reproductive organs), perirenal (both
white and brown fat around the kidneys), and intrascapular
(subcutaneous brown fat between the shoulder blades). We
compared LPS-induced IL-6 expression in these three depots
and found that IL-6 induction was higher in aged animals com-
pared with young animals for all three adipose tissue sites. Our
results also showed a depot-related difference in the level of
IL-6 expression with the epididymal adipose tissue exhibiting
the highest level, followed by perirenal and intrascapular adi-
pose tissue depots, respectively. The epididymal fat pad con-
sists of white fat whereas the intrascapular adipose depot
consists of brown fat. The perirenal adipose tissues were a mix-
ture of white and brown fat. Thus, our results indicate that in-
flammation-mediated IL-6 induction occurs more strongly in
white fat than brown fat. It is also known that fat redistribution
leads to increased ectopic adipose tissue around the heart
(pericardial), aorta (periaortal), blood vessels (perivascular),
and muscle (29). In aged mice, these adipose tissue depots
likely also contribute to increased circulating levels of IL-6 dur-
ing systemic inflammation. For example, perivascular adipose
tissue reportedly secretes a variety of cytokines and chemok-
ines (30) implicating it as an important contributor to adipose
tissue-mediated inflammation. Further studies should evaluate
perivascular adipose tissue during inflammatory stress.

Our previous study reported a high level of IL-6 induc-
tion in the kidney with inflammation (12). As shown in
Figure 4, whereas the kidney of aged mice with systemic
inflammation expressed a detectable level of IL-6, a far
greater level of expression was detected in the surrounding
brown adipose tissue. It seems feasible that this small
amount of IL-6-expressing adipose tissue may mask the
true level of IL-6 mRNA in the kidney. Aged muscle tissue
could also pose a problem as a result of adipocyte infiltra-
tion. Similarly, any tissue with ectopic adipose tissue depo-
sition in the aged or obese could lead to an overestimation
of accurate IL-6 levels. The mechanism for the age-associated
change in LPS-induced IL-6 expression in the adipose tis-
sue is unclear at present. LPS signaling is transmitted
through Toll-like receptor 4 (TLR4) and activation of the
transcription factor NF-xB (31,32). TLR4 is expressed by
adipocytes in humans (33,34) and mice (35). In vitro ex-
periments have shown that TLR4 levels increase in human
adipocytes after treatment with LPS and that this is linked
to downstream NF-«xB activation (33); however, the age-
associated difference in adipose TLR4 expression has
not yet been reported. IL-6 expression is likely to be in-
duced by early inflammatory cytokines such as TNFa and
IL-1PB (12).

Previously, Gomez and colleagues (36) showed a reduced
mortality in aged IL-6(--) mice as compared with wild-type
control mice (0% vs 23%) after injection with LPS. In their
study, a relatively low dose of LPS (1.5 mg/kg) and an age
range of 15-23 months were used (36). Our study used a
higher dose of LPS (5 mg/kg) and an older group of mice
(26 months old) and demonstrated similar findings as noted
by Gomez and colleagues (36), thus providing further evi-
dence that IL-6¢/-) mice are capable of surviving an other-
wise lethal dose of LPS. Additionally, whereas Gomez and
colleagues used knockout mice of BALB/C background, we
used mice of C57BL/6 background showing that the in-
creased survival is not a strain-specific occurrence. Another
study reported that IL-6 provides a protective effect in
young mice during LPS-induced endotoxemia (37). Though
these findings appear to contradict our present study and the
study by Gomez and colleagues, these differential results
further support our hypothesis that well-regulated modest
induction of IL-6 (as noted in young animals) is beneficial
for host defense whereas uncontrolled overproduction of
IL-6 in aged animals is harmful and contributes to the age-
associated increase in mortality (6). It is intriguing that
despite their obesity, IL-6(--) mice are more resistant to
LPS-induced endotoxemia than normal weight wild-type
mice, thus supporting our suggestion that the quality of the
adipose tissue rather than the size of the depot plays a major
role in inflammation. It also indicates that IL-6 is one of the
major culprits in age-associated inflammation. IL-6 has
an important role in the development of specific immune
responses and in the production of a variety of hepatic
acute-phase proteins (11). To better understand a role for
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IL-6 overexpression in age-associated vulnerability to sys-
temic inflammation, further studies including investigation
of immune cell responses and hepatic gene expression would
be important.

In summary, we have clearly demonstrated that adipose
tissue is a major source of IL-6 during LPS-induced sys-
temic inflammation and that the overexpression of IL-6
increases with age. We have further shown that adipocytes
in the white adipose tissue largely contribute to IL-6 pro-
duction in the aged during systemic inflammation. In ad-
dition, overexpression of IL-6 in the aged is deleterious
and is likely related to increased mortality during systemic
inflammation. Taken together, these data support the in-
flammatory nature of adipose tissue and its involvement in
age-associated vulnerability to systemic inflammation.
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