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Abstract
During systemic infection, inflammatory cytokines such as interleukin (IL)-6 are produced in
excess in the brain of aged mice and induce severe behavioral deficits. However, no studies have
examined how pro-inflammatory IL-6 trans-signaling is involved in the exaggerated production of
IL-6 in the aged brain, nor the extent to which IL-6 trans-signaling affects other markers of
neuroinflammation, adhesion molecules, and behavior. Therefore, this study investigated in aged
mice the presence of IL-6 signaling subunits in microglia; the central effects of soluble gp130
(sgp130)—a natural inhibitor of the IL-6 trans-signaling pathway—on IL-6 production in
microglia; and the effects of sgp130 given intracerebroventricularly (ICV) on neuroinflammation
and sickness behavior caused by i.p. injection of lipopolysaccharide (LPS). Here we show that
microglia isolated from aged mice have higher expression of IL-6 receptor (IL-6R) compared to
microglia from adults; and the level of mRNA for ADAM17, the enzyme responsible for shedding
membrane-bound IL-6R in trans-signaling, is higher in the hippocampus of aged mice compared
to adults. Additionally, we show in aged mice that peripheral LPS challenge elicits a hyperactive
IL-6 response in microglia, and selective blockade of trans-signaling by ICV injection of sgp130
mitigates this. The sgp130-associated inhibition of IL-6 was paralleled by amelioration of
exaggerated and protracted sickness behavior in aged mice. Taken together, the results show that
microglia are important regulators of the IL-6 trans-signaling response in the aged brain and
sgp130 exerts an anti-inflammatory effect by inhibiting the pro-inflammatory arm of IL-6
signaling.
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Introduction
Interleukin-6 receptor signaling is facilitated through two related pathways termed classical
and trans-signaling (Rose-John, 2003). The receptor consists of two subunits: the IL-6
receptor-alpha chain (IL-6R), which binds IL-6, and the trans-membrane signaling subunit,
glycoprotein 130 (gp130), which is the intracellular signal transducer that is constitutively
expressed. Classical activation consists of the IL-6 binding to the membrane-bound IL-6R,
while trans-signaling is the ability of a soluble IL-6R (sIL-6R) to bind IL-6 in the
extracellular compartment to form an IL-6/sIL-6R complex and in turn, activate gp130. On
the one hand, the expression pattern of membrane-bound IL-6R is limited to cells of the
immune system and sparsely dispersed among other cell types (Schobitz et al., 1993). On the
other hand, gp130 is ubiquitously expressed; therefore IL-6 trans-signaling confers IL-6
responsiveness in any cell type that expresses gp130 and is exposed to the IL-6/sIL-6R
complex (Jones et al., 2005; Kishimoto et al., 1992). Recent studies of monocytes show that
two specific members of the ADAM (a disintegrin and metalloprotease domain) family,
ADAM17 and ADAM10, contribute to IL-6R shedding, which is necessary to generate
sIL-6R (Matthews et al., 2003).

Although both pro-inflammatory and anti-inflammatory actions have been reported for IL-6
(Scheller et al., 2011), the trans-signaling pathway is pro-inflammatory and has been
implicated in several chronic inflammatory diseases including chronic inflammatory bowel
disease, rheumatoid arthritis, and colon cancer (Rose-John et al., 2006). In the brain, neurons
do not express considerable amounts of IL-6R, however, they do express copious amounts
of gp130 (Burton et al., 2011; Schobitz et al., 1993), alluding to the potential importance of
IL-6 trans-signaling in neuroinflammation. Importantly, in the brain of old but otherwise
healthy mice, microglial cells show a predilection for being activated (Godbout and
Johnson, 2004; Ye and Johnson, 1999b, 2001). In this state, they constitutively express
higher levels of inflammatory cytokines and are hypersensitive to signals from the
peripheral immune system. The increased production of inflammatory cytokines by
microglia is widely viewed to be involved in the severe sickness behavior seen in older
subjects with a peripheral infection (Abraham and Johnson, 2009; Godbout et al., 2005;
Henry et al., 2009). Interestingly, IL-6 was one of the first inflammatory cytokines shown to
be excessively produced by microglia in the senescent brain (Ye and Johnson, 1999b) and a
recent study suggests increased IL-6 trans-signaling in the brain of aged mice during
peripheral infection (Burton and Johnson, 2011). However, how microglia respond upon
activation of the IL-6 trans-signaling pathway is not well known nor is the contribution of
trans-signaling to age-related neuroinflammation and sickness behavior. Therefore, the goal
of the present study was to determine the role of IL-6 trans-signaling in neuroinflammation
and sickness behavior in aged mice during a peripheral immune stimulation.

Materials and Methods
Animals and Surgery

Male BALB/c mice were obtained from our in-house breeding colony. The median life span
for BALB/c mice is approximately 26 months (Morley and Trainor, 2001); therefore 3- to 6-
month-old (adult) and 20- to 24-month-old (aged) male mice were used. Mice were housed
in polypropylene cages and maintained at 21°C under a reverse-phase 12-h light-dark cycle
with ad libitum access to water and rodent chow. At the end of each study, mice were
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examined post mortem for gross signs of disease (e.g., tumors or splenomegaly). Data from
mice determined to be unhealthy were excluded from the analysis (<5%).

Intracerebroventricular (ICV) cannulation was performed under aseptic conditions as
described previously (Abraham et al., 2008). In brief, mice were deeply anesthetized with an
intraperitoneal (i.p.) injection of ketamine and xylazine (100 and 10 mg/kg, respectively)
and the surgical site was shaved and sterilized. They were positioned in a stereotaxic
instrument (David Kopf Instruments, Tujunga, CA) so that the frontal and parietal bones of
the skull were parallel to the surgical platform. An incision roughly 1.5 cm in length was
made on the cranium to reveal the bregma and a 26-gauge stainless steel cannula (Plastics
One, Roanoke, VA) was placed in the right lateral cerebral ventricle according to
predetermined stereotaxic coordinates (lateral 1.6 mm and antero-posterior 1 mm to the
bregma, and horizontal 2 mm from the dura mater). The cannula was secured using two
adjacent stainless steel screws and cranioplastic cement (Plastics One, Roanoke, VA). A
dummy cannula (Plastics One, Roanoke, VA) was inserted in the guide cannula to prevent
occlusion and infection. Mice were injected subcutaneously with buprenorphine (0.05 mg/
kg) following surgery and then again 8–12 h later to aid with any post-operative discomfort.
Mice were provided a minimum of 7 days to recover before any treatment or behavioral test.
Accurate placement of the cannula was confirmed by allowing 2 μl of sterile saline to flow
via gravity into the lateral ventricle. If cannula placement could not be confirmed by gravity
flow the animal was excluded from the study. All procedures were in accordance with the
guidelines for the care and use of laboratory animals and were approved by the University of
Illinois Institutional Animal Care and Use Committee.

Experimental protocols
Mice were routinely handled 1–2 min each day for 7 days before experimentation to
acclimate them to handling. Animals were injected ICV with sterile saline containing 0.1%
BSA (vehicle) or 100 ng sgp130 (R&D systems, Minneapolis, MN) dissolved in 2 μl
vehicle. At the same time as the ICV injection, mice were injected i.p. with sterile saline or
0.33 mg/kg BW (10 μg) LPS (serotype 0127:B8, obtained from Sigma, St. Louis, MO).

To measure changes in cytokines, mice not exposed to the behavior paradigms were injected
ICV with vehicle or sgp130 (100 ng) and i.p. with vehicle or LPS (10 μg), and killed 6 h
later by CO2 asphyxiation. The brain was rapidly removed and dissected to obtain
hippocampal tissue which was snap frozen in liquid nitrogen and stored at −80°C until later
analysis.

Assessment of Sickness
Mice were maintained in their home cage and locomotor activity was video recorded during
5-min periods using a camera mounted directly above the center of the cage floor.
Behavioral tests were conducted during the dark phase (between 07:00 and 19:00) of the
light/dark cycle under infrared lighting. Baseline behavior was taken just before treatment (0
h) and behavior was recorded 4, 6, 8, and 24 h after administration of sgp130 (0 ng or 100
ng ICV) and LPS (0 μg or 10μg i.p.). Animal movement was tracked from videos by
Ethovision (Noldus, Leesburg, VA) software, to determine total distance moved. Body
weight and food intake were measured at each time point over the 24-h period.

Microglia isolation
In experiments for flow cytometry, microglia from whole brain were isolated as described
previously, with few modifications (Henry et al., 2009). Mice were euthanized by CO2
asphyxiation and whole brains were collected and stored in sterile PBS. Brains were
homogenized by passage through a 70 μm cell strainer in Dulbecco’s Phosphate Buffered
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Salt Solution (DPBS) supplemented with 0.2% glucose. Resulting homogenates were
centrifuged at 600 × g for 6 min at 10°C. Supernatants were removed and cell pellets were
re-suspended in a 70% isotonic Percoll (GE-healthcare, Uppsala, Sweden) supplemented
with phenol red (0.01%) at room temperature. A discontinuous Percoll density gradient of
70%, 50%, 35%, and 0% isotonic Percoll was set up. The gradient was centrifuged for 20
min at 2000 × g and microglia were collected from the interphase between the 70% and 50%
Percoll layers (Frank et al., 2006). Cells were washed with DPBS and then re-suspended in
PBS- 0.5% BSA/0.01% sodium azide solution (flow buffer). The number of viable cells was
determined using a hemacytometer and 0.1% trypan blue; each isolation yielded
approximately 3 ×105 viable microglia.

Extracellular and intracellular flow cytometric analysis
Flow cytometric analysis of microglial surface and intracellular markers was performed
based on BD Cytofix/Cytoperm Plus fixation/permeabilization protocol (BD biosciences,
CA), as described previously, with a few modifications (Henry et al., 2009). In brief, cells
isolated by Percoll density gradient were incubated in DMEM (Bio-Whittaker, Cambrex,
MD) supplemented with 10% FBS (Hyclone, Logan, UT), 200 mM glutamine, and 100
units/ml penicillin/streptomycin (Invitrogen, Carlsbad, CA), and a solution containing
brefeldin A (BD Biosciences, CA) at 37°C in a humidified incubator under 5% CO2, for 4 h.
Cells were then washed in flow buffer and Fc receptors were blocked with anti-CD16/CD32
antibody (eBioscience, CA). In initial extracellular experiments, microglia were incubated
with anti-CD11b-PE-Cy7, anti-CD45-FITC, anti-CD126 (IL-6Rα)-PE, and anti-CD130
(gp130)-APC (eBioscience, CA). For intracellular cytokine experiments, microglia were
first incubated with anti-CD11b-APC, anti-CD45-FITC, and anti-MHC-II-PE antibodies
(eBioscience, CA). Next, cells were fixed and permeabilized with BD Cytofix/Cytoperm™

solution for 20 min. Microglia were washed with BD Perm/Wash™ buffer, re-suspended in
BD Perm/Wash™ buffer and incubated with anti-IL-6-PE (eBioscience, CA) for 30 min.
Cells were washed twice in BD Perm/Wash™ buffer and re-suspended in flow buffer.
Expression of surface and intracellular antigens was determined using a Becton-Dickinson
LSR II Flow Cytometer (Red Oaks, CA). Thirty thousand events were collected, microglia
were identified by CD11b+ and CD45+low expression (Ford et al., 1995). Gating was
determined based on fluorescently labeled isotype antibodies for PE-Cy7, FITC, PE, APC
(eBioscience, San Diego, CA), and unstained samples as controls. Flow data were analyzed
using FCS Express software (De Novo Software, Los Angeles, CA).

Cytokine mRNA measurement by quantitative real-time PCR
Total RNA from hippocampal tissue was isolated using the Tri Reagent protocol (Sigma, St.
Louis, MO). A QuantiTect Reverse Transcription Kit (Qiagen, Valencia, CA) was used for
cDNA synthesis with integrated removal of genomic DNA contamination according to the
manufacturer’s protocol. Quantitative real-time PCR was performed using the Applied
Biosystems (Foster, CA) Assay-on Demand Gene Expression protocol as previously
described (Krzyszton et al., 2008). In brief, cDNA was amplified by PCR where a target
cDNA (IL-6, Mm00446190_m1; IL-1β, Mm00434228_m1; ADAM10 Mm00545742_m1;
ADAM17 Mm00456428_m1; Icam Mm00516023_m1; Vcam Mm01320970_m1; Socs1
Mm00782550_s1; Socs3 Mm00545913_s1; iNOS2 Mm01309902) and a reference cDNA
(glucose-3 phosphate dehydrogenase, Mm99999915_g1) were amplified simultaneously
using an oligonucleotide probe with a 5′ fluorescent reporter dye (6-FAM) and a 3′
quencher dye (NFQ). PCR reactions were performed in triplicate under the following
conditions: 50°C for 2 min, 95°C for 10 min, followed by 40 cycles of 95°C for 15 sec, and
60°C for 1 min. Fluorescence was determined on an ABI PRISM 7900HT-sequence
detection system (Perkin Elmer, Forest City, CA). Data were analyzed using the
comparative threshold cycle (Ct) method, and results are expressed as fold difference.
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Statistical analysis
Data were analyzed using Statview and Statistical Analysis System software (SAS Inst.,
Cary, NC). All data were subjected to a univariate analysis to ensure normality. Locomotor
data were subjected to a 3-way ANOVA (sgp130 x LPS x time) using repeated measures in
which time (0, 4, 6, 8, and 24 h) was a within subjects measure, and sgp130 (vehicle or 100
ng/mouse) and LPS (sterile saline or LPS 10 μg/mouse) were between subjects measures.
All other data were subjected to one-way (age), two-way (sgp130 x LPS), or three-way (age
x sgp130 x LPS) ANOVA as appropriate. Post hoc Student’s t test of least square means was
used to determine if treatment means were significantly different from one another (p<0.05).
All data are presented as mean ± SEM.

Results
IL-6R and gp130 expression by microglia from adult and aged mice

In aged mice, excessive production of IL-6 in the brain during peripheral infection
contributes to behavioral pathology and may be related to dysfunctional IL-6 signaling.
Thus, in an initial study we sought to determine the effects of aging on several components
necessary for classical and trans-signaling by determining the expression of IL-6R and
gp130 on microglia from adult and aged mice. Microglia identified as CD11b+ and CD45low

were stained for IL-6R and gp130. Figure 1A and 1B, show the percentages of microglia
that were CD11b+/IL-6R+ and CD11b+/gp130+, respectively. A greater proportion of
microglia from aged mice expressed IL-6R compared to adults (p<0.05), while there was no
difference in the expression of gp130. Hippocampal tissue, which presumably included
microglia, astrocytes and neurons, was collected and mRNAs for ADAM17 and ADAM10
were measured (Figure 2). Aged animals had a higher baseline level of ADAM17 mRNA
(Figure 2A; p<0.05), while there was no difference in ADAM10 mRNA (Figure 2B).
Coincidently, a recent study has shown that ADAM17 but not ADAM10 is a requisite for
IL-6R shedding (Chalaris et al., 2010). Taken together, these data suggest (1) microglia in
aged mice may be more responsive to IL-6 via the classical signaling pathway due to an up
regulation of the IL-6R; and/or (2) aged mice may produce more sIL-6R in the brain—a
prerequisite for central IL-6 trans-signaling—due to an up regulation of IL-6R and
ADAM17.

sgp130 inhibits LPS-induced sickness behavior in aged mice
Previous studies in IL-6 knockout mice and in wild type mice injected with sgp130 suggest
IL-6 trans-signaling has a role in behavioral changes caused by peripheral infection (Burton
et al., 2011; Nguyen et al., 2011). Another study involving aged mice suggested that
increased IL-6 trans-signaling inhibits consolidation of memories that are hippocampal
dependent (Burton and Johnson, 2011). However, if IL-6 trans-signaling is involved in the
exacerbated behavioral response induced by infection in older mice is not known. Therefore,
we next investigated the effects of centrally administered sgp130 on sickness behavior
induced by i.p. injection of LPS. In separate but similar studies, adult and aged mice were
administered sgp130 ICV and LPS i.p. and spontaneous locomotor behavior, food intake and
body weight were assessed as measures of sickness. In adult mice, figure 3A shows
locomotor behavior was depressed by LPS from 4 to 8 h post injection but returned to
normal by 24 h (LPS x time, [F (2,38) = 6.64, p < 0.001]). Treatment of adult mice with
sgp130 did not influence the effects of LPS on locomotor behavior (Figure 3A, LPS x
sgp130, [F (2, 38) = 2.47, p > 0.10]). In aged mice, however, a sgp130 x LPS interaction
affected locomotor behavior (Figure 3B, [F (2, 44) = 5.13, p < 0.01]). Whereas aged mice
given LPS alone had depressed locomotor behavior throughout the entire 24 h period, in
those given sgp130 in conjunction with LPS, locomotor behavior was fully restored by 8 h.
Treatment effects on food intake and body weight in adult and aged mice are presented in
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Table 1. Consistent with locomotor activity, sgp130 given ICV protected aged mice from the
effects of LPS given i.p. As sgp130 prevents the IL-6-sIL-6R from activating intracellular
gp130, these data suggest that an increase in IL-6 trans-signaling in the brain of aged mice
contributes to the severe behavioral deficits seen during infection.

sgp130 inhibited LPS-induced microglia production of IL-6
To assess the role of IL-6 trans-signaling in LPS-induced IL-6 production by microglia, we
next determined intracellular IL-6 protein expression in microglia isolated from adult and
aged mice 6 h after administration of sgp130 (ICV) and LPS (i.p.). Figure 4A shows the
percentage of microglia from adult and aged mice stained with anti-CD11b-PE-Cy7 and
intracellular anti-IL-6-PE. An age x LPS x sgp130 interaction affected microglial IL-6, [F
(3, 61) = 4.07, p < 0.01]. Peripheral LPS increased the percentage of IL-6+ microglia
(CD11b+/IL-16+) in both age groups. However, the LPS-induced increase in IL-6+ microglia
was greater in aged mice compared to adults [F (2, 61) = 3.24, p < 0.05], an observation
consistent with earlier findings (Ye and Johnson, 1999a). Figure 4A further shows that ICV
sgp130 attenuated IL-6 production by microglia from aged mice, reducing the level to that
seen in adults. Thus, while sgp130 did not blunt LPS-induced expression of IL-6 in aged
microglia to levels seen in adult microglia, it did curtail IL-6 expression to a level consistent
with the LPS-induced behavioral changes seen in similarly treated mice, suggesting that
IL-6 trans-signaling plays a critical role in the exaggerated behavioral deficits observed in
aged animals.

Microglia isolated from adult and aged brains were also stained with antibodies for MHC-II
and analyzed by flow cytometry. Figure 4B shows the percentage of CD11b+/MHC-II+

cells. As reported previously (Henry et al., 2009), microglia isolated from aged mice had
higher MHC-II expression (CD11b+/MHC II+) compared to microglia isolated from adults
(p < 0.05). However, ICV treatment with sgp130 did not affect MHC II protein on
microglia.

Exaggerated IL-6 and MHC-II gene expression is modified by sgp130
To gain a broader view of the role of IL-6 trans-signaling in neuroinflammation, mRNA for
several markers of inflammation (IL-1β, IL-6, MHC-II), oxidative stress (iNOS2), cytokine
regulation (SOCS1 and SOCS3), cytokine modulation (ADAM10 and ADAM17), and
markers of blood-brain barrier integrity (ICAM-1 and VCAM-1) were measured in
hippocampal tissue collected from adult and aged mice 6 h after administration of sgp130
(ICV) and LPS (i.p.). Table 2 shows the main effects of sgp130 and LPS on IL-6 and MHC-
II mRNA. There was a sgp130 x LPS interaction in both IL-6 [F (2, 33) = 3.25, p < 0.04]
and MHC-II [F (2, 33) = 5.57, p < 0.01] in aged but not in adult brain; whereby sgp130
decreased the basal and LPS-induced expression of IL-6 and MHC-II mRNA in the aged
brain, but not in the adult brain. Treatment effects on the other genes that were assessed are
also presented in Table 2. Of note, the age- related increase in ADAM17 mRNA was
reduced by sgp130; suggesting a positive feedback loop between IL-6 trans-signaling and
ADAM17in aged animals.

Discussion
A recent study suggested that the magnitude and duration of IL-6 signaling are increased in
the hippocampus of aged mice compared to adults after peripheral injection of LPS (Burton
and Johnson, 2011). In the same study, sgp130 given ICV reduced IL-6 protein in the
hippocampus and improved hippocampal-dependent learning and memory after i.p. injection
of LPS (Burton and Johnson, 2011), suggesting a role for trans-signaling. The present study
significantly extends this in several important ways. First, we are not aware of a previous
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study showing that more microglia from aged mice express IL-6R. Although the increased
expression of IL-6R in conjunction with increased production of IL-6 helps explain the
effects of aging on IL-6 signaling in the hippocampus, it also introduces the idea that
microglia are an important source of sIL-6R in the aged brain. This is supported by our
finding of higher ADAM17 mRNA in the hippocampus of aged mice. sIL-6R is necessary
for trans-signaling, which is important in the CNS because neurons that express gp130
appear to express little IL- 6R (Burton et al., 2011). Thus, these data suggest that IL-6R
shedding may be higher in the aged brain, which induces the pro-inflammatory IL-6 trans-
signaling arm. Similar observations in models of colon cancer found an increase in
ADAM17 and upregulated IL-6R on T-cells, connecting IL-6 trans-signaling to immune cell
regulation and disease progression (Becker et al., 2004). It is well-documented that there are
heightened levels of peripheral IL-6 in aged animals pre- and post LPS (Burton and Johnson,
2011; Godbout and Johnson, 2004). This inflammatory signal is sent to the brain through
vagal, humoral, and diffusive pathways (Dantzer et al., 1999; Villeda et al., 2011). Once the
signal is in the brain, the microenvironment becomes a factor and this study begins to
elucidate a potential feed forward system in CNS-derived exaggeration of IL-6.

As a means to distinguish classical from trans-signaling in the brain, we injected sgp130
ICV, a molecule that competes with cell-bound gp130 for the IL-6-sIL-6R complex.
Because sgp130 only binds the IL-6-sIL-6R complex, it does not interfere with classical
signaling. Using this approach, LPS-induced sickness behavior was ameliorated in aged
mice and the percentage of microglia expressing IL-6 was significantly reduced, as was the
basal upregulated expression of several inflammatory genes in the hippocampus. Thus,
another key finding in the present study was that IL-6 trans-signaling contributes to the
induction of IL-6 expression in microglia and expression of other inflammatory molecules in
the brain.

Another important finding was that whereas sgp130 reduced signs of illness in aged mice
given LPS, it had little or no effect in similarly treated adults. Further, it should be noted that
in aged mice sgp130 did not completely block the effects of LPS but rather returned them to
what was seen in adults. Recent evidence suggests that the microenvironment of the normal
aged brain is characterized by chronic low-level inflammation and increased microglia
reactivity (Godbout and Johnson, 2009). In the present study, this was evident by an age-
related increase in microglia that were positive for both MHC-II and IL-6. Furthermore,
when mice were challenged with LPS, the increase in microglia that were positive for IL-6
was much greater in the aged, indicating enhanced reactivity. The exaggerated behavioral
response seen in aged mice during infection is largely credited to the heightened reactivity
of microglia. Thus, the present study suggests that an age-related increase in IL-6R and
trans-signaling are major factors in eliciting behavioral pathology. The present study also
suggests the “normal” behavioral response induced by peripheral LPS does not appear to
involve trans-signaling because sgp130 did not inhibit sickness behavior in adults and only
partially did so in the aged. This later point is important because the behavioral changes
induced during infection are part of a well-organized response designed to help the infected
host contend against the pathogen (Hart, 1988). The ability to constrain the response in aged
animals without blocking it entirely is clinically relevant. This issue needs further
investigation, however, because in another study using a different behavioral measurement
(i.e., social behavior) sgp130 sped recovery after LPS injection (Burton et al., 2011).

Taken together, the results show that microglia are important regulators of the IL-6 trans-
signaling response in the aged brain and that sgp130 exerts an anti-inflammatory effect by
inhibiting the pro-inflammatory arm of IL-6 signaling. The fact that centrally administered
sgp130 inhibited behavioral and neuroinflammatory responses to peripheral LPS in aged
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mice but not adults indicates trans-signaling is an important factor in the age-associated
dysregulation of the neuroimmune network.
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Research Highlight

A cellular source of exaggerated central IL-6 is elucidated and the involvement of IL-6
trans-signaling on the exaggerated sickness response in the aged is identified.
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Figure 1. Differential expression of IL-6 receptor and gp130 on microglia isolated from adult
and aged mice
Average percentage of cells that were A) CD11b+/IL-6R+ B) and CD11b+/gp130+. Cell
surface markers were assessed for CD11b, CD45, and IL-6R or gp130 expression; compared
with isotype and unstained controls. Bars represent the means ± SEM (n = 8). Means
marked with a * are significantly different from each other (P < 0.05).
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Figure 2. Hippocampal gene expression of IL-6 receptor sheddases ADAM17 and ADAM10 from
adult and aged mice
Hippocampal tissue was collected and assayed for A) ADAM17 and B) ADAM10. Aged
animals had a significant upregulation of baseline levels of ADAM17 gene expression. Bars
represent the mean ± SEM (n = 8–9) Means with * are statistically different from each other
(P<0.05).
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Figure 3. sgp130-mediated LPS-induced sickness behavior in adult and aged animals
Mice were injected ICV with vehicle or sgp130 (100ng) and i.p. with sterile saline or LPS
(10 μg). Spontaneous locomotor baseline behavior was measured before injections (0) and
at 4, 6, 8, and 24 h post-injection. Bars represent the mean ± SEM (n = 10–11) Means with *
are statistically different (P<0.05) from saline controls.
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Figure 4. sgp130 ameliorates LPS-induced microglial IL-6 production in the aged, while
unaltering MHC-II expression
Adult and aged mice were injected ICV with vehicle or sgp130 (100ng) and i.p. with sterile
saline or LPS (10 μg) and microglia were isolated by percoll density gradient 6 h later. Cells
were subjected to the BD Cytofix/Cytoperm™ fixation/permeabilization protocol and stained
with anti-CD11b-APC, anti-CD45-FITC, and anti-IL-6-PE or MHC-II-PE. Bars represent
the means ± SEM (n =7–8). Means with different letters are statistically different (P<0.05)
from each other.
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