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Abstract
Reactive astrocytes are traditionally thought to impede brain plasticity after stroke. However, we
previously showed that reactive astrocytes may also contribute to stroke recovery, partly via the
release of a nuclear protein called high-mobility group box 1 (HMGB1). Here, we investigate the
mechanisms that allow stimulated astrocytes to release HMGB1. Exposure of rat primary
astrocytes to IL-1b for 24 hrs elicited a dose-dependent HMGB1 response. Immunostaining and
western blots of cell lysates showed increased intracellular levels of HMGB1. Western blots
confirmed that IL-1b induced a release of HMGB1 into astrocyte conditioned media. MAP kinase
signaling was involved. Levels of phospho-ERK were increased by IL-1b, and the MEK/ERK
inhibitor U0126 decreased HMGB1 upregulation in the stimulated astrocytes. Since HMGB1 is a
nuclear protein, the role of the nuclear protein exporter, chromosome region maintenance 1
(CRM1), was assessed as a candidate mechanism for linking MAP kinase signaling to HMGB1
release. IL-1b increased CRM1 expression in concert with a translocation of HMGB1 from
nucleus into cytoplasm. Blockade of IL-1b -stimulated HMGB1 release with the ERK inhibitor
U0126 was accompanied by a downregulation of CRM1. Our findings reveal that IL-1b stimulates
the release of HMGB1 from activated astrocytes via ERK MAP kinase and CRM1 signaling.
These data suggest a novel pathway by which inflammatory cytokines may enhance the ability of
reactive astrocytes to release pro-recovery mediators after stroke.
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Introduction
Astrocytes comprise the most numerous non-neuronal cell type in mammalian brain (Tower
et al., [1973]). Within a few hours of virtually any type of brain injury, surviving astrocytes
in the affected region become hypertrophic and proliferate, a process termed reactive
astrogliosis (Ridet et al., [1997]). Traditionally, it was assumed that reactive astrocytes after
stroke or brain injury contribute to glial scarring that impedes neuronal remodeling and
recovery (Silver and Miller, [2004]). However, it is now recognized that reactive astrocytes
may also release many trophic factors, such as nerve growth factor, basic fibroblast growth
factor, platelet-derived growth factor, brain-derived neurotrophic factor, ciliary neurotrophic
factor, Neuropilin-1, vascular endothelial growth factor, and others (Strauss et al., [1994];
Mocchetti and Wrathall, [1995]; Ridet et al., [1997]; Tokita et al., [2001]; Zhang and Chopp,
[2002]; Chen and Swanson, [2003]). Many of these trophic factors may in fact be beneficial
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by promoting neuronal survival and synaptogenesis, neurogenesis, and angiogenesis after
stroke or brain injury (Panickar and Norenberg, [2005]; Shibuya et al., [2009]).

In addition to trophic factors, it was recently discovered that reactive astrocytes may also
secrete a nuclear protein called high-mobility group box 1 (HMGB1) (Passalacqua et al.,
[1998]; Kim et al., [2008]). HMGB1, a non-histone DNA-binding protein, is widely
expressed in various tissues, including mammalian brain. HMGB1 is a multifunctional
molecule that acts as an extracellular trigger and/or modulator of critical cell processes such
as inflammation, proliferation, migration and survival (Yang et al., [2005]; Ullora et al.,
[2006]). In neurons, HMGB1 can promote neurite outgrowth, upregulate symaptic proteins
and sustain cell survival (Huttunen et al., [2000], [2002]). In endothelial cells, HMGB1 can
induce proliferation (Treutiger et al., [2003]) and sprouting (Schlueter et al., [2005]). Hence,
in the context of stroke and brain injury, HMGB1 released from reactive astrocytes would be
a candidate mediator for enabling neurovascular remodeling during the recovery phase.

To date, the mechanisms that regulate the expression and secretion of HMGB1 in astrocytes
remain unclear. In this study, we investigated HMGB1 expression in rat cortical astrocytes
stimulated with IL-1b. Our findings showed that IL-1b-stimulated astrocytes upregulate and
release HMGB1 via specific signaling pathways involving ERK MAP kinase and the
nuclear protein exporter, chromosome region maintenance 1 (CRM1).

Methods and Materials
Reagents

Rat recombinant IL-1b and human recombinant HMGB1 were purchased from Sigma-
aldrich (St Louis, MO), U0126, SB203580, SP600125 were purchased from Calbiochem (La
Jolla, CA).

Cell culture
Primary astrocyte cultures were prepared from cerebral cortices of 2-day-old neonatal
Sprague-Dawley rats (Arai et al, [2003]). Briefly, dissociated cortical cells were suspended
in Dulbecco's modified Eagle medium (NBM, Life Technology) containing 25 mM glucose,
4 mM glutamine, 1 mM sodium pyruvate, and 10% fetal bovine serum and plated on
uncoated 25 cm2 flasks at a density of 6×105 cells/cm2. Monolayers of type 1 astrocytes
were obtained 12-14 days after plating. Nonastrocytic cells such as microglia and neurons
were detached from the flasks by shaking and removed by changing the medium. Astrocytes
were dissociated by trypsinization and then reseeded on uncoated 6-, 12-, and 24-well plates
or slide chambers at a density of 2×105 cells/cm2. After the cells reached confluence (7-8
days after seeding), cultures were switched to serum-free Dulbecco's modified Eagle
medium and experiments were initiated 1 h and 24 h later. In this system, more than 95% of
the cells were identified as type 1 astrocytes by GFAP staining and their flattened, polygonal
morphology.

Immunohistochemistry
Cells on slide chambers were used for immunohistochemistry. After the cells reached
confluence, they were washed with ice-cold PBS (pH 7.4), followed by 4%
paraformaldehyde for 30 min. After being further washed three times in PBS containing
0.1% Triton X-100, they were incubated with 3% bovine serum albumin (BSA) in PBS for 1
h. Then cells were incubated with primary antibodies against the astrocytic marker glial
fibrillary acidic protein (GFAP; 1:100; Chemicon) or HMGB1 (1:200; Abcam) or CRM1
(1:100; BD Transduction Laboratories) at 4°C overnight. After washing with PBS, they
were incubated with goat anti rabbit IgG against HMGB1 conjugated with TRITC (1:150;
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Jackson ImmunoResearch) and donkey antimouse IgG against GFAP or CRM1 conjugated
with fluorescein isothiocyanate (1:150; Jackson ImmunoResearch) for 1 h at room
temperature. Finally, nuclei were counterstained with 4,6-diamidino-2-phenylindole (DAPI),
and coverslips were placed. Immunostaining was analyzed with a fluorescence microscope
(Olympus BX51) interfaced with a digital charge-coupled device camera and an image
analysis system.

Preparation of cellular extracts—At 24h after IL-1b (100pg/ml) treatment, astroglial
cells were harvested and washed twice with cold PBS, and nuclear and cytoplasmic extracts
were prepared by using NucBusterTM Protein Extraction Kit purchased from Novagen
(Madison, WI). We prepared a single cell suspension 4×105 cells/25 μl and resuspend the
cell pellet using 75 μl NucBuster Reagent 1 following mixing 15 sec at high speed vortex,
and incubating on ice 5 min, and vortex again 15 sec at high speed. After then, cytoplasmic
fraction was extracted by centrifuge at 16,000 × g for 5 min at 4°C. After that, the pellet was
resuspend in 1 μl of 100X Protease Inhibitor Cocktail, 1 μl of 100 mM DTT, and 75 μl
NucBuster Extraction Reagent 2 following mixing 15 sec at high speed vortex, and
incubating on ice 5 min, and vortex again 15 sec at high speed. Nuclear extract was prepared
from supernatant after centrifuge at 16,000 × g 5 min at 4°C.

Western blot analysis
Cultures were rinsed twice with ice-cold phosphate-buffered saline and the cells were
collected into Pro-PREPTM Protein Extraction Solusion (BOCA SCIENTIFIC). Cell lysates
were then homogenized and centrifuged at 14,000 rpm for 10 min at 4°C and protein
concentration in the supernatant was determined with the Bradford assay (Bio-Rad).
Samples were heated with equal volumes of SDS sample buffer (Novex) and 10% 2-
mercaptoethanol at 95°C for 5 min, then each sample (20 μg per lane) was loaded onto
4-20% Tris-glycine gels. After electorophoresis and transferring to polyvinylidene difluoride
membranes (Novex), the membranes were blocked in Tris-buffered saline containing 0.1%
Tween 20 and 0.2% I-block (Tropix) for 90 min at room temperature. Membranes were then
incubated overnight at 4°C with monoclonal anti-p-ERK1/2 antibody (1:2,000, Cell
Signaling Technology, New England Biolabs) or anti-ERK1/2 antibody (1:2,000, promega)
or monoclonal anti-HMGB1 (1:10000, Abcam) or anti-CRM1 (1:2000, BD Transduction
Laboratories) after incubation with peroxidase-conjugated secondary antibodies and
visualization by enhanced chemiluminescence (GE Healthcare). Optical density was
assessed using the NIH Image analysis software.

Cell number and viability assays
Cell proliferation/survival was assessed by WST reduction assay (Dojindo), which detects
dehydrogenase activity of viable cells. The cells were incubated with 10% WST solution for
1 h at 37°C. Then the absorbance of the culture medium was measured with a microplate
reader at a test wavelength of 450 nm and a reference wavelength of 630 nm.To ensure that
our secreted HMGB1 measurements were not confounded by nonspecific protein release due
to cell damage, cytotoxicity was quantified using a standard measurement of lactate
dehydrogenase (Boehringer-Mannheim LDH kit). Measurement of the reduction of 3-(4,5-
dimethylthiazol-2-yl)2,5-diphenyl-tetrazolium bromide (MTT) was performed to assess the
integrity of mitochondrial function as a measure of cell viability.

Statistical analysis
Results were expressed as mean±SEM. Multiple comparisons were evaluated ANOVA
followed by Tukey-Kramer's tests for pair-wise comparisons between all groups.
Differences that reached P<0.05 were considered to be statistically significant.
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Results
IL-1b upregulates and induces HMGB1 secretion in astrocytes

Immunohistochemical staining showed that IL-1b increased HMGB1 expression in
astrocytes (Figure 1A). Western blots demonstrated that IL-1b (10-1000 pg/ml) upregulated
HMGB1 in astrocytes following a concentration-dependent manner [F(4,16)=17.417,
P<0.0001, Figure 1B]. Western blots were also used to confirm that this response to IL-1b
involved an active release of HMGB1 into the culture media [F(2,8)=8.706, P=0.0098,
Figure 2A]. Proliferation (WST), cytotoxicity (LDH), and cell viability (MTT) assays
showed that the range of IL-1b stimulation used here did not increase cell numbers, cause
cell death, or alter basic cell viability respectively (Figure 2B-D). Thus, the IL-1b-induced
release of HMGB1 from astrocytes was not due to nonspecific cell lysis or injury.

IL-1b upregulates HMGB1 via ERK signaling
IL-1b (10-1000 pg/ml) increased phosphorylation in ERK1/2 without affecting total ERK1/2
levels (Figure 3A). The MEK/ERK inhibitor, U0126 (0.1-10 μM) effectively reduced IL-1b-
induced ERK phosphorylation in a dose-dependent manner (Figure 3B). Concomitantly,
U0126 also blocked the ability of IL-1b (100 pg/ml) to upregulate HMGB1
[F(4,19)=11.633, P<0.0001, Figure 3C], showing that the ERK MAP kinase signaling
pathway is involved in this phenomenon. In contrast, inhibitors of the other two major MAP
kinases, SB203580 for p38 and SP600125 for JNK, did not have any detectable effects at all
(data not shown).

IL-1b enhances expression of CRM1 via ERK phosphorylation
HMGB1 is a nuclear protein, so we hypothesized that the nuclear protein exporter,
chromosome region maintenance 1 (CRM1), may be a candidate mechanism for IL-1b-
stimulated HMGB1 release from astrocytes. IL-1b (100 pg/ml) significantly enhanced the
expression of CRM1 in astrocytes. And the elevation of CRM1 was attenuated by blockade
of ERK MAP kinase signaling with U0126 (10 μM) [F(2,13)=13.875, P<0.001, Figure 4].

Translocation and release of HMGB1 occurs via CRM1 activation
In stimulated astrocytes, immunostaining showed that IL-1b (100 pg/ml) upregulated CRM1
expression (Figure 5). CRM1-positive astrocytes showed evidence of a translocation of
HMGB1 from a mostly nuclear localization to include a diffuse staining in the cytoplasm
(Figure 5). This phenomenon appeared to be dependent on upstream ERK MAP kinase
signaling. U0126 (10 μM) effectively blocked CRM1 upregulation and HMGB1
translocation (Figure 5).

To quantify these findings, western blots of cell lysates were performed on IL-1b-stimulated
astrocytes. Stimulation of astrocytes with IL-1b upregulated total amounts of HMGB1 and
also resulted in a translocation from nuclear to cytoplasmic fractions (Figure 6A-B).
Blockade of ERK MAP kinase signaling with U0126 prevented the translocation of HMGB1
into cytoplasm [F(2,9)=16.625, P<0.001, Figure 6B]. As a positive control, leptomycin B
(LMB, 20 nM) was used to block the binding of CRM1 to proteins containing the nuclear
export signal. Leptomycin B also effectively prevented IL-1b from trigerring the
translocation of HMGB1 into cytoplasm [F(2,9)=25.364, P<0.001, Figure 6B].

Ultimately, CRM1 and ERK MAP kinase-mediated translocation of HMGB1 was consistent
with measurable effects on total HMGB1 release. Western blot analysis of conditioned
media demonstrated that IL-1b-stimulated release of HMGB1 was significantly attenuated
by either blocking ERK MAP kinase signaling with U0126 (10 μM) [F(2,12)=15.022,
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P<0.001], or blocking CRM1 signaling with leptomycin B (20 nM) [F(2,11)=12.408,
P<0.01] (Figure 7).

Discussion
It is increasingly recognized that reactive astrocytes play complex and potentially biphasic
roles after stroke and brain injury. Glial scarring should be deleterious in terms of producing
inhibitory signals and substrates that inhibit dendritic and axonal remodeling in neuronal
circuits (Horner and Gage, [2000]; Rossi et al., [2007]). But some subsets of reactive
astrocytes may also comprise key sources of beneficial mediators that encourage neuronal
and vascular plasticity (Liberto et al, [2004]). We have previously shown that reactive
astrocytes release HMGB1 that promotes neurovascular recovery within peri-infarct cortex
after focal cerebral ischemia in mice (Hayakawa et al, [2009]). In the present study, we used
primary cortical astrocyte cultures to dissect the mechanisms that control HMGB1
regulation. Our data showed that the inflammatory cytokine IL-1b potently upregulates
HMGB1 in astrocytes. The prototypical MAP kinase ERK provides the upstream signal.
And the nuclear export protein CRM1 enables nuclear HMGB1 to translocate from nucleus
to cytoplasm before release. These data provide support for a novel signaling pathway that
allows reactive astrocytes to release HMGB1 within the context of an inflammatory milieu.

HMGB1 is an architectural non-histone DNA-binding factor known to be released
extracellularly during inflammatory responses in diverse tissues (Abraham et al., [2000];
Wang et al., [1999]). Traditionally, it was thought that release of HMGB1 occurred via
passive nonspecific leakage from necrotic cells (Scaffidi et al., [2002]; Qiu et al., [2008]).
However, emerging data now suggest that under some conditions, HMGB1 can also be
secreted via specific signaling mechanisms. Upon inflammatory stimulation, HMGB1 can
be actively secreted from monocytes and macrophages (Bonaldi et al, [2003]), endothelial
cells (Kawahara et al, [2008]), fibroblasts (Feghali et al, [2009]), and brain glial cells
(Passalacqua et al, [1998]). However, the mechanisms that mediate HMGB1 release are
complex and still remain elusive. For example, HMGB1 is secreted by macrophages/
monocytes via a non-classical, vesicle-mediated, secretory pathway (Bonaldi et al., [2003];
Garadella et al., [2002]), but the subcellular identity of these HMGB1-containing vesicles is
not yet fully identified. In our study, we showed that in response to IL-1b stimulation,
astrocytes upregulated HMGB1 levels and then proceeded to release it into extracellular
space. There were no changes in astrocyte cell number or viability. Hence, this phenomenon
is not the result of nonspecific leakage from dying cells.

In this study, we found that blockade of the ERK pathway with U0126 almost completely
inhibited IL-1b-induced HMGB1 release. But inhibitors of other MAP kinases such as p38
and JNK, had no detectable effect. Hence, ERK MAP kinase may be specifically required
for IL-1b-stimulated HMGB1 responses in astrocytes. This is consistent with the known
ability of the MAP kinase pathways to play important roles in physiological and
pathological events, including cell-cycle regulation, proliferation, apoptosis, and
inflammation (Pouyssegur, [2000]; Deng et al., [2003]).

The ability of IL-1b to trigger ERK MAP kinase signaling in astrocytes is consistent with
our previous findings (Arai et al, [2003]). But how would ERK signaling lead to the release
of HMGB1? HMGB1 is a nuclear protein, so movement from nucleus into cytoplasm should
be required before release into extracellular space occurs. CRM1 is a well-known factor that
mediates the nuclear export of proteins bearing a leucine-rich nuclear export signal. Hence,
we hypothesized that CRM1 may be involved in our model system. Our data supported this
idea. CRM1 levels were clearly increased upon IL-1b stimulation and ERK activation. We
further confirmed this pathway using leptomycin B, a drug that inhibits the function of
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CRM1 protein in yeast (Ossareh-Nazari et al., [1997]). Leptomycin B potently decreased
IL-1b-stimulated HMGB1 release from astrocytes. Thus, these data support the existence of
a signaling pathway whereby IL-1b triggers upstream ERK MAP kinase that activates
CRM1, allowing HMGB1 to translocate from nucleus into cytoplasm before release into
extracellular space. Our results are consistent with previous reports describing the
connection between CRM1-mediated nuclear export and ERK signaling in various cancer
cell lines (Qiu et al., [2003]; Le Gallic et al., [2004]). However, it must be noted that U0126
did not completely suppress CRM1 levels, suggesting that beyond ERK, other signaling
pathways may also be involved in our astrocyte model system.

In the context of stroke and brain injury, HMGB1 may be released from ischemic neurons
(Qiu et al., [2008]) and activated monocytes/macrophages (Wang et al., [1999]). Thereafter,
HMGB1 would mediate potentially deleterious inflammatory responses by activating
monocytes/macrophage (Andersson et al., [2000]; Park et al., [2004]), neutrophils (Abraham
et al., [2000]; Park et al., [2004]), microvascular endothelial cells (Fiuza et al., [2003]), and
microglia (Kim et al., [2006]). In one study, suppression of HMGB1-containing microglia
improved functional outcomes in focal cerebral ischemia (Hayakawa et al, [2008]). More
recently, however, it is beginning to be recognized that many mediators in stroke
pathophysiology play biphasic roles (Lo, [2008]). Early in the stroke process, critical
mediators contribute to brain cell damage and death. But later on, the same mediators
contribute to neurovascular remodeling. In this regard, HMGB1 might also play biphasic
roles after stroke. In contrast to the damaging actions early on, delayed HMGB1 signaling in
reactive astrocytes may promote neurovascular remodeling. HMGB1 promotes neurite
outgrowth (Huttunen et al., [2000], [2002]) and may also to play an essential role in
endothelial cell activation that is needed for angiogenesis and vascular recovery (Treutiger
et al., [2003]). In this study, we showed that ERK MAP kinase and CRM1 signaling
mediates the ability of reactive astrocytes to upregulate and release pro-recovery HMGB1.
These pathways may be important, because they may provide targets for future attempts to
modify and augment pro-recovery mechanisms in astrocytes after stroke and brain injury.

Taken together, our findings support a novel signaling pathway involving ERK MAP kinase
and CRM1 signaling that allows astrocytes to upregulate and release HMGB1 in response to
inflammatory IL-1b stimulation. However, there are several caveats to keep in mind. First,
these data are based on primary astrocytes cultures. The data here are consistent with our
previous paper that described the potentially beneficial actions of HMGB1-positive
astrocytes in peri-infarct brain (Hayakawa et al, [2009]). But whether these specific ERK
and CRM1 signaling mechanisms operate in vivo remains to be confirmed. Second, we only
tested a single stimulus, i.e. IL-1b. It has been previously reported that astrocytes can release
HMGB1 in response to diverse stimuli, including cAMP, dexamethasone and forskolin
(Passalacqua et al., [1998]). After stroke or brain injury, multiple inflammatory cytokines
and chemokines would co-exist in vivo. How HMGB1 is regulated in a complex and
multifactorial situation in vivo is unclear. Third, our data suggest the ERK and not p38 or
JNK MAP kinases were involved. But of course, there are many other kinase mechanisms
that we have not examined. For example, protein kinase C seems to be a central regulator for
HMGB1 regulation in monocytes (Oh et al, [2009]), whereas Janus kinases are involved in
IFN-mediated HMGB1 release from macrophages (Renden-Mitchell et al, [2003]). How
ERK signaling in our astrocyte model system may interact with other kinase pathways
remains to be determined. Fourth, our focus here was on astrocytes because we previously
showed that subsets of HMGB1-positive astrocytes played a role in peri-infarct recovery
after focal cerebral ischemia. But of course, many other cell types will contribute to stroke
recovery. How HMGB1 is co-regulated in microglia and actively remodeling neurons and
vasculature would be an important direction to pursue.
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In conclusion, we demonstrated that ERK MAP kinase and CRM1 signaling are required for
the upregulation and secretion of HMGB1 from IL-1b-stimulated astrocytes. These findings
suggest a novel pathway by which inflammatory cytokines may enhance the ability of
reactive astrocytes to contribute to neurovascular recovery after stroke and brain injury.
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Figure 1.
(A) Immunohistochemical staining demonstrated that HMGB1 expression is enhanced after
IL-1b treatment in our purified astroglia culture system. Cells were stained for the astrocytic
marker glial fibrillary acidic protein (GFAP; green), anti-HMGB1 antibody (red). Scale bar
indicates 100 μm. (B) IL-1b (10-1000 pg/ml) significantly enhanced the expression of
HMGB1 in astrocytes after 24 hrs. Values are means ± SEM of four independent
experiments. *P<0.05, **P<0.01 compared with 0 pg/ml treatment controls.
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Figure 2.
(A) Treatment with IL-1b (100 pg/ml) for 24 hrs significantly induced the release of
HMGB1 into extracellular media. Values are means ± SEM of six independent experiments.
*P<0.05 compared with 0 pg/ml treatment controls. IL-1b (100 pg/ml) did not affect (B)
WST cell proliferation, (C) LDH release or (D) MTT cell viability after 24 hrs. Values are
means ± SEM of four independent experiments.
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Figure 3.
(A) IL-1b (10-1000 pg/ml) induced phosphorylation in ERK1/2 without affecting total
ERK1/2 levels after 1 hr in astrocytes. (B) The MEK inhibitor U0126 (0.1-10 μM)
effectively reduced IL-1b -induced ERK phosphorylation after 1 hr in a dose-dependent
manner. (C) The IL-1b (100 pg/ml) stimulated elevation of HMGB1 after 24 hrs in
astrocytes was attenuated after inhibition of ERK signaling with U0126 (1, 10 μM). Values
are means ± SEM of four independent experiments. **P<0.01 compared with no-treated
control, ##P<0.01 compared with IL-1b (100 pg/ml)-treated group.
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Figure 4.
IL-1b (100 pg/ml) significantly enhanced the expression of CRM1 in astrocytes after 24 hrs,
and the elevation of CRM1 in astrocytes was attenuated by U0126 (10 μM). Values are
means ± SEM of six independent experiments. *P<0.05 compared with no-treated
control, #P<0.05 compared with IL-1b (100 pg/ml)-treated group.
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Figure 5.
IL-1b (100 pg/ml) increased the immunostaining of CRM1 in astrocytes after 24 hrs.
HMGB1 staining also showed evidence of translocation from nucleus into cytoplasm. Both
CRM1 upregulation and HMGB1 translocation was inhibited by U0126 (10 μM). Cells were
stained for the anti-CRM1 antibody (green), anti-HMGB1 antibody (red), and a nuclear stain
DAPI (blue). Scale bar indicates 20 μm.
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Figure 6.
(A) Western blots showed that overall expression levels of HMGB1 were increased at 24 hrs
after IL-1b stimulation. Cytosolic fractions showed evidence of HMGB1 translocation. (B)
Densitometry quantitation of western blots demonstrated that cytosolic levels of HMGB1
were significantly increases by IL-1b. This response was significantly blocked by either
inhibition of ERK signaling with U0126 (10 μM) or leptomycin B (LMB, 20 nM) which
blocks the binding of CRM1 to proteins containing the nuclear export signal. Values are
means ± SEM of four independent experiments. *P<0.05 compared with non-treated
controls, #P<0.05, ##P<0.01 compared with IL-1b (100 pg/ml)-treated group.
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Figure 7.
IL-1b -stimulated HMGB1 release from astrocytes was attenuated by U0126 (10 μM) and
LMB (20 nM). Values are means ± SEM of four independent experiments. *P<0.05,
**P<0.01 compared with non-treated control, ##P<0.01 compared with IL-1b (100 pg/ml)-
treated group.
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