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RAGE signaling pathways in BV-2 microglial cells
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Abstract. SIO0A8/A9, a heterodimer of the two calcium-
binding proteins S1I00A8 and S100A9, has emerged as an
important proinflammatory mediator in acute and chronic
inflammation. However, whether SI00A8/A9 is implicated
in microglial-induced neuroinflammatory response remains
unclear. Here, we found that SI00A8/A9 significantly increased
the secretion of proinflammatory cytokines including tumor
necrosis factor-a (TNF-a) and interleukin-6 (IL-6) in cultured
BV-2 microglial cells. Inhibition of the Toll-like receptor 4
(TLR4) and the receptor for advanced glycation end-products
(RAGE) with C225 and a RAGE-blocking antibody, respec-
tively significantly reduced the secretion of TNF-a and
IL-6 from S100A8/A9-stimulated BV-2 microglial cells.
Furthermore, SI00A8/A9 markedly enhanced the nuclear
translocation of NF-kB p65 and the DNA-binding activities of
NF-kB in BV-2 microglial cells, and suppression of ERK and
JNK/MAPK signaling pathways by PD98059 or SP600125
significantly inhibited NF-kB activity and the release of TNF-a
and IL-6 in the SI00A8/A9-treated BV-2 microglial cells. Our
data also showed that inhibition of NF-xB with pyrrolidine
dithiocarbamate (PDTC) significantly reduced the secretion
of TNF-a and IL-6 from BV-2 microglial cells treated with
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S100A8/A9. Taken together, our data suggest that SIO0A8/A9
acts directly on BV-2 microglial cells via binding to TLR4 and
RAGE on the membrane and then stimulates the secretion of
proinflammatory cytokines through ERK and JNK-mediated
NF-«B activity in BV-2 microglial cells. Targeting SIO0A8/A9
may provide a novel therapeutic strategy in microglial-induced
neuroinflammatory diseases.

Introduction

S100A8 and S100A9 (also termed MRPS and MRP14), which
are called damage-associated molecular pattern (DAMP)
molecules, play critical roles in the inflammatory process. The
preferential forms of the SIO0A8/A9 heterodimers are associ-
ated with the pathogenesis of various diseases, and coupled
with an inflammatory component, which is primarily released
from activated or necrotic neutrophils and monocytes/macro-
phages (1,2). In the central nervous system (CNS), SIO0A8/A9
is implicated in the pathology of numerous inflammatory
diseases including Alzheimer's disease, traumatic brain injury
and stroke (3-5).

Previous studies have indentified both the Toll-like
receptor 4 (TLR4) and receptor for advanced glycation end
products (RAGE) as activated receptors of SIO0A8/A9 (6-8).
Previous studies have shown that activated microglia express
high levels of TLR4 and RAGE in response to neuroinflamma-
tion (9-12). Microglial activation plays a pivotal role during the
development and progression of neurodegenerative diseases
based on its great capacity for secreting proinflammatory
cytokines, such as tumor necrosis factor-a (TNF-o) and
interleukin-6 (IL-6), resulting in acute inflammation (13). As
an endogenous ligand of TLR4 and RAGE (14), SI00A8/A9
also amplifies the production of proinflammatory cytokines
and contributes to CNS injury (2,15). However, whether
S100A8/A9 could activate BV-2 microglial cells by binding
to TLR4 and/or RAGE on the membrane and subsequently
mediate the inflammatory response through inflammatory
cytokines or chemokines remains unclear (12,17-20).

It is well known that NF-kB as a pleiotropic regulator is
involved in the production of many proinflammatory cyto-
kines and enzymes (21). NF-«B is also a central regulator of
microglial responses to stimuli (21). In general, activation of
NF-«B in microglia leads to neuronal injury and promotes the
development of neurodegenerative disorders such as stroke,
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severe epileptic seizures, and also chronic neurodegenerative
conditions, including Alzheimer's disease, Parkinson's disease
and Huntington's disease (22). Increasing evidence has shown
that the activated NF-kB-modulated proinflammatory effects
of microglia are regulated by mitogen-activated protein kinase
(MAPK) signaling pathways, including the c-Jun N-terminal
protein kinase (JNK), the p38 mitogen-activated protein
kinase (MAPK) and the extracellular signal related kinase
(ERK) (22-25).

The purpose of this in vitro study was to investigate
whether SI00A8/A9 could activate BV-2 microglial cells by
binding to TLR4 and/or RAGE on the membrane and then
subsequently amplify the secretion of proinflammatory cyto-
kines through the MAPK/NF-«kB signaling pathways in BV-2
microglial cells.

Materials and methods

Cell culture. The immortalized murine microglial cell line
BV-2 was purchased from Cell Resource Centre of Peking
Union Medical College (Beijing, China) and maintained in
Dulbecco's modified Eagle's medium with F12 (DMEM/F12)
and supplemented with 10% fetal bovine serum (FBS) (both
from Gibco, Grand Island, NY, USA), 100 U/ml penicillin and
100 pug/ml streptomycin at 37°C in a humidified atmosphere
of 95% air 5% CO,. Confluent cultures were passaged by
trypsinization. BV-2 cells were seeded onto 24-well culture
plates (10° cells/well for ELISA, 10* cells/well for immuno-
fluorescence), 6-well plates (2.5x10° cells/well for PCR) or
100 mm culture dishes (1.2x10° cells/dish for western blotting
and EMSA). BV-2 cells were incubated in the initial experi-
ments with different concentrations (0.01, 0.1 or 1.0 uM) of
S100A8/A9 (USCN, Wuhan, China). A concentration of
0.1 M S100A8/A9 was used in the subsequent experiments or
vehicle (0.035% ethanol).

RNA isolation and real-time PCR. Total RNA was extracted
from BV-2 microglial cells with TRIzol reagent (Invitrogen,
Carlsbad, CA, USA) according to the manufacturers' protocol.
Total RNA (1.0 ug) was subjected to oligo(dT)-primed RT
with ReverTra Ace kit (Toyobo, Osaka, Japan). Real-time PCR
was performed for quantitative analysis of IL-6 and TNF-a
mRNA expression using SYBR-Green Real-Time PCR Master
Mix (Toyobo, Osaka, Japan) on an MX3000P real-time PCR
system (Stratagene, La Jolla, CA, USA). The following primers
were used: 5'-CATCTTCTCAAAATTCGAGTGACAA-3'
and 5'-TGGGAGTAGACAAGGTACAACCC-3', which
amplify the 175-bp product for TNF-a; and 5-TGTCCACCTT
CCAGCAGATGT-3' and 5'-AGCTCAGTAACAGTCCGCCT
AGA-3', which amplify the 101-bp product for f-actin; and
5'-ACAACCACGGCCTTCCCTACTT-3' and 5'-CACGATTT
CCCAGAGAACATGTG-3', which amplify the 129-bp product
for IL-6. Relative gene expression was calculated using the
2-45CT method.

ELISA for IL-6 and TNF-o. BV-2 microglial cells were
stimulated for 12 h with 166 pg/ml RAGE-blocking antibody
(Abcam, Cambridge, UK), 1.0 #g/ml C225 (inhibitor of TLR4),
20 uM PD98059 [inhibitor of extracellular signaling kinase
(ERK)], 7 uM SB203580 (inhibitor of p38 MAP kinase),

10 uM SP600125 (inhibitor of JNK) or 50 M PDTC (inhibitor
of p65 NF-«B) (all from R&D Systems, ON, Canada) for 1 h
before addition of 0.1 yM recombinant SI00A8/A9 proteins
or 1 ug/ml LPS (Escherichia coli O26:B6; Sigma-Aldrich,
St. Louis, MO, USA) in the presence of 25 ug/ml polymyxin B
(R&D Systems), and the culture supernatants were harvested.
Levels of IL-6 and TNF-a in 100 ¢l medium were measured
by commercial ELISA kits (Boster Biological Technology,
Wuhan, China) according to the manufacturer's instructions.

Biochemistry. BV-2 microglial cells were cultured on sterile
glass coverslips and treated according to the experimental
design. Afterward, the cells were fixed with 4% paraformal-
dehyde in phosphate-buffered saline (PBS) and permeabilized
with 0.1% Triton X-100 in PBS. After rinsing, the cells were
blocked with 3% bovine serum albumin (BSA) for 1 h and
incubated with primary antibodies overnight at 4°C. The
primary antibody used was rabbit anti-NF-kxB (1:1,000;
ab31481; Abcam). After washing, the cells were incubated
with FITC-conjugated goat anti-rabbit IgG (1:400; Jackson
ImmunoResearch Laboratories, West Grove, PA, USA) for
1 h and counterstained with 4,6-diamidino-2-phenylindole
(DAPI; Roche, Shanghai, China) for the identification of the
nuclei. After washing with PBS, the coverslips were mounted
with anti-fade mounting medium (Beyotime, Shanghai, China)
on slides, and the cells were observed with an Olympus immu-
nofluorescence microscope (Olympus, Tokyo, Japan).

Protein extraction. For making whole cell lysates, the cells
were lysed in radioimmune precipitation assay (RIPA) buffer
supplemented with protease inhibitor cocktail (Roche).
Nuclear and cytoplasmic fractionations were performed with
NE-PER nuclear and cytoplasmic extraction reagents (Thermo
Scientific, Rockford, IL, USA) according to the manufacturer's
instructions.

Western blot analysis. Equal amounts of nuclear or whole cell
extracts were electrophoresed on sodium dodecyl sulfate-poly-
acrylamide gels, and then transferred onto a polyvinylidene
difluoride membrane (Millipore, Schwalbach, Germany). The
transformed membrane was blocked with 5% non-fat dry milk
in Tris-buffered saline containing 0.05% Tween-20 (TBST)
for 1 h and incubated with primary antibodies overnight at
4°C. The primary antibodies used were as follows: rabbit anti-
NF-xB (1:1,000; ab31481; Abcam), B-actin (1:1,000; sc-1616;
Santa Cruz Biotechnology, Inc., Heidelberg, Germany) and
lamin B (1:1,000; 12987-1-AP; Proteintech Group, Chicago,
IL, USA). The membrane was washed 3 times with TBST for
10 min and incubated with anti-rabbit IgG-horseradish peroxi-
dase (1:5,000; Jackson ImmunoResearch Laboratories) at
room temperature for 1 h. The Supersignal West Pico chemi-
luminescent substrate system (Millipore) was used to detect
immunoreactive bands. The intensity of the protein bands
after western blot analysis was quantifed using Quantity One
software version 4.6.3 (Bio-Rad Laboratories, Inc., Hercules,
CA, USA) and normalized against proper loading controls.

Electrophoretic mobility shift assay (EMSA). Nuclear
protein was harvested, and 10 ug of nuclear protein was
assayed for NF-xB binding activity using radioactive-labeled



Bzl SPANDIDOS
7] ,§, PUBLICATIONS

oligonucleotides for the defined NF-kB consensus sequence
(5'-AGT TGA GGG GAC TTT CCCAGG C-3') at 50,000 cpm
(Cerenkov). Binding separation of the protein DNA complexes
from unbound DNA by electrophoresis was performed as
previously described in detail (26). Nuclear protein after 1 h
of SI00A8/A9 treatment and a 200-fold molar excess of unla-
beled consensus sequence were used as the specific competitor
in the control lane.

Statistical analysis. Data are expressed as means + SEM of
the indicated number of independent experiments. Statistical
significance between multiple groups was analyzed by one-way
ANOVA. Least significant difference (LSD) post hoc test was
used for multiple comparisons. Statistical analysis was performed
using the SPSS software version 13.0 (SPSS, Inc., Chicago, IL,
USA). P<0.05 was considered statistically significant.

Results

Proinflammatory cytokine production by BV-2 microglial
cells after SI00A8/A9 stimulation. In this study, the response
of BV-2 microglial cells in culture to SIO0A8/A9 was evalu-
ated by determining the expression of inflammatory cytokine
proteins. As a positive control, LPS at 1 pg/ml significantly
increased the production of TNF-a and IL-6 compared with
the control group. SI00A8/A9 at 0.01, 0.1 or 1.0 uM also
significantly increased the production of TNF-a and IL-6
(Fig. 1A and B). There was no difference in the levels of
TNF-a and IL-6 between the 1 pg/ml LPS-treated group and
the 0.1 uM S100A8/A9-treated group (Fig. 1A and B). Thus,
the dose of 0.1 M S100A8/A9 was chosen for further study.

Polymyxin B effectively blocked the TNF-a production
induced by 1 ug/ml LPS. However, polymyxin B had no effect
on the expression of TNF-a induced by SI00A8/A9 in the
cultured BV-2 microglial cells, suggesting that the effect of
S100A8/A9 on the secretion of proinflammatory cytokines
was not blocked by the addition of the LPS inhibitor poly-
myxin B (Fig. 1C).

Effects of RAGE and TLR4 blockade on SI00A8/A9 stimula-
tion. To examine whether SI00A8/A9 uses RAGE and TLR4
as signal transducing receptors on BV-2 microglial cells, BV-2
cells were stimulated for 12 h using 0.1 uM S100A8/A9 with
or without the RAGE-blocking antibody and TLR4 inhibitor
C225. We found that the SI00A8/A9-stimulated release of
TNF-a and IL-6 was significantly reduced by blockade of
RAGE or TLR4. Therefore, our data suggested that both
RAGE and TLR-4 may be relevant to SI00A8/A9 stimulation
in BV-2 microglial cells (Fig. 2).

Involvement of MAPK signaling pathways and NF-kB activa-
tion in SIO0AS8/A9-stimulated secretion of TNF-a and IL-6.
EMSA was performed to determine the effect of SI00A8/A9
on the activity of NF-kB in this study. BV-2 microglial cells
were pretreated with vehicle, 0.1 M S100A8/A9 or 1 pg/ml
LPS for 1 h. We found that the binding activities of NF-kB
were induced by SI00A8/A9 treatment, which had an effect
similiar to that of LPS treatment (Fig. 3A).

To determine whether SI00A8/A9-stimulated secretion of
TNF-a and IL-6 involves NF-«B activation, PDTC, a specific
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Figure 1. Proinflammatory cytokine production by BV-2 microglial cells
after SIO0A8/A9 stimulation. Effect of lipopolysaccharide (LPS) (1 yg/ml)
and S100A8/A9 (0.01-1.0 xuM) on the production of (A) tumor necrosis
factor-a (TNF-o) and (B) interleukin-6 (IL-6) in BV-2 microglial cells.
TNF-a and IL-6 levels were determined by ELISA after 12 h of incubation.
(C) Polymyxin B (25 pg/ml) had no inhibitory effect on SI00A8/A9-induced
TNF-a expression in BV-2 cells, whereas the effects of LPS were efficiently
blocked. TNF-a levels were determined after 12 h of stimulation by ELISA.
Each value represents the mean + SEM of three independent experiments.
“P<0.01 and “"P<0.001 compared with the control; “P<0.01 and "*P<0.001
compared with 0.1 nM S100A8/A9.

inhibitor of NF-xB, was applied in our study. PDTC treatment
significantly reduced the secretion of TNF-o and IL-6 induced
by S100A8/A9 (Fig. 3B and C).

Our data also showed that the expression of IL-6 (Fig. 4A)
and TNF-a (Fig. 4B and C) induced by S100A8/A9 were
significantly reduced by the addition of PD98059 and
SP600125, respectively.

MAPK signaling pathway acts upstream of NF-xB in
S100A8/A9 stimulation. To explore whether SI00A8/A9-in-
duced secretion of proinflammatory cytokines including
TNF-a and IL-6 was through MAPK-mediated activation
of NF-«B in BV-2 microglial cells, a specific ERK inhibitor
PD98059, p38 MAP kinase inhibitor SB203580 and JNK
inhibitor SP600125 were used. SI00A8/A9 treatment caused
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Figure 2. Effects of receptor for advanced glycation endproducts (RAGE) and Toll-like receptor 4 (TLR4) blockade on SI00A8/A9 stimulation. (A) Tumor
necrosis factor-o (TNF-a) and (B) interleukin-6 (IL-6), as determined by ELISA, in BV-2 cells after preincubation for 1 h with 1 gg/ml1 TLR4 inhibitor (C225)
or 166 ug/ml RAGE-blocking antibody followed by 12 h of stimulation with lipopolysaccharide (LPS) or SI00A8/A9 as indicated. Each value represents the
mean = SEM of three independent experiments. ““P<0.001 compared with the control; #P<0.01 and *#P<0.001 compared with SI00A8/A9.
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Figure 3. Involvement of nuclear factor-kB (NF-kB) activation in SI00A8/A9-stimulated secretion of tumor necrosis factor-o (TNF-a) and interleukin-6 (IL-6).
(A) BV-2 cells were stimulated with lipopolysaccharide (LPS) (1 yg/ml) or SIO0A8/A9 (0.1 uM) for 1 h. Nuclear extracts were prepared and used to analyze
NF-kB DNA-binding activity by EMSA, as described in Materials and methods. Binding specificity was confirmed by unlabelled probe (100-fold in excess;
lane 5) to compete with labelled oligonucleotide. Free-labelled probes are also indicated. (B and C) p65 NF-«xB inhibitor PDTC (50 #M) was added 1 h before
activation. Results were confirmed by three independent experiments. ““P<0.01 compared with the control; ““P<0.001 compared with SI00A8/A9.

obvious translocation of NF-kB p65 from the cytoplasm
into the nucleus compared with the vehicle treatment, which
had an effect similar to that of LPS treatment (Fig. 5A);
whereas the presence of PD98059 and SP600125 reduced
S100A8/A9-induced translocation of NF-kB p65 from the

cytoplasm into the nucleus (Fig. 5B). To further verify the p65
nuclear translocation data, we analyzed the cells by western
blotting and found that pretreatment of cells with PD98059
and SP600125 prevented p65 nuclear localization induced by
S100A8/A9 (Fig. 5C and D).
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Figure 4. Involvement of mitogen-activated protein kinase (MAPK) signaling pathways in SI00A8/A9-stimulated secretion of tumor necrosis factor-a (TNF-a)
and interleukin-6 (IL-6). TNF-a levels determined by (B) ELISA and (C) PCR, and (A) IL-6 levels as determined by PCR in BV-2 cells after 12 h of stimula-
tion with lipopolysaccharide (LPS) (1 ug/ml) or SI00A8/A9 (0.1 #uM) in the absence or presence of protein kinase inhibitors: extracellular signal-regulated
kinase (ERK) inhibitor PD98059 (20 uM), p38 inhibitor SB203580 (7 M), c-Jun N-terminal kinase (JNK) inhibitor SP600125 (10 xuM). Each value represents
the mean + SEM of three independent experiments. #P<0.01 and ##P<0.001 compared with SI00A8/A9.

Discussion

This study has the following major findings. i) The proinflam-
matory effects of SIO0A8/A9 are partially dependent on the
TLR4 and RAGE signaling pathway in microglial BV-2 cells;
and ii) SIO0A8/A9 promotes inflammatory cytokine produc-
tion via ERK and JNK-mediated NF-kB activity in microglia.

Activated macrophages and microglia release an array
of proinflammatory cytokines, including TNF-a and IL-6,
which play important roles in neuroinflammation (27,28).
Previous studies have demonstrated that TNF-a and IL-6
play important roles in SI00A8/A9-induced inflammation in
neutrophils, monocytes, macrophages, human umbilical vein
endothelial cells (HUVECs) and keratinocytes (29-33). We
demonstrated that SIO0A8/A9 acted on microglial BV-2 cells
and subsequently amplified the secretion of TNF-a and IL-6,
as demonstrated by our findings that SI00A8/A9 treatment
significantly increased the gene and protein expression of
TNF-a and IL-6 in the BV-2 microglial cells.

TLR4, which is mainly expressed in microglia, mediates
microglial activation and the expression of proinflammatory
mediators in response to a variety of ligands (34). TLR4
signaling has been confirmed to result in the activation of
NF-«B, and subsequently drives the transcriptional abundance
of proinflammatory signals, which then activates the innate
immune system and produces tissue destruction (35-38).
Recently, SI00A8/A9, as the endogenous activator of TLR4
signaling, promotes lethal endotoxin-induced shock (6). Thus,

our data, which demonstrated that SI00A8/A9 contributed to
inflammation via TLR4, further revealed that neuroinflamma-
tion and ischemic brain injury is modulated by TLR4 (39-41).
However, SI00A8/A9 not only activates TLR-4, but also
RAGE (42). It cannot be excluded that further receptors besides
TLR4 may be involved in SI00A8/A9-mediated inflammation.
Our data showed that the SIO0A8/A9-stimulated secretion of
TNF-a and IL-6 was also significantly reduced by the blockade
of RAGE. Therefore, both RAGE and TLR4 may be relevant
to SI00A8/A9-induced inflammation in BV-2 microglial cells.

Our subsequent results demonstrated that SI00A8/A9
had a strong enhancement effect on inflammatory signaling
pathways including NF-«B and MAPK. Likewise, activation
of NF-kB in microglia contributes to neuronal injury and
plays a crucial role in the development of neurodegenerative
disorders (22). NF-«B is also a central regulator of microg-
lial responses to activating stimuli, including cytokines (21).
Evidence has shown that the MAPK signaling pathway,
such as JNK, p38 MAPK and ERK, play important roles
in the activation of NF-xB in microglial-induced inflam-
mation (23,25,26). However, whether the MAPK signaling
pathway is involved in the activation of NF-kB in activated
microglia stimulated by SI00A8/A9 is unclear. In the present
study, our data showed that SI00A8/A9 treatment markedly
enhanced the nuclear translocation of NF-kxB p65 and the
DNA-binding activities of NF-kB in BV-2 microglial cells.
S100A8/A9-induced activation of NF-kB and secretion of
proinflammatory cytokines TNF-a and IL-6 were attenuated
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Figure 5. Mitogen-activated protein kinase (MAPK) signaling pathway acts upstream of nuclear factor-kB (NF-kB) in SI00A8/A9 stimulation. (A) BV-2 cells
were stimulated with lipopolysaccharide (LPS) (1 yg/ml) or SI00A8/A9 (0.1 #M). Subcellular location of the p65 subunit was assessed using immunofluo-
rescence assay 60 min after activation. (B) BV-2 cells were stimulated with SI00A8/A9 (0.1 uM) in the presence of PD98059 (20 M), SB203580 (7 uM),
SP600125 (10 M) that were added 60 min before activation. Subcellular location of the p65 subunit was assessed using immunofluorescence assay 60 min
after activation. (C and D) Western blot analysis and quantitative data for cytoplasmic and nuclear p65 in BV-2 cells stimulated with SI00A8/A9 (0.1 yuM) in
the presence of PD98059 (20 xM), SB203580 (7 uM) and SP600125 (10 uM). Data are presented as mean + SEM of three independent experiments. "P<0.05
and "P<0.01 compared with SI00A8/A9;. "P<0.05 and ““P<0.001 compared with the control.
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Figure 6. Proinflammatory response of the SIO0A8/A9 contribution to microglial activation. SI00A8/A9 activated microglia via binding the receptor for advanced
glycation endproducts (RAGE) and Toll-like receptor 4 (TLR4) on the membrane and promoted the production of proinflammatory cytokines in microglia
through the activation of c-Jun N-terminal kinase (JNK)/nuclear factor-kB (NF-kB) and extracellular signal-regulated kinase (ERK)/NF-«B signaling pathways.

by the suppression of ERK and JNK signaling pathways by =~ NF-kB reduced S100A8/A9-induced secretion of TNF-a and
PD98059 and SP600125, respectively. The data indicate that  IL-6 from cultured BV-2 microglial cells. Taken together,
the ERK and JNK signaling pathways are essential to the  our results indicate that the ERK/NF-«B and JNK/NF-kB
activation of NF-kB in SI00A8/A9-induced inflammation. In  signaling pathways are involved in SI00A8/A9-induced
addition, our data also showed that inhibition of activation of  inflammation in BV-2 microglial cells.
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Notably, both TLR4 and RAGE inhibitors caused complete
inhibition of SI00A8/A9-mediated proinflammatory cytokine
expression, respectively. Boyd ez al also demonstrated that
activated TLR4 gives rise to an upregulation of SI00A8/A9
expression earlier in cardiomyocytes (19). When S100A8/A9
was overexpressed in prostate cancer cells, NF-kB and MAPK
also remained activated (43). It provides one possibility that
a positive-feedback loop may exist both upstream and down-
stream of SIO0AS8/A9. In regards to SI00A8/A9 or other
ligands, activated RAGE also leads to further enhancement
of S1I00A8/A9 production, and creates a putative positive
feedback loop in acute inflammation (29,44). Therefore,
blocking TLR4 or RAGE may weaken the positive feedback,
and decrease the production of SI00A8/A9 obviously, and
completely suppress the SI00A8/A9-mediated elevation of the
cytokines IL-6 and TNF-a.

More studies also demonstrated that major risk factors for
sepsis, systemic inflammatory response syndrome and septic
shock are related to TNF-a-independent mechanisms (45,46).
However, it was confirmed that a monoclonal antibody to
TNF-a given early in the course of severe sepsis has a harmful
rather than a beneficial consequence in clinical trials of human
sepsis (46). Our present data demonstrated that SIO0A8/A9
represents a molecular system involved in the pathogenesis of
inflammatory response syndrome upstream of TNF-a induc-
tion. In consideration of the high abundance of SI00A8/A9
in inflammatory diseases, a potential strategy for blocking
uncontrolled inflammatory processes may be by targeting
these proteins with immune intervention. This strategy may
be very specific, as both proteins are secreted via a so-called
‘alternative’ pathway (47). The inhibition of this alternative
transport mechanism should not affect the classical secretion
of other proteins through the endoplasmic reticulum and Golgi
complex and may thus avoid major side effects.

In conclusion, we found that S100A8/A9 activated
microglia via binding RAGE and TLR4 on the membrane
and promoted the production of proinflammatory cytokines
in microglia through the activation of the ERK/NF-«xB and
JNK/NF-«B signaling pathways (Fig. 6). Thus, inhibition of
S100A8/A9 release may be another promising therapeutic
approach, and SI00A8/A9 may represent a useful biomarker
and therapeutic target in microglial-mediated neuroinflam-
matory diseases.
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