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acute lung inflammation (Abraham et al.,, 2000) and atherosclerosis
(Porto et al., 2006).

It is reported that HMGB1 binds to the RAGE, TLR-2 and TLR-4,
a receptor for lipopolysaccharide (LPS) (Hori et al, 1995; Park
et al., 2004; van Beijnum et al., 2008). The interaction of HMGB1
and its receptors plays a number of roles in mediating part of the
pro-inflammatory response, including pro-inflammatory cytokine
production. HMGB1-enhanced activation of macrophages med-
iates the production of TNF-¢, interleukin (IL)-1¢, [L-1B, IL-6 and
macrophage inflammatory proteins MIP-1¢ and MIP-1§ (Kalinina
et al., 2004). However, little is known about the cellular interplay
mechanism of HMGB1-induced cytokine production and T-cell
activation.

In the present study, we demonstrated, for the first time, the
involvement of HMGB1-induced adhesion molecule expression on
monocytes and on pro-inflammatory cytokine production and
lymphocyte proliferation in human PBMCs. The involvement of
RAGE, TLR-2 and TLR-4 in the effects of HMGB1 also was
determined, using RAGE, TLR-2 and TLR-4 knockout mice, and
we found the predominant involvement of RAGE.

2. Materials and methods
2.1. Reagents and drugs

Recombinant human (rh) HMGB1 was produced as described
previously (Wake et al,, 2009). In brief, complementary DNA
(cDNA) encoding full-length HMGB1 was amplified by the PCR
from human microvascular endothelial cell cDNA. The PCR pro-
duct was subcloned into a pGEX-6p-1 vector (GE Healthcare,
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Little Chalfont, England) to generate a glutathione S-transferase
(GST) fusion protein. Sf9 insect cells (Invitrogen Life Technologies,
NY) were transformed with the recombinant plasmid and incu-
bated overnight at 37 °C in Overnight Express Instant TB Medium
(Merck, San Diego, CA) to express recombinant GST-HMGBI1. A Sf9
cell extract containing GST-HMGB1 fusion proteins was incubated
with glutathione-Sepharose 4B for 1 h at room temperature. After
washing, the gel bed was incubated with PreScission protease for
3 h at 4 °C. After a brief centrifugation, the supernatant containing
HMGB1 with the GST tag removed was collected and purified by
gel filtration chromatography using TSK-gel 3000SWXL (Tosoh,
Tokyo, Japan). Purified thHMGB1 protein was identified by
western blotting (Wake et al., 2009) with anti-HMGB1 mono-
clonal Ab (mAb). The LPS content of the purified rhHMGB1 was
< 2.0 pg/pg protein.

Anti-human RAGE rabbit IgG was obtained by immunization of
rabbits with a recombinant human soluble form of RAGE (sRAGE),
which was prepared as described previously (Liu et al., 2009).
The purified Ab was digested with immobilized pepsin beads
using a kit from Pierce Chemical Co (Rockford, IL) to produce Fab
fragments.

2.2. Isolation of PBMCs and monocytes

Normal human PBMCs were obtained from ten healthy volun-
teers after acquiring Institutional Review Board approval (Okayama
Univ. IRB No.106). Each 20-50 ml peripheral blood sample was
withdrawn from a forearm vein, after which PBMCs were prepared
and monocytes were separated from the PBMCs by counterflow
centrifugal elutriation as previously described (Takahashi et al.,
2002, 2003).
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Fig. 1. Effect of HMGB1 on ICAM-1, B7.1, B7.2 and CD40 expression on monocytes, and IFN-y and TNF- production and lymphocyte proliferation in PBMCs. (A) PBMCs at
4 % 10° cells/ml were incubated with or without 10 pg/ml HMGB1 for the indicated times, and adhesion molecule expression on monocytes, and cytokine production and
lymphocyte proliferation in PBMCs in the absence (open circles; ©) or presence (filled circles; ®) of HMGB1 were determined by flow cytometry, ELISA and [*H]-
thymidine uptake, respectively. FITC-conjugated IgG1 was used as an isotype-matched control Ab. Each data point is expressed as the mean+ S.E.M. of triplicate
determinations of samples from five donors. **P < 0.01 compared with the value at 0 h. Error bars within symbols are hidden. (B) PBMCs were incubated with or without
10 pg/ml HMGB1 for 24 h and [CAM-1 expression on monocytes was determined by flow cytometry. The typical data was shown.
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2.3. RAGE, TLR-2 and TLR-4 knockout (-/-) mice

Animal experiments were approved by the Animal Care
Committee at Okayama University. RAGE knockout (-/-) mice
were produced as described previously (Yamamoto et al., 2011).
In brief, RAGE-/- mice backcrossed to C57BL/6] mice (Charles
River Japan) for eight generations were used. TLR-2 deficient
(TLR-2-/-) and TLR-4-/- knockout mice were obtained from
Oriental BioService Inc. (Tokyo, Japan). These mice were used
for preparation of spleen cells. Samples of 4 x 108 spleen cells/ml
were incubated with 10 pg/ml HMGB1 for 24 h at 37 °C in DMEM
supplemented with 10% fetal bovine serum, 100 IU/ml penicillin,
and 100 pg/ml streptomycin (Sigma Chemical Co., St. Louis, MO),
and 5 x 10°/ml cultured cells were then prepared for flow cyto-
metric analysis (Takahashi et al., 2002, 20603).

2.4. Flow cytometric analysis of adhesion molecule expression

For flow cytometric analysis, fluorescein isothiocyanate (FITC)-
conjugated mouse IgGl mAb against human [CAM-1/CD54 and
R-Phycoerythrin (PE)-conjugated anti-human CD14 mAb were pur-
chased from DAKO (Glostrup, Denmark). FITC-conjugated mouse IgG1
mAD against human B7.2 and CD40 were purchased from Pharmin-
gen (SanDiego, CA), and FITC-conjugated IgG1 class-matched control
was purchased from Sigma Chemical. FITC-conjugated mouse anti-
mouse ICAM-1 mAb was purchased from DAKO. Changes in the
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expression of human leukocyte antigens ICAM-1, B7.1, B7.2 and CD40
on monocytes were examined by multi-color flow cytometry using a
mixture of anti-CD14 Ab with anti-ICAM-1, anti-B7.1, anti-B7.2 or
anti-CD40 Ab. Samples of 4 x 10%/ml PBMCs were incubated with
0.1-100 pg/ml HMGB1 or 0.01-10 pg/ml anti-RAGE Ab Fab for 24 or
48 h at 37 °C in RPMI 1640 (Nissui Co. Ltd., Tokyo, Japan) supple-
mented with 10% heat-inactivated fetal calf serum (FCS), 20 pg/ml
kanamycin, 100 pg/ml streptomycin and penicillin, and 5 % 10°/ml
cultured cells were then prepared for flow cytometric analysis as
previously described (Takahashi et al., 2002, 2003) and analyzed with
a FACSCalibur (BD Biosciences, San Jose, CA). The data were processed
using the CELL QUEST program.

2.5. Flow cytometric analysis and immunofluorescence staining
of RAGE, TLR-2 and TLR-4 expression

Mouse anti-human RAGE mAb (MAB11451) was purchased from
R&D Systems (Minneapolis, MN), and FITC-conjugated mouse anti-
human TLR-2 (TL2.3) and anti-human TLR-4 (HTA125) Abs were
purchased from Abcam (Cambridge, MA). Changes in the expression
of RAGE, TLR-2 and TLR-4 on monocytes were examined by multi-
color flow cytometry using a mixture of anti-CD14 Ab with anti-
RAGE, anti-TLR-2 or anti-TLR-4 Ab. Samples of 4 x 10°/ml PBMCs
were incubated with 0.1-100 pg/ml HMGB1 or 0.01-10 pg/ml
adhesion molecule Abs for 24 h at 37 °C in RPMI 1640 supplemented
with 10% heat-inactivated FCS, 20 pig/ml kanamycin, 100 pg/ml
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Fig. 2. Daose-response of the HMGB1 effect on ICAM-1, B7.1, B7.2 and CD40 expression, [FN-y and TNF-o. production and lymphocyte proliferation in PBMCs. PBMCs at
4 % 108 cells/ml were incubated with 0.1-100 pg/ml HMGB1 for 24 h. The effect of HMGB1 on adhesion molecule expression on monocytes, and cytokine production and
lymphocyte proliferation in PBMCs was determined. Control (Con) means 0 pg/ml HMGB1. Each data point is expressed as the mean + S.E.M. of triplicate determinations of
samples from five donors. *P < 0.05, **P < 0.01 compared with the value for medium alone. Error bars within symbols are hidden.
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streptomycin and penicillin, and 5 x 10°/ml cultured cells were then
prepared for flow cytometric analysis. The cells were reacted with
anti-RAGE Ab followed by FITC-conjugated goat anti-mouse IgG
before staining with PE-conjugated anti-human CD14 Ab (DAKO), or
the cells were reacted with FITC-conjugated anti-TLR-2 and anti-
TLR-4 Abs. After Ab treatment, the cells were analyzed with a
FACSCalibur (BD Biosciences, San Jose, CA) and the data were
processed using the CELL QUEST program.

The expression of RAGE on human monocytes was examined by
multi-color immunocytochemical staining. Samples of 4 x 105/ml
PBMCs were incubated with 10 pg/ml HMGB1 for 24 h at 37 °C in
RPMI 1640 supplemented with 10% heat-inactivated FCS, 20 pg/ml
kanamycin, 100 pg/ml streptomycin and penicillin, and 5 x 10°/ml

cultured cells were then prepared for immunocytochemical staining
as previously described (Takahashi et al, 2009). The cells were
reacted with anti-human CD14 mouse IgG (DAKO) followed by
Alexin555-conjugated anti-mouse IgG rabbit [gG (Chemicon Inter-
national; Temecula, CA) or with anti-human RAGE rabbit Ab
followed by Alexin488-conjugated anti-rabbit IgG goat IgG (Chemi-
con International). Stained cells were mounted and viewed by
fluorescence confocal microscopy (Keyence, Osaka, Japan).

2.6. Enzyme-linked immunosorbent assay

Samples of 4 x 10%/ml PBMCs were used for analyzing [FN-y
and TNF-o production. After incubation at 24 h at 37 °C in a 5%
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Fig. 3. Involvement of adhesion molecules in the effect of HMGB1 on cytokine production and lymphocyte proliferation in PBMCs. PBMCs at 4 x 106 cells/ml were
incubated with anti-ICAM-1, anti-B7.1, anti-B7.2 or anti-CD40 Ab at 0.01-10 pg/ml in the absence (open circles; O) or presence (filled circles; ®) of 10 pg/ml HMGB1 for
241, and IFN-y and TNF-2 production and lymphocyte proliferation were determined by ELISA and [*H]-thymidine uptake, respectively. The effect of incubation in a
mixture of 10 pg/ml anti-ICAM-1, anti-B7.1, anti-B7.2 and anti-CD40 Abs on HMGB1 activity was determined (filled squares; M in the left panels of Fig.3). Control (Con)
means 0 pg/ml Abs. Each data point is expressed as the mean + S.E.M. of triplicate determinations of samples from five donors. *P < 0.05, **P < 0.01 compared with the

value for HMGB1 alone. Error bars within symbols are hidden.
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CO2/air mixture, cell-free supernatants were assayed for IFN-y
and TNF-o proteins by enzyme-linked immunosorbent assay
(ELISA) using the multiple Abs sandwich principle (R&D Systems,
Minneapolis, MN). The ELISA detection limit for both IFN-y and
TNF-o. was 10 pg/ml.

2.7. Western blot analysis

The effect of HMGB1 on expression of RAGE, TLR-2 and TLR-4
was determined by western blot analysis using anti-human RAGE
rabbit IgG, anti-human TLR-2 rabbit IgG (ab24192) (Abcam) and
anti-human TLR-4 rabbit IgG (ab13867) (Abcam). Samples of 4 x 10°
isolated human monocytes/ml were incubated with 10 pg/ml
HMGB1 for 24 h at 37 °C in RPMI 1640 supplemented with 10%
heat-inactivated FCS, 20 pig/ml kanamycin, 100 pg/ml streptomycin
and penicillin. Lysates of the human monocytes were then analyzed
by SDS-polyacrylamide gel electrophoresis. The fractionated pro-
teins were transferred to nitrocellulose membranes and blotted.
Blotting of B-actin was used as a loading control.

2.8. Proliferation assay

Samples of 4 x 105/ml PBMCs were treated with 0.1-100 pg/ml
HMGB1, 0.01-10 pg/ml anti-RAGE Ab Fab or 0.01-10 pg/ml
adhesion molecule Abs and incubated for 24 h at 37 °C in RPMI
1640 supplemented with 10% heat-inactivated FCS, 20 pg/ml
kanamycin, 100 pg/ml streptomycin and penicillin, during which
they were pulsed with [*H]-thymidine (3.3 Ci/well) for the final
16 h. The cells were then dispensed into 96-well microplates,

200 pljwell, resulting in 1 pCi [*H]-thymidine per well, and
harvested with a Micro-Mate 196 Cell Harvester (Perkin Elmer
Life Science Inc., Boston, MA, USA). Thymidine incorporation was
measured with a Matrix 9600 B-counter (Perkin Elmer Life
Science Inc., Yokohama, Japan).

2.9. Statistical analysis

Statistical significance was evaluated using ANOVA followed
by Dunnet’s test. A probability value <0.05 was considered to
indicate statistical significance. Each data point was expressed as
the mean + S.E.M. of triplicate determinations of samples from
five donors.

3. Results

3.1. Effect of HMGB1 on ICAM-1, B7.1, B7.2 and CD40 expression,
IFN-y and TNF-« production and lymphocyte proliferation

The kinetics of adhesion molecule expression on monocytes
incubated in HMGB1 at 10 pg/ml was determined by flow cyto-
metry. [CAM-1, B7.1, B7.2 and CD40 expression began to increase
at 16 h after HMGB1 addition, increased significantly up to 24 h,
and then leveled off (Fig. 1A). Fig. 1(B) showed the typical pattern
of the expression of ICAM-1 on monocytes (CD14) in human
PBMCs stimulated with 10 pg/ml HMGB1 for 24 h. HMGB1 also
induced IFN-y and TNF-o production and lymphocyte proliferation
in PBMCs in a time-dependent manner, starting at 24 h and
continuing through the 48 h incubation period (Fig. 1A). In the
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Fig. 4. Expression of RAGE on monocytes, T-cells and B-cells in PBMCs. (A) RAGE expression on monocytes (CD14), T-cells (CD3) and B-cells (CD19) in PBMCs treated with
10 pg/ml HMGBI1 for 24 h was analyzed by multi-color flow cytometry. (B) RAGE expression on monocytes (CD14) in PBMCs treated with 10 pg/ml HMGB1 was analyzed
by multi-color fluorescence microscopy. Immunocytochemical staining was performed using anti-RAGE Ab. Original magnification X40 for all panels.
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absence of HMGB1, there was a small increase in ICAM-1, B7.1,
B7.2 and CD40 expression starting at 16 h and continuing to 48 h,
but no increase in [FN-y or TNF-o. production or lymphocyte
proliferation during the 48 h incubation period (Fig. 1A).

3.2. Dose-response of the HMGBI1 effect on ICAM-1, B7.1, B7.2 and
CD40 expression, IFN-y and TNF-o. production and lymphocyte
proliferation

The effect of 0.1-100 pg/ml HMGB1 on ICAM-1, B7.1, B7.2 and
CD40 expression on monocytes and on IFN-y and TNF-o produc-
tion and lymphocyte proliferation in PBMCs was determined after
a 24 h incubation (Fig. 2). HMGB1 induced adhesion molecule
expression, IFN-y and TNF-a production and lymphocyte prolif-
eration in a concentration-dependent manner. Adhesion molecule
expression, cytokine production and lymphocyte proliferation
increased at 1 pg HMGB1/ml and continued to increase up to 10
and 100 pg HMGB1/ml. The amount of IFN-y and TNF-o produc-
tion induced by 10 pig/ml HMGB1 was 395 4+ 42 and 397 + 46 pg/ml,
respectively. Assuming that the effects of HMGB1 were maximal
at 10 pg/ml, the ECso of HMGB1 for induction of ICAM-1 expres-
sion and TNF-z production were 2 and 4 pg/ml, respectively.
These ECs5q values were almost the same as those for HMGB1
activity in the presence of polymyxin B (data not shown), as
previously reported (Andersson et al., 2000),

3.3. Involvement of adhesion molecules in HMGB1 induction
of cytokine production and lymphocyte proliferation

The involvement of ICAM-1, B7.1, B7.2 and CD40 in HMGB1-
induced IFN-y and TNF-o production and lymphocyte proliferation
in human PBMCs was examined using the respective and specific
Abs. Anti-ICAM-1, anti-B7.1, anti-B7.2 and anti-CD40 Abs inhibited
HMGB1-induced IFN-y and TNF-o. production and lymphocyte
proliferation in PBMCs in a concentration-dependent manner
(Fig. 3). A mixture of anti-ICAM-1, anti-B7.1, anti-B7.2 and anti-
CD40 Abs completely inhibited HMGB1 activity (filled square in left
panels of Fig. 3).

3.4. Effect of HMGB1 on RAGE, TLR-2 and TLR-4 expression

Flow cytometry showed that 10 pg/ml HMGB1 induced RAGE
expression on monocytes (CD14), but not on T-cells (CD3) or
B-cells (CD19) (Fig. 4A). HMGB1-~induced up-regulation of RAGE
expression on the cell surface was also shown by immunocyto-
chemical staining (Fig. 4B).

To confirm the binding specificity of anti-RAGE Ab to RAGE, we
used a combination of anti-RAGE Ab and soluble form of RAGE
(sRAGE) for flow cytometry and immunocytochemical staining in
the presence and absence of HMGB1. The expression of RAGE was
not detected in the presence of SRAGE (data not shown), indicating
that anti-RAGE Ab recognized the extracellular domain of RAGE.

RAGE, TLR-2 and TLR-4 expression on monocytes isolated from
human PBMCs was determined by flow cytometry (Fig. 5A).
Expression of RAGE, but not TLR-2 and TLR-4, was increased
significantly by 24 h incubation with 10 pg/ml HMGB1, while
10 ng/ml LPS significantly up-regulated expression of RAGE and
TLR-4, but not of TLR-2. Moreover, western blot analysis showed
that expression of RAGE, but not TLR-2 and TLR-4, was increased
significantly by 24 h incubation with 10 pg/ml HMGB1 (Fig. 5B).

In addition, no effect of HMGB1 on RAGE, TLR-2 or TLR-4
expression was shown by quantitative PCR (data not shown).
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Fig. 5. Effect of HMGB1 on RAGE expression on isolated monocytes. (A) The
expression of RAGE, TLR-2 and TLR-4 on monocytes isolated from PBMCs
stimulated with 10 pg/ml HMGB1 or 10 ng/ml LPS for 24 h was analyzed by flow
cytometry. Each data point is expressed as the mean +S.EM. of triplicate
determinations of samples from five donors. Error bars within symbols are hidden.
(B) The expression of RAGE, TLR-2 and TLR-4 on monocytes isolated from PBMCs
stimulated with 10 pg/ml HMGB1 for 24 h was analyzed by western blotting.

3.5. Involvement of adhesion molecules in the effect of HMGB1
on RAGE expression

The effect of incubation with 0.1-100 pg/ml HMGB1 on RAGE,
TLR-2 and TLR-4 expression on monocytes in human PBMCs was
determined after a 24 h incubation. HMGB1 increased RAGE
expression in a concentration-dependent manner (Fig. 6A), but
had no effect on TLR-2 or TLR-4 expression (data not shown).
The level of RAGE expression on monocytes in PBMCs treated
with 10 pig/ml HMGB1 was double the level in isolated monocytes,
as shown in Fig. 5(A).

Anti-ICAM-1, anti-B7.1, anti-B7.2 and anti-CD40 Abs inhibited
HMGBT1 induction of RAGE expression on monocytes in PBMCs in
a concentration-dependent manner (Fig. 6B). A mixture of anti-
ICAM-1, anti-B7.1, anti-B7.2 and anti-CD40 Abs completely inhib-
ited HMGB1 activity (filled squares in left panel of Fig. 6B).

3.6. Involvement of RAGE in HMGB1 activity

RAGE has one V domain, two C domains, a transmembrane
domain, and a cytoplasmic tail. The V domain consists of two
N-glycosylation sites and is responsible for extracellular ligand
binding. It is reported that anti-RAGE Ab Fab fragments inhibit
RAGE-HMGB1 interaction (Hori et al, 1995). To investigate the
involvement of RAGE on HMGB1 activity, adhesion molecule
expression on monocytes, and cytokine production and lympho-
cyte proliferation in PBMCs were determined 24 h after incubation
with 10 pg/ml HMGB1 and increasing concentrations of anti-RAGE
Ab Fab fragments. Flow cytometry showed that the anti-RAGE Ab
Fab fragments inhibited HMGB1-induced expression of ICAM-1,
B7.1, B7.2 and CD40 on human monocytes in a concentration-
dependent manner (Fig. 7). Moreover, the anti-RAGE Ab Fab
fragments inhibited HMGB1-induced IFN-y and TNF-o production
and lymphocyte proliferation in human PBMCs (Fig. 7). However,
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Fig. 6. Involvement of adhesion molecules in RAGE expression. RAGE expression was determined by flow cytometry after 24 h incubation. (A) 4 x 10° PBMCs/ml were
incubated with 0.1-100 pg/ml HMGB1. Control (Con) means 0 pg/ml HMGB1. **P < 0.01 compared with the value for medium alone. (B) 4 x 10° PBMCs/ml were incubated
with anti-ICAM-1, anti-B7.1, anti-B7.2 or anti-CD40 Ab at 0.01-10 pg/ml in the absence (open circles; ©) or presence (filled circles; @) of 10 pg/ml HMGB1. The effect of a
mixture of the Abs at 10 pg/ml was shown in the left panel (filled square; ). Control (Con) means 0 pg/ml Abs. *P < 0.05, **P < 0.01 compared with the value for HMGB1
alone. Each data point is expressed as the mean + S.E.M. of triplicate determinations of samples from five donors. Error bars within symbols are hidden.

anti-TLR-2 and TLR-4 Abs had no effect on HMGB1 activity (data
not shown).

In addition, 10 pg/ml HMGB1 had no effect on the expression
of ICAM-1 on macrophages (CD68) in spleen cells of RAGE
knockout mice, whereas HMGB1 induced expression of [CAM-1
in spleen cells of wild-type mice and of TLR-2 and TLR-4 knockout
mice (Fig. 8).

4. Discussion

It has been demonstrated that macrophages/monocytes and
T-cells play roles in the immune responses of patients with
inflammatory diseases. For example, pro-inflammatory cytokines
released from activated macrophages/monocytes and T-cells
induce initial events and liver damage during viral and autoim-
mune hepatitis (Koziel, 1999; McFarlane, 1999). Intrahepatic
recruitment of macrophages/monocytes and T-cells contributes
to HMGB1-induced inflammation in an HBV hepatitis model mice
(Sitia et al, 2007). In addition, it has been reported that HMGB1
induces inflammatory responses, including maturation and
migration of monocytes/macrophages (Rauvala and Rouhiainen,
2010), leading to activation of naive T-cells in the promotion and
induction of Th1 responses and to clonal expansion of antigen-
specific T-cells (Messmer et al., 2004; Dumitriu et al., 2005).
HMGB1 is necessary for CD4 T-cell proliferation after activation
by DCs (Bustin, 1999). 1 ug/ml HMGB1 has been shown to induce
production of TNF-¢, but not of IL-10 or IL-12 in normal human

PBMCs (Andersson et al., 2000). However, little is known about
the cellular mechanism of monocyte/macrophage-induced T-cell
activation. The present study is the first report that HMGBI1
induced ICAM-1, B7 and CD40 expression on monocytes, and
IFN-y and TNF-o production and T-cell proliferation in human
PBMCs (Figs. 1 and 2). Involvement of adhesion molecules on
monocytes and T-cells was required for HMGB1-induced IFN-y
and TNF-o production and T-cell proliferation (Fig. 3). Therefore,
cell-cell interactions might play roles in HMGB1-induced activa-
tion of monocytes and T-cells, perhaps with involvement of
adhesion molecules to regulate cellular responses in the area
of local inflammation in an HMGB1 concentration-dependent
manner.

Putative receptors for HMGB1 on monocytes/macrophages
and defined pathways activated by HMGB1 after binding to
cell-surface receptors have been investigated. It is reported that
RAGE expression is at low levels in normal tissues, but is up-
regulated at sites where its ligands accumulate (Yan et al., 2003).
In the present study, HMGB1 was shown to induce expression of
RAGE on monocytes, but not of TLR-2 and TLR-4 (Figs. 4 and 5).
Moreover, involvement of adhesion molecules on monocytes and
T-cells was required for HMGB1-induced RAGE expression
(Fig. 6B). RAGE has been reported to be the major receptor for
the pro-inflammatory activity of HMGBI1 in ex vivo macrophages
of rats and mice (Kokkola et al., 2005). On the other hand, HMGB1
can interact directly with TLR-4, inducing cytokine production in
peritoneal macrophages of mice (Yang et al., 2010). In the present
study, we found that RAGE, but not TLR-2 or TLR-4, played a role
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Fig. 7. Involvement of RAGE in HMGB1 activity. PBMCs at 4 x 10° cells/ml were incubated with 10 pig/ml HMGB1 and 0.01-10 pg/ml anti-RAGE Ab Fab, and ICAM-1, B7.1,
B7.2 and CD40 expression on monocytes, and IFN-y and TNF-u production and lymphocyte proliferation in human PBMCs were determined 24 h later by flow cytometry,
ELISA and [*H]-thymidine uptake, respectively. Open circles (O) represent the results in the absence of HMGB1, and filled circles (®) represent those in the presence of
HMGBI1. Control (Con) means 0 pg/ml anti-RAGE Ab Fab. Each data point is expressed as the mean + S.E.M. of triplicate determinations of samples from five donors.
**P < 0.01 compared with the value for HMGB1 alone. Error bars within symbols are hidden.
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Fig. 8. Effect of HMGB1 on ICAM-1 expression on macrophages of spleen cells of
RAGE-/[-, TLR-2-/- and TLR-4-/- knockout mice. Spleen cells of control mice (C57BL/6 J),
RAGE-/-, TLR-2-/- and TLR-4-/- knockout mice at 4 x 10° cells/ml were incubated with
or without 10 pg/ml HMGB1. The expression of ICAM-1 on macrophages (CD68) was
analyzed by flow cytometry. Each data point is expressed as the mean+S.EM. of
triplicate determinations of samples from five donors. **P< 0.01 compared with the
value for medium alone. ##P<0.01 compared with the value for HMGB1 in
macrophages of control mice. Error bars within symbols are hidden.

in HMGB1 activity (Figs. 7 and 8). In addition, the previous study
by Yamamoto et al. (2011) has shown that stimulation of RAGE by
LPS induced TNF-o production in mice macrophages. Together
with these results, both RAGE and TLR-4 might be involved in the

pathogenesis of a wide range of inflammatory disorders via
recruitment of ligands. Further studies are needed on the types
of HMGB1 receptors that mediate HMGB1 activity.

Administration of agents that specifically inhibit HMGB1 activ-
ity in animals with ischemia and inflammatory diseases has been
reported to interrupt progression of tissue imjury and suppress
inflammatory responses (Andersson and Tracey, 2011). We have
proposed that the inhibition of HMGB1 activity is a target for
treatment of inflammatory diseases, including brain ischemia
(Liu et al, 2007) and atherosclerosis (Kanellakis et al, 2011).
Therefore, we suggest that a functional property of such a drug
should be inhibition of HMGB1-induced adhesion molecule expres-
sion on monocytes.

5. Concludions

The results presented here provide new insight into the mechan-
ism of HMGB1 effects on the innate immune response. HMGB1
activation of monocytes and T-cells involves adhesion molecules on
both types of cells.
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