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Several HMGB1-specific antagonists have provided beneficial results in multiple models of inflammatory disease-preclinical tri-
als including arthritis. Since no HMGB1-specific targeted therapy has yet reached the clinic, we have performed in vitro studies to
investigate whether any of a selection of well-established antirheumatic drugs inhibit HMGB1 release as part of its mode of ac-
tion. Freshly purified peripheral blood monocytes from healthy donors were stimulated in cultures with LPS and IFNy to cause
HMGB1 and TNF release detected in ELISPOT assays. Effects on the secretion were assessed in cultures supplemented with dex-
amethasone, cortisone, chloroquine, gold sodium thiomalate, methotrexate, colchicine, etanercept or anakinra. Pharmacologi-
cally relevant doses of dexamethasone, gold sodium thiomalate and chloroquine inhibited the extracellular release of HMGBT in
a dose-dependent mode. Immunostaining demonstrated that dexamethasone caused intracellular HMGBT retention. No effects
on HMGBT secretion were observed in cultures with activated monocytes by any of the other studied agents. TNF production in
LPS/IFNy-activated monocytes was readily downregulated by dexamethasone and, to some extent, by chloroquine and etaner-
cept. We conclude that dexamethasone, gold sodium thiomalate and chloroquine share a capacity to inhibit HMGB1 release

from activated monocytes.
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INTRODUCTION

HMGB1 is a ubiquitous nonhistone
nuclear protein as well as an extracellu-
lar molecule regulating innate and adap-
tive immunity. Preclinical trials based on
HMGB1-specific therapeutic targeting in
several disease models have demon-
strated that extracellular HMGB1 plays
an important functional role in both in-
fectious and sterile inflammation (re-
viewed in [1,2]).

HMGBI1 reaches the extracellular mi-

lieu via active or passive cellular release.

The pathways are differentiated on the
basis of molecular mechanisms and re-
lease kinetics. Active secretion of
HMGB1 occurs when cells including
macrophages, monocytes, NK cells, den-

dritic cells, endothelial cells, platelets,
neurons and astrocytes are exposed to
exogenous pathogen-derived molecules
like lipopolysaccharide (LPS) or endoge-
nously derived inflammatory mediators
like IL-1B, nitric oxide, IFNf and IFNy
(3-6). Active release is initiated through
plasma membrane receptor interactions
with subsequent intracellular signal
transduction leading to a slow release of
HMGBI. Active secretion of HMGB1
from macrophages/monocytes begins
8-12 hours after ligation of appropriate
cell surface receptors. This represents a
significantly delayed onset of release as
compared with most other proinflamma-
tory mediators produced by these cells.
Signaling via NF-xB (7), phosphatidyli-
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nositol 3-kinase (PI3K) (8), p38MAPK
and ERK1/2 (9), and Janus kinase 2
(JAK 2) (6), all have been implicated in
the regulation of inducible HMGBI1 se-
cretion, depending on the mode of in-
duction and the cell lineage. There is a
continuous shuttle of HMGB1 between
the nucleus and the cytosol in resting
cells: a shuttling that is tightly controlled
by the phosphorylation and acetylation
status of the two nuclear localization sig-
nals in HMGB1 (10,11). During cell acti-
vation, phosphorylation or acetylation
of HMGB1 prevents the reentry of
HMGBI1 into the nucleus. Once in the
cytoplasm of macrophages/monocytes,
HMGBI1 is loaded into secretory lyso-
somes (12). This accumulation is regu-
lated by an ATP-binding cassette protein
transporter (ABC-transporter), the mul-
tidrug resistance-related protein 1
(MRP1). Macrophages from Mrp1™~ mice
have a markedly reduced HMGB1 secre-
tion. The transport by MRP1 requires co-
valent linkage of HMGBI to glutathione
(13). The exocytosis of the HMGB1-
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containing secretory lysosomes critically
depends on lysophosphatidylcholine
(LPC) (12) enzymatically generated
from phosphatidylcholine by secretory
phospholipase A2 (sPLA2) produced
8-12 hours after LPS activation of
monocytes/macrophages (14).

Passive HMGBI1 release occurs from
dying cells regardless of cell lineage.
HMGBI leakage during necrosis is an
immediate process, since HMGBI1 is only
weakly attached to the chromatin of a
living cell. The kinetics of the release pat-
tern during necrosis is thus in distinct
contrast to that of active HMGB1 export
from living macrophages (15). The con-
tribution from apoptotic cells to the ex-
tracellular pool of HMGBI1 was initially
regarded as nonexistent, since HMGBI is
strongly bound to DNA, histones and
nucleosomes during programmed cell
death due to hypoacetylation. However,
further studies have demonstrated that
apoptotic cells undergoing secondary
necrosis also may release HMGB1 (16).

Both our research work and that of
other groups have identified HMGB1 to
be involved in the pathogenesis of
chronic arthritis (reviewed in [2]). Exper-
imental studies in arthritis based on
HMGBI antagonists have generated en-
couraging results. No HMGBI1 blocking
therapy is yet approved for clinical use,
and we thus set out to study regulatory
effects on HMGBI release by well-
established antirheumatic compounds. In
vitro stimulated human primary blood
monocytes were used as target cells to
evaluate effects on HMGB1 and TNF se-
cretion. The monocyte cultures were acti-
vated with LPS and IFNy, potent exoge-
nous and endogenous stimuli known to
induce HMGB1 and TNF release (17,18).
The key element for LPS-induced
HMGBI release involves a translocation
of the constitutively expressed nuclear
HMGBI to secretory lysosomes exocy-
tosed to the extracellular milieu (12). LPS
stimulates the TLR4 complex via the
PI3K pathway to activate calcium-
dependent classical protein kinase C
(cPKC) to phosphorylate nuclear
HMGBI, which finally results in HMGB1
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secretion from monocytes/macrophages
(8). The regulation of IFNy-induced
HMGBI release is not fully resolved,

but relies on TNF- and Janus kinase
2-dependent mechanisms (6). IFNy stim-
ulation also upregulates the expression
of HMGB1 mRNA in cultured monocytes
(19). Our results demonstrate that treat-
ments with dexamethasone, chloroquine
or gold sodium thiomalate have the abil-
ity to inhibit HMGB1 release.

MATERIALS AND METHODS

In Vitro Cell Cultures

Human PBMCs were purified from
healthy donors by using Ficoll centrifu-
gation (Ficoll-Paque Plus, GE Healthcare,
Uppsala, Sweden). The washed cells
were resuspended in 80 uL of buffer
consisting of PBS with 0.5% FCS and
2 mmol /L EDTA per 107 total cells and
20 uL of magnetic MACS anti-CD14
MicroBeads (Miltenyi biotec, Bergisch
Gladbach, Germany) per 107 total cells
and incubated for 15 min at 6-12°C.
After washing, the cells were resus-
pended in 500 uL phosphate buffered
saline (PBS) and run through a column
placed in a magnetic field. The magnetic
anti-CD14 cell separation yielded a cell
population consisting of 95% monocytes.
Cells were cultured at 37°C and 5% CO,
in RPMI supplemented with 5% human
AB serum, 10 mmol /L HEPES, 100 U/mL
penicillin, 100 ug/mL streptomycin and
292 pg/mL L-Glutamine (Gibco Invitro-
gen, Paisley, UK). RAW 264.7 mouse
monocytic cell line was cultured in
DMEM with 4.5 g/L glucose supple-
mented with 5% heat-inactivated FCS
(Sigma Chemical Co., St. Louis, MO,
USA), 10 mmol /L HEPES, 100 U/mL
penicillin, 100 ug/mL streptomycin and
50 umol/L 2-ME (Gibco Invitrogen).

HMGB1 ELISPOT Assay

An in-house HMGB1 ELISPOT assay
was performed as previously described
(18). Briefly, multiscreen 96-well HTS Plate
Clear (MSIPS4510, Millipore, Stockholm,
Sweden) was coated with 40 pug/mL
mouse mAb IgG2b 2G7 (noncommercial

antibody, originally from Critical Thera-
peutic Inc., Boston, MA, USA, available
upon request) and blocked with cell-
specific medium containing 5% human
AB serum. Purified monocytes were
added at concentrations of 1,000, 2,000 or
4,000 cells/well and preincubated for 1 h
with indicated concentrations of dexam-
ethasone, cortisone, methotrexate, chloro-
quine diphosphate salt, colchicine (all
from Sigma, Steinheim, Germany), gold
sodium thiomalate (Myocrisin, Aventis
Pharma, Sanofi-Aventis, France), etaner-
cept (Enbrel, Wyeth, UK) or anakinra
(Kineret, Amgen, The Netherlands) and
then stimulated with 10 ng/mL LPS
(L-6529, Sigma), and 10 ng/mL human
rIFNy (Biosite, San Diego, CA, USA) for
24 h. As dexamethasone and cortisone
were diluted in absolute ethanol, control
experiments with cells subjected to equiv-
alent amounts of ethanol also were per-
formed. The addition of ethanol to mono-
cyte cultures did not affect the secretion
of HMGB1 or TNF (data not shown). Cell
viability was assessed at every experi-
mental setup and determined to be 90%
to 100% by Trypan blue (Merck, Darm-
stadt, Germany) exclusion. Polyclonal
antigen affinity-purified rabbit anti-
HMGB1 antibodies (BD Biosciences
PharMingen, San Diego, CA, USA),

0.5 ug/mL, were added and the plates in-
cubated overnight at 4°C. After washing,
the plates were incubated with biotiny-
lated donkey antirabbit antibody (Jackson
ImmunoResearch Lab, West Grove, PA,
USA), 0.8 ug/mL, washed and further in-
cubated with streptavidine-horseradish
peroxidase (Mabtech AB, Stockholm,
Sweden). After washing, a color reaction
was induced by the addition of tetram-
etylbenzidine (TMB) substrate (Mabtech
AB). The number of spots in each well
was analyzed with an AID EliSpot
Reader System (AID, Strassberg, Ger-
many). The specificity of the ELISPOT
assay was tested by coating the plate
with an isotype mouse control IgG2b
mAb against glucose oxidase Aspergillus
niger (DakoCytomation, Glostrup, Den-
mark), by using an irrelevant polyclonal
rabbit IgG fraction (DakoCytomation) at
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the detection step, or by omitting the de-
tection anti-HMGB1 antibody. Each ex-
periment was repeated at least three
times and the assay was found to be spe-
cific for HMGBI secretion.

TNF ELISPOT Assay

TNF ELISPOT was performed accord-
ing to the manufacturer’s instructions
(R&D Systems, Minneapolis, MN, USA).
Briefly, multiscreen 96-well HTS Plates
were coated overnight at 4°C with the
capture antibody. Human primary mono-
cytes at concentrations 1,000, 2,000 or
4,000 cells/well were added and pre-
treated with drugs for 1 h and stimulated
for 7 h with LPS and IFNy, as in the
HMGB1 ELISPOT assay. Cells were re-
moved, a biotinylated TNF detection an-
tibody added and the plates incubated
overnight at 4°C. Spots were developed
by using the streptavidine-horseradish
peroxidase/ TMB system, as described
above.

Apoptosis Assay

Human primary monocytes were iso-
lated and cultured as described above.
Cells were plated in 6-well plates with
250,000 cells/well to obtain equal cell
density as in the ELISPOT plates. Cells
were pre-incubated and stimulated simi-
larly as for the HMGB1 ELISPOT. After
washing with cold phosphate buffered
saline (pH 7.4) cells first were labeled
with Annexin V-biotin and PI and then
with streptavidine-FITC (R&D Systems,
Minneapolis, MN, USA) according to in-
structions from the supplier. Apoptosis
then was analyzed by flow cytometry
(FACSort, Becton Dickinson, Franklin
Lakes, NJ, USA).

Immunocytochemistry

RAW 264.7 cells were cultured in
8-well chamber slides (BD Biosciences
Falcon, Bedford, MA, USA) at a concen-
tration of 125,000 cells/mL. Cells were
preincubated for 1 h with 1,000 nmol/L
dexamethasone and then stimulated with
0.1 ug/mL LPS and 1 ng/mL IFNy for
24 h. Slides were fixed with 4% formal-
dehyde (Apoteket, Gothenburg, Sweden)
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Figure 1. Dexamethasone, but not cortisone, inhibited HMGB1 and TNF release from
human monocytes. Effects of dexamethasone on HMGB1 and TNF release and on cell vi-
ability (A-C), and effects of cortisone on HMGBT1 or TNF release and cell viability (D-F), are
demonstrated. Human primary monocytes were pretreated with dexamethasone (A, B) or
cortisone (D, E) for 1 h and subsequently stimulated with LPS/IFNy for 24 or 7 h. Secretion of
HMGB1 and TNF was detected by ELISPOT. Data from at least three experiments were nor-
malized by denoting the number of spots from LPS/IFNy stimulated cells as 100% and sub-
sequently calculating the effect achieved by addition of the drug; P values were calcu-
lated by Kruskal-Wallis nonparametric ANOVA test. *P < 0.05; **P < 0.01; ***P < 0.001. Cell
viability was assessed by Annexin-V staining (C, F).

for 10 min and stored in PBS at 4°C until
staining. Cells were permeabilized with
20 mmol/L Hepes, pH 7.4, 300 mmol /L
sucrose, 50 mmol /L NaCl, 3 mmol/L
MgCl,, and 0.5% (vol/vol) Triton X-100
(Sigma, St. Louis, MO, USA) for 3 min
followed by washing in PBS containing
0.1% saponin (Riedel-de Haén, Seelze,
Germany). Throughout the staining pro-
cedure, the slides were washed with
PBS/saponin, and all incubations were
performed at room temperature. Slides
were blocked with 2% FCS for 5 min and

cells stained with the anti-HMGB1
mouse mAb 2G7 (2 ug/mL) for 1 h. Sub-
sequently, cells were incubated with
Alexa 488 conjugated goat antimouse
IgG2b (Invitrogen, Molecular probes,
Eugene, OR, USA) diluted 1:1000 for

30 min. Cell nuclei were counterstained
with Hoechst (Pierce, Rockford, IL,
USA), 20 ug/mL for 5 min, and finally
slides were mounted with PBS/glycerol.
Analysis was conducted by using a
Polyvar 2 UV microscope (Reichert-Jung,
Vienna, Austria).
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Statistical Analysis

Kruskal-Wallis nonparametric analysis
of variance (ANOVA) was used to test
statistical significance. All pairwise com-
parisons were adjusted for by using the
Dunn multiple comparisons test. The
computer software program GraphPad
Prism version 5 for Windows (GraphPad
Software, San Diego, CA, USA) was used
for all tests.

RESULTS

Dexamethasone but Not Cortisone
Downregulated HMGB1 and TNF
Release from Activated Monocytes
CD14 purified monocytes from periph-
eral blood of healthy donors were acti-
vated by LPS/IFNy and HMGB1, and
TNF secretion was assessed with
ELISPOT assays. Dexamethasone, a po-
tent synthetic corticosteroid compound,
mediated strong inhibitory effects (P <
0.001) on both HMGB1 and TNF release
in doses ranging from 10” to 10* nmol/L
in cultures of activated monocytes (Fig-
ure 1A, B). The inhibition was not a con-
sequence of cell toxicity, as cell viability
was unaffected at all studied dexametha-
sone concentrations (Figure 1C).
Intracellular HMGB1 immunostaining
was performed to examine whether the
dexamethasone-induced inhibition of
HMGBI release was caused by intracel-
lular entrapment. Since primary mono-
cytes express very limited cytoplasmic
area, these cells are technically difficult
to evaluate regarding nuclear and cyto-
plasmic staining by UV-microscopy.
These problems were circumvented by
performing these studies in the murine
monocytic cell line RAW 264.7 instead.
The HMGBI1 staining was considerably
weaker in cells activated with LPS/IFNy
for 24 h than it was in activated cells co-
cultured with dexamethasone or in un-
stimulated cells (Figure 2). Since LPS/
[FNy-stimulated cells secreted more
HMGB1 in the ELISPOT assay than the
other studied cultures, we interpret the
weak intracellular HMGBI staining to
reflect a depletion of the preexisting
HMGBI pool after its extracellular
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Figure 2. Dexamethasone generated intracellular HMGB1 accumulation in RAW 264.7
cells activated by LPS/IFNy. RAW 264.7 cells monocytic cell line cells were cultured for 24 h
without exogenous stimulus (A, B), or with LPS/IFNy (C, D) or with LPS/IFNy plus 10° nmol/L
dexamethasone (E, F). The cells were then fixed and stained by immunofluorescence to
identify HMGB1 (green) or cell nuclei (hoechst blue). HMGB1 was dominantly expressed
infranuclearly in unstimulated cells with some cells expressing additional cytoplasmic
HMGB1 (A). Cells activated by LPS/IFNy demonstrated much weaker HMGB1 signals both
in the nucleus and cytoplasm (C), compared with cells in panels A and E. Cells activated
by LPS/IFNy in the presence of dexamethasone expressed the strongest cytoplasmic stain-
ing (E) of the three studied cell cultures and the intensity of the nuclear signal was at
least equal to that in unstimulated cells and considerably stronger than in activated cells

cultured without dexamethasone (C).

translocation. The contrasting observa-
tion in LPS/IFNy-activated cells co-
cultured with dexamethasone indicated
increased cytoplasmic HMGBI staining
and strong nuclear HMGBI signals
compared with cells stimulated with
LPS/IFNy alone, or with unstimulated
cells (see Figure 2). The results in dex-
amethasone exposed cultures could pos-
sibly be explained by inhibited secretory
capacity rather than by impaired
HMGB1 synthesis.

Cortisone is a precursor of cortisol,
the well-established antiinflammatory
mediator. Cortisone did not influence
HMGB1 or TNF release or cell viability
at any studied dose ranging from 107 to

10* nmol/L (Figure 1D-F). Single intra-
venous injection of 30 mg cortisone to
patients generates serum levels of ap-
proximately 10° nmol/L (20).

Gold Sodium Thiomalate (GST) and
Chloroquine Both Inhibited HMGBI1
Release

Gold salts represent the first widely
used disease-modifying antirheumatic
drug (DMARD) to treat rtheumatoid
arthritis. The most commonly used
gold-containing compound, gold
sodium thiomalate (GST), mediated di-
vergent effects on HMGB1 versus TNF
release after LPS/IFNy activation of
monocytes (P < 0.01) (Figure 3A-C).
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Addition of 250 umol/L GST, which is
pharmacologically relevant, signifi-
cantly inhibited HMGB1 release, while
no studied dose of GST had any effect
on TNF secretion.

The antimalarial compounds chloro-
quine and hydroxychloroquine also are
used as DMARDs with beneficial effects
in lupus and in several forms of chronic
arthritis. Activated monocytes cultured
with 100 to 200 umol/L chloroquine ex-
hibited reduced release of both HMGB1
and TNF (Figure 3D, E). Cell viability
in cultures supplemented with
50-200 pmol /L chloroquine was reduced,
but not in a dose-dependent mode (Fig-
ure 3F). Annexin V staining demon-
strated that programmed cell death was
the mode of death (data not shown). It is
thus conceivable that apoptosis con-
tributed to the inhibited HMGB1 and
TNF secretion in the cultures.

Methotrexate or Colchicine Did Not
Modulate HMGB1 or TNF Release

A single dose of 10 to 20 mg metho-
trexate given once weekly is a well-
established DMARD therapy in rheuma-
toid arthritis. Administration of a single
dose of 6 mg methotrexate generates a
peak plasma level of approximately
0.2 umol/L (21). No effects on HMGB1
or TNF secretion were detected in
LPS/IFNy stimulated monocytes that
were cultured with 0.02-0.6 umol /L
methotrexate (Figure 4A-C).

Colchicine is a natural product with a
long history of being used as an antiin-
flammatory agent in flares of gout and
in other IL-1p3-dependent diseases. Ad-
dition of colchicine in doses ranging
from 1 to 100 ng/mL to the activated
monocyte cultures did not interfere
with the secretion of HMGB1 or TNF
(Figure 4D-F).

No Effects on HMGB1 Release
Occurred in Cultures Treated with TNF-
or IL1-Blocking Agents

Etanercept is a modified, soluble TNF
type II receptor molecule successfully
used for treatment of several different
chronic inflammatory disorders. Subcuta-
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Figure 3. Gold sodium thiomalate and chloroquine inhibited HMGB1 release, but only
chloroquine inhibited TNF release. Effects of gold sodium thiomalate (GST) on HMGB1 and
TNF release and on cell viability (A-C), and effects of chloroquine on HMGBT1 or TNF re-
lease and on cell viability (D-F). Human primary monocytes were pretreated with GST or
chloroquine for 1 h and subsequently stimulated with LPS/IFNy for 24 or 7 h. Secretion of
HMGB1 and TNF was detected by ELISPOT. Data from at least three experiments were nor-
malized by denoting the number of spots from LPS/IFNy stimulated cells as 100% and sub-
sequently calculating the effect achieved by addition of the drug; P values were calcu-
lated by Kruskal-Wallis nonparametric ANOVA test. **P < 0.01; ***P < 0.001. Cell viability

was assessed by Annexin-V staining.

neous injection of 25 mg etanercept gener-
ated a peak serum level of approximately
3 ug/mL (22). Addition of 1-8 ug/mL
etanercept to LPS/IFNy stimulated
monocytes did not reduce HMGB1 re-
lease (Figure 5A). Somewhat diminished
TNF secretion was observed in cultures
with 2 or 8 ug/mL (Figure 5B).
Anakinra, IL-1 receptor antagonist
(IL-1RA), like TNF-blocking agents, be-
longs to the expanding group of biologi-

cal drugs that has revolutionized the
treatment of chronic inflammation.
Monocytes cultured with anakinra (2.5
to 20 ug/mL) did not display any al-
tered HMGB1 or TNF secretion in re-
sponse to LPS/IFNy (Figure 5D-F).
Therapy given to patients with anakinra
doses of 1 mg/kg or 10 mg/kg resulted
in plasma concentrations of approxi-
mately 3 ug/mL and 30 ug/mL, respec-
tively (23).

MOL MED 16(9-10)343-351, SEPTEMBER-OCTOBER 2010 | SCHIERBECK ET AL. | 347



PHARMACOLOGICAL DOWNREGULATION OF HMGB1

>

175

HMGB1 secretion
(% of control)
g 3383

n
o

0.
Methotrexate (uM): © O F P ¥ P O

LPSHFNy: - + + + + + -

a o

TNF secretion
(% of control)

N
a

0.

Methotrexate (uM): ©
LPS+IFNy: -
C

1507 3 Unstimulated
@ Stimulated with LPS+FNy

o a
o N
S a

Viability
(% of control)
g 3

»n
o

0

Methotrexate (uM): 9 °§© oY o2

O

PR
N
o

1

HMGB1 secretion
(% of control)

Colchicine (ng/ml): & o o o N DS S
LPS+FNy: - + + + + + + -
E
1751
1504

TNF secretion
(% of control)

o J

g
+ 2 NN\
+ 7 OO

Colchicine (ng/ml): K ,‘;} o> \@ ,\@
LPS+IFNy: - + + + + -

1509 33 Unstimulated

125 EE Stimulated with LPS+FNy

1004 —

Viability
(% of control)
o~
LT

»n
o
1

0

Cholchicine (ng/ml): Q v N ,&Q

Figure 4. Methotrexate or colchicine had no effect on HMGB1 and TNF release. Effects of
methotrexate on HMGB1 and TNF release and on cell viability (A-C), and effects of
colchicine on HMGB1 and TNF release and on cell viability (D-F), are demonstrated.
Human primary monocytes were pretreated with methotrexate or colchicine for 1 h and
subsequently stimulated with LPS/IFNy for 24 or 7 h. Secretion of HMGB1 and TNF was de-
tected by ELISPOT. Data from at least three experiments were normalized by denoting the
number of spots from LPS/IFNy stimulated cells as 100% and subsequently calculating the
effect achieved by addition of the drug; P values were calculated by Kruskal-Wallis non-
parametric ANOVA tfest and found to be nonsignificant. Cell viability was assessed by

Annexin-V staining.

DISCUSSION

The most distinct result of the present
study is that dexamethasone, chloro-
quine and gold salts, in clinically rele-
vant doses, have been recognized as
pharmaceutical inhibitors of HMGBI re-

lease in experimental settings used by us.

It should however be pointed out that it
is not clear how LPS/IFNy activation of
monocytes relates to the pathophysiol-
ogy of HMGBI release in vivo during the
course of clinical disorders. Despite this
important objection, we believe these ob-
servations to be of potential interest. It is
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well documented that HMGBI is a valid
therapeutic target molecule in many dif-
ferent models of disease combined with
the notion that no HMGB1-specific an-
tagonists are yet approved for clinical
use. Preclinical studies have demon-
strated that HMGB1-neutralizing agents
including anti-HMGB1 antibodies
(4,24-27), thrombomodulin (28) or solu-
ble HMGB1 receptors like sSRAGE (29)
ameliorate experimental sepsis, arthritis,
ischemia-reperfusion injury, stroke, acute
pancreatitis and additional experimental
conditions. HMGBI receptor antagonists

like truncated HMGBI1 (the A box do-
main) (24,30) or RAGE-specific antibod-
ies (31) also have performed well in mul-
tiple preclinical models including sepsis
and arthritis. The principle of sequester-
ing HMGBI in the nucleus and thereby
preventing its extracellular release has
provided protection in experimental sep-
sis and arthritis following activation of
the cholinergic antiinflammatory path-
way (32) and use of compounds like cis-
platin or oxaliplatin (33, 34).

We previously have reported that treat-
ment with glucocorticosteroids via in-
traarticular injections or systemic admin-
istration downregulates HMGB1 and
TNF expression in tissues from patients
with chronic arthritis or myositis (35).
Our present results demonstrating
dexamethasone-induced inhibition of
TNF secretion from cultured monocytes
stimulated by LPS is most likely ex-
plained by the well-known corticosteroid
regulation of NF-kB activation. The stud-
ied doses of dexamethasone that down-
regulated TNF and HMGBI secretion in
activated monocytes ranged from 10” to
10* nmol /L, which is pharmacologically
relevant, since systemic treatment with 3
mg dexamethasone generates a plasma
concentration of 60 nmol/L (20). How-
ever, the molecular background for the
diminished HMGBI1 secretion in our
study remains to be clarified. LPS-
stimulated HMGBI1 secretion in mono-
cytes is mediated by calcium-dependent
classical PKC, not by NF-kB or MAPKs,
two factors known to be inhibited by cor-
ticosteroids (8). However, our immuno-
fluorescence stainings reflecting the cellu-
lar HMGBI localization demonstrated
that cells activated by LPS/IFNy in the
presence of dexamethasone accumulated
HMGBI intracellularly. The HMGBI re-
tention was much stronger than in
LPS/IFNy stimulated cells cultured with-
out dexamethasone (see Figure 2). These
observations indicate that dexamethasone
blocked the secretion of HMGB1. Active
release of HMGBI1 needs lysophos-
phatidylcholine, which is generated from
phosphatidylcholine by sPLA2 (12). It has
been demonstrated in several studies that
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Figure 5. Blockade of TNF or IL-1p did not suppress HMGB1 release. Effects of soluble TNF
receptor (etanercept) on HMGB1 and TNF release and on cell viability (A-C), and effects
of IL-TRA (anakinra) on HMGB1 and TNF release and on cell viability (D-F), are demon-
strated. Human primary monocytes were pretreated with etanercept or anakinra for 1 h
and stimulated with LPS/IFNy for 24 or 7 h. Secretion of HMGB1 and TNF was detected by
ELISPOT. Data from at least three experiments were normalized by denoting the number
of spofts from LPS/IFNy stimulated cells as 100% and subsequently calculating the effect
achieved by addition of the drug; P values were calculated by Kruskal-Wallis nonparo-
metric ANOVA test and found to be nonsignificant. **P < 0.01; ***P < 0.001. Cell viability

was assessed by Annexin-V staining.

corticosteroids are potent inhibitors of
sPLA2 synthesis in many cell types after
different modes of stimulation including
LPS (14). It is thus plausible that an im-
portant mechanism to explain the in-
hibitory effect by dexamethasone on
HMGBI release is due to suppressed pro-
duction of sPLA2, an enzyme required
for HMGB1 exocytosis.

The absence of cortisone-mediated ef-
fects on TNF or HMGBI release is not
surprising, since primary monocytes lack
the 11p-hydroxysteroid dehydrogenase
type 1 enzyme required for conversion of

cortisone to cortisol, the functional end-
product of this potent endogenous anti-
inflammatory system (36).

Gold compounds such as GST reduce
the symptoms of rheumatoid arthritis,
although their mechanism of action is
not well defined. Previously, we have
published that pharmacologically rele-
vant doses of GST may inhibit HMGB1
release from activated, cultured mono-
cytic cell lines (37). Using identical GST
concentrations, we now confirm these
observations in fresh, primary mono-
cytes. GST did not regulate TNF secre-
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tion from either primary monocytes or
monocytic cell lines. The divergent re-
sults on HMGB1 versus TNF release
might be caused by the fact that GST
also inhibits release of IFN-B and nitric
oxide. They are both key endogenous
mediators of intracellular HMGBI trans-
port mechanisms, but are not needed for
TNF release (37).

Activated monocytes cultured with
100 to 200 umol/L chloroquine counter-
acted both HMGB1 and TNF release.
Equivalent intracellular chloroquine lev-
els occur in leukocytes from patients
treated with daily oral doses of 400 mg
hydroxychloroquine (38). The mecha-
nism of action of antimalarials such as
hydroxylchloroquine and chloroquine in
autoimmune diseases is not fully under-
stood, but is suggested to be related to
the fact that they accumulate in the cellu-
lar acid-vesicle system, including lyso-
somes (39). It is thus a possibility that
HMGBI (that also accumulates in lyso-
somes during its passage to secretion)
may interact there with chloroquine in a
process that will prevent further release.
The increased apoptotic cell death in
monocytes exposed to higher doses of
chloroquine may be an additional mech-
anism for the diminished HMGBI release
(see Figure 3F).

Low-dose methotrexate therapy is the
most commonly used DMARD adminis-
tration in rheumatoid arthritis. The mode
of action is believed to involve modula-
tion of T lymphocyte, rather than
macrophage /monocyte functions, since
T cell-dependent but not independent
experimental models respond to low-
dose methotrexate therapy (40). Our re-
sults concur with this view, since no ef-
fects on HMGB1 or TNF release were
observed by methotrexate addition to the
monocyte cultures.

Colchicine is known to inhibit the in-
tracellular microtubuli system prevent-
ing the release of IL-1f as the mechanism
for mediating beneficial effects in IL-1f-
dependent diseases such as gout and fa-
milial Mediterranean fever. The intracel-
lular transport system in monocytes for
IL-1B secretion shares features with that
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for active export of HMGB1 (12). It was
thus somewhat surprising that the addi-
tion of colchicine to the LPS/IFNy-
stimulated monocytes had no effect on
HMGBI secretion (see Figure 4). The
background could be that lysosomal
pools of HMGB1 and IL-1p in activated
monocytes are readily differentiated (12).
Exocytosis of IL-1p containing vesicles is
activated as an early event following
monocyte activation, and occurs in asso-
ciation with a rise in ATP that also is suf-
ficient to trigger assembly of the inflam-
masome. This fails, however, to stimulate
the early release of HMGB1 containing
vesicles, which are released much later
following production and accumulation
of lysophosphatidylcholine (12).

The effects on HMGB1 expression of
systemic TNF-blocking therapy have
been studied in a small cohort of patients
with chronic arthritis (41). Systemic ad-
ministration of anti-TNF monoclonal an-
tibodies did not modulate the synovial
HMGBI1 expression. In line with this re-
sult, we did not observe a downregula-
tion of HMGBI1 release when monocytes
were activated by LPS/IFNy in the pres-
ence of etanercept. Taken together, these
results suggest that HMGB1 may repre-
sent a TNF-independent molecule to con-
sider for future therapeutic targeting in
patients that are refractory to TNF-
blocking treatment. Higher doses of etan-
ercept inhibited TNF secretion in the
monocyte cultures. The interpretation of
this result is complicated by the fact that
etanercept competes with the detecting
anti-TNF mAD in the ELISPOT assay and
may reflect a technical rather than a true
biological issue.

IL-1RA (anakinra) did not influence
HMGBT1 or TNF secretion in monocytes
stimulated by LPS/IFNy implying that
IL-1 is not required for the activation.
However, there is another possibility that
anakinra may play a functional role in
HMGBI1-induced clinical diseases.
HMGBI and IL-1p have been demon-
strated to form complexes that work in
strong proinflammatory synergy com-
pared with the individual components
on their own (42). Blocking the IL-1 type
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I receptor with IL-1RA abrogates the
function of these complexes.

Dexamethasone, chloroquine, GST and
oxaliplatin (33) thus all inhibit HMGB1
release in our experimental systems. The
clinical relevance of this contribution is
presently hard to interpret. Additional
studies will be needed to study the ef-
fects after other modes of HMGBI re-
lease and to further explore the detailed
mechanisms in action.
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