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Tumor necrosis factor-o
stimulates gingival epithelial
cells to release high
mobility-group box 1

Morimoto Y, Kawahara K-1, Tancharoen S, Kikuchi K, Matsuyama T, Hashiguchi
T, Izumi Y, Maruyama 1. Tumor necrosis factor-a stimulates gingival epithelial
cells to release high mobility-group box 1. J Periodont Res 2008, 43: 76-83.
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Background and Objective: High-mobility-group box 1 functions as a late-phase
inflammatory mediator. It can be released extracellularly by macrophages and
necrotic cells through lipopolysaccharide and tumor necrosis factor-a. The
objective of this study was to clarify the source of high-mobility-group box 1 in
chronic periodontitis tissues and tumor necrosis factor-a-stimulated gingival
epithelial cells, and subsequently elucidate its inducible inflammatory pathway.

Material and Methods: Chronic periodontitis and healthy gingival sections were
stained for high-mobility-group box 1 by immunohistochemistry and immuno-
fluorescence. The amounts of high-mobility-group box 1 released into the gingival
crevicular fluid and supernatants from gingival epithelial cells stimulated by tumor
necrosis factor-a were examined by western blot. The phosphorylation of
mitogen-activated protein kinases (MAPKs) in gingival epithelial cells was also
examined.

Results: High-mobility-group box 1 was detected in the cytoplasm and nucleus of
gingival epithelial cells with periodontitis. Western blotting revealed a significant
increase in high-mobility-group box 1 expression in the gingival crevicular fluid
from periodontitis patients. High-mobility-group box 1 production in gingival
epithelial cells was increased following stimulation with tumor necrosis factor-o.
The molecular dialogue between tumor necrosis factor-a and gingival epithelial
cells involved modulation of the activities of p38MAPK, Jun N-terminal kinase
and p44/42. Interestingly, only phosphorylation of p38MAPK contributed to
more than half of the signaling initiated by tumor necrosis factor-a-elicited high-
mobility-group box 1 release.

Conclusion: High-mobility-group box 1 is continuously released from the gingival
epithelial cells modulated by tumor necrosis factor-a. These findings imply that
high-mobility-group box 1 expression and possibly p38MAPK constitute
important features in periodontitis.

© 2007 The Authors.
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consists of two tandem domains,
designated high-mobility-group boxes
A and B, each of which is =75 amino
acids in length, and a highly acidic

High-mobility-group box I, a primarily
nuclear protein, is present in many
eukaryotic cells (1) and has a highly
conserved sequence among species. It

carboxyl terminus of 30 amino acids in
length. High-mobility-group box 1
appears to have distinct functions
in celtular systems. It acts as an



intracellular regulator of transcription
and plays a crucial role in the main-
tenance of DNA functions (2). Extra-
cellular high-mobility-group box 1
released from various cells (i.e.
macrophages/monocytes, endothelial
cells and pituicytes) or necrotic cells
(3-6) and stimulated by lipopolysac-
charide or tumor necrosis factor-a acts
as a pro-inflammatory cytokine
through the multiligand receptor for
advanced glycation end-products (7,8)
and toll-like receptors 2 and 4 (9).
Extracellular high-mobility-group box
1 has been found to play crtical roles
in the progression of chronic inflam-
matory diseases, such as septic shock,
rheumatoid arthritis and atheroscler-
otic lesions (3,8,10,11). .

Periodontitis is a chronic inflamma-
tory disease in which the production of
numerous pro-inflammatory cytokines
(i.e. interleukin-1B, interferon-y and
tumor necrosis factor-a) is amplified by
several  bacteria-derived  virulence
factors (12), thereby leading to the
destruction of soft tissues and bone
(13). Among the pro-inflammatory
cytokines, - tumor necrosis factor-o
plays important roles in various
inflammatory conditions (14) and has
recently gained attention in periodontal
diseases as a result of its effects on bone
and soft tissue metabolism (15). For
example, tumor necrosis factor-a has
been reported to have a strong poten-
tial for increasing bone resorption
(16,17) and to be involved in the
degradation of connective tissues (18).

The receptor for advanced glycation
end-product expression has been
detected in human gingival tissues
from subjects with chronic perio-
dontitis, with or without type 2 diabe-
tes (19), and can be induced by
advanced glycation end-products and
tumor necrosis factor-a (20). There-
fore, the pro-inflammatory effects of
extracellular high-mobility-group box
1 acting through the receptor for
advanced glycation end-products may
be involved in the pathogenesis of
periodontitis.. However, the involve-
ment of extracellular high-mobility-
group box 1 in periodontitis remains
unknown. In our preliminary study,
high-mobility-group box 1 expression
was detected in gingival tissues with
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chronic periodontitis. Interestingly, its
expression was also observed in gingi-
val epithelium with periodontitis.

The purpose of the present study
was to determine whether gingival
epithelial cells express high-mobility-
group box 1 with or without tumor
necrosis factor-a and release high-
mobility-group box 1 into the local
microenvironment. Furthermore, the
mechanism for high-mobility-group
box 1 expression in response to tumor
necrosis factor-a stimulation, including
the activation of mitogen-activated
protein kinase (MAPK) signaling
pathways, was also investigated.

Material and methods

Chemicals

Human recombinant tumor necrosis
factor-a was purchased from Pepro-
Tech EC (London, UK). SB203580
and SP600125 were purchased from
Calbiochem (San Diego, CA, USA).
U0126 was purchased from Promega
(Madison, WI, USA). All other rea-
gents were supplied by Sigma-Aldrich
Inc. (St Louis, MO, USA).

Antibodies

A high-mobility-group box 1 antibody
was obtained from Shino-Test (Tokyo,
Japan). A tumor necrosis factor
receptor 1 and 2 neutralizing antibody
was purchased from R & D Systems
Inc. (Minneapolis, MN, USA).
A CD68 antibody was purchased from
DakoCytomation (Glostrup, Den-
mark). MAPK assay kits (containing
polyclonal antibodies against p38, Jun
N-terminal kinase/stress-activated
protein kinase and p44/42, phospho-
p38, phospho-Jun N-terminal kinase/
stress-activated protein kinase and
phospho p44/42) were purchased from
Cell Signaling Technology Inc. (Bev-
erly, MA, USA).

Gingival crevicular fluid sampling

Gingival crevicular fluid samples were
obtained from three patients with
chronic periodontitis (two men, one
woman; average age 63.7 years; pro-
bing- depth 7-10 mm; alveolar bone

loss 24-30%) and from three healthy
controls after informed consent was
obtained according to guidelines
approved by the Ethical Committee at
Kagoshima  University  Graduate
School of Medical and Dental Sci-
ences. Gingival crevicular fluid was
collected using periopaper (Proflow
Inc., Amityville, NY, USA), as previ-
ously described (21). Briefly, perio-
paper was placed into the periodontal
pocket for 30 s and then transferred to
50 pL of sodium dodecyl sulfate sam-
ple buffer (62.5 mm Tris-HCI, pH 6.8,
2% sodium dodecyl! sulfate, 10% gly-
cerol). Following an interval of 60 s,
the procedure was repeated twice. The
high-mobility-group box 1 protein
levels in the gingival crevicular fluid
samples were analyzed by western
blotting.

Preparation of gingival tissues

Both healthy (n =5) and chronic
periodontitis (n = 10; six men/four
women; average age 59.2 years; probing
depth 7-10 mm; alveolar bone loss 24—
30%) tissues were obtained from pa-
tients after informed consent was ob-
tained according to guidelines approved
by the Ethical Committee at Kagoshi-
ma University Graduate School of
Medical and Dental Sciences. Diseased
sites that exhibited severe periodontal
attachment loss were selected at ran-
dom. The excised tissues were immedi-
ately fixed in 4% paraformaldehyde and
then embedded in paraffin.

Immunohistochemistry

Paraffin-embedded sections (5 um) of
gingival tissues were deparaffinized in
xylene and rehydrated through a series
of decreasing concentrations of eth-
anol. After blocking endogenous per-
oxidase activity by 3% H,0, for
15 min, the sections were processed for
immunostaining using a Histofine
simple stain kit (Nichirei Bioscience
Inc., Tokyo, Japan). Sections were
incubated in each primary antibody
(anti-high-mobility-group box 1 rabbit
immunoglobulin, 2 pg/mL; and anti-
CD68 mouse immunoglobulin, 1 pg/
mL) overnight at 4°C. After washing,
the sections were incubated in Histo-
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fine simple stain MAX-PO for 30 min
at room temperature. Sections were
washed and further incubated with the
3-amino-9-ethylcarbazole  substrate-
chromogen system (Nichirei Bioscience
Inc.) for 10 min at room temperature.
As negative controls, each isotype
nonimmune serum (2 pg/mL) of the
same species was used instead of the
primary antibody. The sections were
counterstained with Mayer’s hematox-
ylin, mounted in Aquatex (Merck
“KGaA, Darmstadt, Germany) and
examined with a BH2 light microscope
(Olympus, Tokyo, Japan).

Immunofiuorescence

To investigate the origin of high-
mobility-group box 1 in the perio-
dontitis  tissues, paraffin-embedded
sections (5 pm) of gingival tissues were
deparaffinized in xylene and rehydrat-
ed through a series of decreasing con-
centrations of ethanol. After three
washes with phosphate-buffered saline,
the sections were blocked with 1%
bovine serum albumin in phosphate-
buffered saline for 1h and then
incubated with a rabbit anti-high-
mobility-group box 1 polyclonal
immunoglobulin (1 pg/mL) and
human macrophage marker immuno-
globulin (anti-CD68) for 1 h at room
temperature. The sections were then
washed with phosphate-buffered saline
and incubated with fluorescein isothi-
ocyanate-conjugated antirabbit IgG
and rhodamine-conjugated antimouse
1gG (Immunotech, Marseille, France),
diluted 1:50 in phosphate-buffered
saline, for 30 min at room tempera-
ture. Finally, cell nuclei were labeled
with 4’ 6-diamidino-2-phenylindole
(Nakalai Tesque, Kyoto, Japan) and
the sections were washed and examined
using an Axioskop microscope (Carl
Zeiss, Oberkochen, Germany).

Cell culture

Rat gingival epithelial cells were
established from 2-wk-old Rowett rats
and palatal gingival explants were
prepared as described previously (22).
Briefly, the palatal gingival explants
were placed in tissue culture plates in
Dulbecco’s modified Eagle's medium

“lection

(Sigma-Aldrich) containing 10% fetal
bovine serum. After 2 wk, rat gingival
epithelial cells were further cultured in
keratinocyte serum-free medium (Life
Technologies, Rockville, MD, USA)
supplemented with epidermal growth
factor (5 ng/mL) and bovine pituitary
extract (30-50 pg/mL). The cells were
used for the following experiments
after four to six passages. A human
gingival epithelial cell line (Ca9-22)
was obtained from the Japanese Col-
of Research Bioresources
(JCRB, Osaka, Japan) and suspended
in Eagle’s minimal essential medium
(Sigma-Aldrich), supplemented with
10% fetal bovine serum, at 37°C in a
humidified 5% CO; atmosphere.

Sample preparation for western blot
analysis

All samples were prepared as described
previously (8), with slight modifica-
tions. Briefly, cells (8 x 10° cells/well)
were stimulated, for 0-20 h, with
tumor necrosis factor-o at 0, 1, 5 or
10 ng/mL in Eagle’s minimal essential
medium containing 1% fetal bovine
serum.  High-mobility-group  box
l-containing supernatants (I mL), in
the presence or absence of tumor nec-
rosis factor-a, were collected and fur-
ther incubated overnight with 50 pL of
heparin~Sepharose 6B (GE Healthcare
Bio-Sciences AB, Uppsala, Sweden).
After three washes with phosphate-
buffered saline, sodium dodecyl sulfate
sample buffer was added. For MAPK
assays, the cells were lysed, as previ-
ously described (23). Briefly, 120-pL
aliquots of cell suspensions (5 x 10°
cells/dish) were seeded into 60-mm cell
culture dishes, and cell lysates were
obtained by adding 120 pL of sodium
dodecyl sulfate sample buffer contain-
ing 50 mm dithiothreitol, | mm phe-
nylmethanesulfonyl  fluoride  and
0.5 mM Na,VOs;. The supernatants and
lysates were assayed for their protein
concentrations using a Protein Assay
Kit (Bio-Rad, Hercules, CA, USA)
and subjected to 12% sodium dodecyl
sulfate-polyacrylamide  gel electro-
phoresis. All experiments using inhibi-
tors were performed as described
above, except that the cells were pre-
incubated with a tumor necrosis factor

receptor 1-neutralizing antibody or
respective. MAPK inhibitors for 1 h
before exposure to tumor necrosis
factor-a.

Western blot analysis

After subjecting all the samples to 12%
sodium dodecyl sulfate-polyacrylamide
gel electrophoresis, the separated pro-
teins were transferred to nitrocellulose
membranes (Schleicher & Schuell,
Dassel, Germany). The membranes
were blocked with 5% nonfat dry milk
in Tris-buffered saline (pH 7.4), con-
taining 0.02% Tween 20, for 1 h at
room temperature and then incubated
with a primary antibody (anti-high-
mobility-group box 1 immunoglobulin
at 10 pg/mL or anti-MAPK immuno-
globulins diluted 1 : 3000) in Tris-buf-
fered saline (pH 7.4) containing 0.02%
Tween 20 and 1% nonfat dry milk,
overnight at 4°C. After three washes

. with Tris-buffered saline (pH 7.4)

containing 0.02% Tween 20, the
membranes were incubated with
horseradish peroxidase-conjugated
antirabbit IgG (Santa Cruz Biotech-
nology, Santa Cruz, CA, USA), diluted
1:3000 in Tris-buffered saline (pH
7.4) containing 0.02% Tween 20 and
2.5% nonfat dry milk, for 1 h at room
temperature. Finally, the membranes
were washed with Tris-buffered saline
(pH 7.4) containing 0.02% Tween 20,
and developed with an enhanced
chemiluminescence kit (Amersham
Pharmacia Biosciences, Bucks., UK).

Cell viability assay

The cell viabilities were analyzed by the
mitochondrial respiratory activity,
which was measured using the 3-(4,5-
dimethylthiazol-2yl)-2,5-diphenol tetra-
zolium bromide (MTT) cleavage assay
(Boehringer Mannheim, Indianapolis,
IN, USA). This assay was performed
using a slight modification of the
method described by Twentyman et al.
(24). Briefly, cells cultured in 96-well
plates (with 100 pL of medium per
well) were incubated with MTT (20 puL
of 2.5 ug/mL per well) at 37°C for 3 h.
The formazan product was solubilized
by the addition of 100 pL of dimeth-
yisulfoxide and 100 pL of 10% sodium



dodecyl sulfate (in 0.01 m HCI) for
16 h at 37°C. The dehydrogenase
activity was expressed as the absorb-
ance (read with an Immuno Mini NJ-
2300 (Inter Medical, Tokyo, Japan)) at
a test wavelength of 570 nm and a
reference wavelength of 630 nm.

Statistical analysis

Inhibition of individual MAPKs study
and cell viability test were calculated
from three separate experiments and
expressed as the mean =+ standard
deviation. The Bonferroni correction
was used for multiple r-test compari-
sons, and p-values were determined
using STATVIEW version 5.0 for Macin-
tosh. Values of p < 0.05 were consid-
ered statistically significant.

Results

High-mobility-group box 1
expression in human inflamed
gingival crevicular fluid and chronic
periodontitis tissues

Gingival crevicular fluid contains a
rich array of biochemical factors that
reflect the metabolic status of the
periodontal tissue component (25). By
western blot analysis, high-mobility-
group box 1 was detected in the gin-
gival crevicular fluid from periodontitis
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subjects, but not in that from control
subjects (Fig. 1). To explore high-
mobility-group box 1 expression in
chronic periodontitis tissues, we per-
formed immunohistochemical staining.
As seen for gingival crevicular fluid
(Fig. 1), most of the inflamed gingival
epithelial cells stained positive for
high-mobility-group box 1 in the peri-
phery of the nucleus together with
some transtocation from the nucleus to
the cytoplasm in all specimens
(Fig. 2A, a,d), whereas staining
showed the high-mobility-group box 1
to be localized only in the nuclei of the
control cells (Fig. 2A, g,j). Cells were
negatively stained with nonspecific IgG
(Fig. 2A, b,e,h k). Recent studies have
demonstrated active secretion of high-
mobility-group box 1 by macrophages

and monocytes during tissue injury’

(3,8,26). Therefore, we confirmed the
origin of the high-mobility-group box 1
by double-immunostaining the same
tissue sample with a high-mobility-
group box | antibody and a macro-
phage marker antibody (anti-CDé68).
Only macrophage-like cells showed
positive staining for CD68, whereas no
positive signals for CD68 were detected
in the high-mobility-group box 1-pos-
itive gingival epithelial cells (Fig. 2B),
indicating that gingival epithelial cells
are the source of high-mobility-group
box 1 in periodontitis.

Healthy

37

25

HMGB1

Fig. 1. High-mobility-group box 1 release into gingival crevicular fluid. Western blot ana-
lyscs with a high-mobility-group box 1 antibody were performed on gingival crevicular fluid
samples from three separate patients with periodontitis (lanes 1-3) and from three healthy
control subjects (lanes 4-6). High-mobility-group box 1 is present in the gingival crevicular
fluid from the periodontitis patients, but absent from that from the control subjects. GCF,
gingival crevicular fluid; HMGBI, high-mobility-group box 1.

Tumor necrosis factor receptor
1-dependent high-mobility-group
box 1 release into supernatants from
rat gingival epithelial cells and Cag-
22 cells

Tumor necrosis factor-o plays a central
role in gingival inflammation and is
predominantly produced by activated
macrophages that invade a lesion fol-
lowing dental plaque or bacteria
becoming trapped in a periodontal
pocket (27). As described above, we
found that high-mobility-group box 1
was localized in both the nucleus and
the cytoplasm of epithelial cells in
gingival tissues of chronic perio-
dontitis. Thus, we next explored high-
mobility-group box 1 release from
gingival epithelium stimulated with
tumor necrosis factor-a in virro. High-
mobility-group box 1 was released
constitutively. and abundantly into
culture medium from both rat gingival
epithelial cells and Ca9-22 cells in a
dose-dependent (Fig. 3A) and time-
dependent (Fig. 3B) manner. No high-
mobility-group box 1 was detected in
the media from either cell type before
stimulation. High-mobility-group” box
1 release increased in proportion to the
tumor necrosis factor-a concentration
until 10 ng/mL and was present at
similar levels for. samples from both
cell types (Fig. 3A). Beyond 20 h, the
trend of increasing high-mobility-
group box 1 release by tumor necrosis
factor-u reached a plateau, probably
because of saturation (Fig. 3B).
High-mobility-group box 1 is pas-
sively released upon necrotic cell death
(6). It was therefore important to
ascertain that high-mobility-group box
1 release was from viable rat gingival
epithelial cells and Ca9-22 cells, rather
than a result of the cytotoxicity of
tumor necrosis factor-a. To address
this issue, rat gingival epithelial cells
and Ca9-22 cells were exposed to var-
ious concentrations of tumor necrosis
factor-o for up to 24 h, and the cell
viabilities were analyzed by the MTT
assay. No tumor necrosis factor-a
concentration up to 10 ng/mL (i.e. the
highest concentration tested in this
study) exerted cytotoxic effects on the
cells (Fig. 3C), indicating direct
dependency of the high-mobility-group



80 Morimoto et al.

A

Periodontitis

Healthy

control 1aG _
j25 )

N

x100

x400

x100

Fig. 2. Cytoplasmic high-mobility-group box 1 expression in inflamed gingival tissues.
(A) High-mobility-group box 1 expression in inflamed gingival tissues. The arrow and

arrowhead indicate high-mobility-group box 1 positivity in both the nucleus and cytoplasm of

gingival epithelial cells, respectively (a and d). Healthy gingival tissues show high-mobility-
group box 1 localization in the nucleus (arrow, g and j). Hematoxylin and eosin staining was
employed at the same time (c, f, i and I). Magnifications: x100 (rows 1 and 3) and X400 (rows 2
and 4). (B) Double immunostaining of high-mobility-group box 1 antibody (green) and a
human macrophage marker (CD68; red). High-mobility-group box 1 shuttled to the periphery
of the nucleus (yellow arrow). The white arrows indicate CD68-positive staining. Magnifi-
cations: x100 (upper row of panels) and x400 (lower row of panels). DAPI, 4, 6-diamidino-2-
phenylindole; H.E., hematoxylin and eosin; HMGBI, high-mobility-group box 1.

box 1 release from viable gingival epi-
thelial cells upon tumor necrosis
factor-a exposure. The similar high-
mobility-group box 1 up-regulation
patterns between primary cell cultures
of rat gingival epithelial cells and the
cell line Ca9%9-22 (Fig. 3A,B) suggest
that Ca9-22 cells can serve as a suitable
model for further studies on the regu-
lation of high-mobility-group box |
synthesis.

The biological effects of tumor nec-
rosis factor-a are mediated through its
interaction with two distinct receptors,
tumor necrosis factor receptor 1 (p55)
and tumor necrosis factor receptor
(p75), on target cells (28). High-
mobility-group box 1 up-regulation is
correlated with the extent of chronic
diseases, such as rheumatoid arthritis
(8). We performed blocking studies
using neutralizing antibodies against

tumor necrosis factor receptor 1 and
tumor necrosis factor receptor 2 over-
laid on the cells before stimulation with
tumor necrosis factor-a, and detected
high-mobility-group box 1 release into
the supernatants. These blocking
studies revealed inhibition of -tumor
necrosis factor-a-induced high-mobil-
ity-group box 1 release by the tumor
necrosis factor receptor l-neutralizing
antibody (Fig. 3D), whereas the tumor
necrosis factor receptor 2 neutralizing
antibody had no effect (data not
shown). Simultaneous incubation with
both anti-tumor necrosis factor recep-
tor immunoglobulin showed no
cumulative inhibitory effect (data not
shown). Taken together, these results
indicate that high-mobility-group box
1 release from Ca9-22 cells can be
induced through tumor necrosis factor-
a/tumor necrosis factor receptor 1
ligation.

P38MAPK-mediated tumor necrosis
factor-a-induced high-mobility-group
box 1 release

MAPKSs are involved in tumor necrosis
factor receptor 1-initiated signal
transduction in some cells (29,30),
resulting in increased high-mobility-
group box 1 release (10,31). To clarify
the pathway recruited in Ca9-22 cells
in response to the persistent presence
of tumor necrosis factor-o, we investi-
gated the activation of Jun N-terminal
kinase 1/2, p38MAPK and p44/42 by
western blot analyses with antibodies
that specifically recognize each kinase
or its phosphorylated form (Fig. 4A).
Phosphorylation of Jun N-terminal
kinase 1/2 (Fig. 4A, top panel) and
p38MAPK (Fig. 4A, middle panel)
was detected within 3.5 min of expo-
sure to tumor necrosis factor-o and
sustained until 30 min after exposure.
Tumor necrosis factor-a also induced
the phosphorylation of p44/42 within
15 min of exposure, followed by a
sudden decrease (Fig. 4A, bottom
panel). In parallel, our results also
revealed specific inhibition of all
MAPK isoforms following pre-incu-
bation with their respective inhibitors
(Jun N-terminal kinasel/2: SP600125;
p38MAPK: SB203580; p44/42: U0126;
Fig. 4A, last lanes of each panel).
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Fig. 3. Tumor necrosis factor receptor 1-dependent high-mobility-group box 1 release into
the supernatants of cultured gingival epithelial cells. (A) Rat gingival epithelial cells (upper
panel) and Ca9-22 cells (lower panel) were incubated with various concentrations of tumor
necrosis factor-a (1, 5 or 10 ng/mL) for 12 h. (B) Rat gingival epithelial cells (upper panel)
and Ca9-22 cells (lower panel) were incubated with 5 ng/mL of tumor necrosis factor-a for 0,
8, 12, 16 or 20 h, before aliquots of the supernatants containing equal amounts of protein
were separated by sodium dodecyl sulfate-polyacrylamide gel electrophoresis and analyzed
by western blotting. (C) Cell viability as a function of tumor necrosis factor-a concentration.
Cells were incubated with various concentrations of tumor necrosis factor-o (1-10 ng/mL).
Cell viability was measured, after 24 h, by the 3-(4,5-dimethylthiazol-2yl)-2,5-diphenol
tetrazolium bromide (MTT) assay, as described in the Material and methods. (D) Inhibition
of high-mobility-group box 1 by a tumor necrosis factor receptor 1-neutralizing antibody.
Ca9-22 cells were pre-incubated with a tumor necrosis factor receptor 1-neutralizing anti-
body for 1 h before being stimulated with 5 ng/mL of tumor necrosis factor-o for 12 h.
Aliquots of the supernatants containing equal amounts of protein were separated by sodium
dodecyl sulfate-polyacrylamide gel electrophoresis and analyzed by western blotting. The
results of duplicate experiments are shown. Ab, antibody; HMGBI, high-mobility-group box
1; rGEC, rat gingival epithelial cells; TNF-a, tumor necrosis factor-o; TNFRI, tumor nec-
rosis factor receptor 1.

Next, we endeavored to confirm the
specificity of the U0126 inhibitory
effects. We showed, in Fig. 4B (top
panel), that UQ126 selectively ablated
the tumor necrosis factor-a-activated
phosphorylation of p44/42 (top panel),
but did not affect the levels of phos-
pho-p38 or phospho Jun N-terminal
kinase 1/2. Interestingly, high-mobil-
ity-group box 1 protein was reduced to
about 30% (P < 0.05) following
SB203580 treatment, whereas U0126
and SP600125 had no significant effect
(Fig. 4C). These results clearly suggest
that the phosphorylation of p38MAPK
contributes to more than half of the
signaling initiated by tumor necrosis
factor-a-elicited high-mobility-group
box | release.

Discussion

The present study has shown that high-
mobility-group box 1 is present in
gingival tissues with chronic perio-
dontitis, released from gingival epithe-
lial cells and involved in excessive
inflammation regulated by the tumor
necrosis factor-a/p38MAPK pathway.
These results suggest that continued
release of high-mobility-group box 1
over time following stimulation can
act, at least in part, as an important
amplification signal for progressive
periodontal destruction.

In the present study, we found that
human gingival crevicular fluid in
chronic periodontitis contained high-
mobility-group box 1, whereas that

from healthy control subjects did not
(Fig. 1). In addition, high-mobility-
group box | was located in the nucleus
in healthy tissues, but translocated
from the nucleus to the cytoplasm of
epithelial cells in the chronic perio-
dontal tissues (Fig. 2A). This finding
implies that high-mobility-group box 1
is a highly motile protein that can
shuttle to the cytosol via nuclear pores
and be released from the cells into the
gingival crevice in the inflammatory
state. In Fig. 2, macrophages in the
connective tissue also expressed high-
mobility-group box 1, as reported
previously (8,10). Interestingly, high-
mobility-group box 1 was strongly
detected in gingival epithelial cells.
Therefore, we focused on the regulation
and expression of high-mobility-group
box 1 in gingival epithelial cells. To the
best of our knowledge, this is the first
report to demonstrate that gingival
epithelial cells are the source of
high-mobility-group box 1. Immuno-
histochemical results suggest that
translocation of high-mobility-group
box 1 in epithelial cells with periodon-
titis lesions may be affected by stimu-
lation with inflammatory mediators.
Accordingly, we next examined the

possibility of bridge formation between
tumor necrosis factor-a and high-
mobility-group box 1 in stimulated
gingival ~cells, and found a direct
dependency of high-mobility-group
box 1 extracellular release upon tumor
necrosis factor-o exposure. Specifically,
tumor necrosis factor-a induced high-
mobility-group box 1 release from rat
gingival epithelial cells and Ca9-22
cells in a dose- and time-dependent
manner. Previous studies have repor-.
ted delayed kinetics of high-mobility-
group box 1 secretion (8-24 h after
stimulation), compared with early
kinetics, such as tumor necrosis factor-
a and interleukin-1, which are secreted
within minutes of stimulation with
lipopolysaccharide (3;32,33). In keep-
ing with these in vitro secretion kinet-
ics, high-mobility-group box 1 was
found to increase in serum at 16-32 h
after treatment with lipopolysaccha-
ride in an experimental model (3). In
the present study, high-mobility-group
box 1 release into the supernatants
from rat gingival epithelial cells and
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Fig. 4. p38 Mitogen-activated protein kinase (MAPK) phosphorylation in Ca9-22 cells
treatcd with tumor necrosis factor-o, and its contribution to high-mobility-group box 1
release. (A) Cells were incubated with 5 ng/mL of tumor necrosis factor-a for 0—60 min, and
the activation of Jun N-terminal kinase 1/2 (top), p38MAPK (middle) and p44/p42 (bottom)
was determined by western blot analyses using antibodies that specifically recognize the
activated or inactivated forms of these kinases. In the last lanes of panel A, cells were
premixed for 1 h with 1 um SB203580, U0126 or SP600125, and were then incubated in the
presence of 5 ng/mL of tumor necrosis factor-o for 7.5 min (top and middle) or 15 min
(bottomy). (B) Cells were pré-incubatcd for 1 h with 1 pm U0126 before the addition of 5 ng/
mL of tumor necrosis factor-o for 15 min, and then were evaluated by western blot analysis
using phospho-p44/p42 (top panel), phospho-Jun N-terminal kinase 1/2 (second panel) and
phospho-p38MAPK (third panel) antibodies. (C) Cells were premixed for 1 h with 1 um
SB203580, U0126 or SP600125 and were then incubated in the presence of 5 ng/mL of tumor
necrosis factor-a for 12 h. Aliquots of the supernatants containing equal amounts of protein
were separated by sodium dodecy! sulfate-polyacrylamide gel electrophoresis and analyzed
by western blotting. The high-mobility-group box 1 suppression levels were evaluated using
computer-generated images and are shown relative to the highest high-mobility-group box 1
concentration, which was set as 100. *p < 0.05, n = 3 in cach group. The values are pre-
sented as means + standard deviation. JNK, Jun N-terminal kinase; TNF-a, tumor necrosis
factor-a.

Ca9-22 cells was only detected after the
cells had been exposed to tumor nec-
rosis factor-a for at least 8 h, and the
secretion continued for an unusually
long period (20 h).

The signaling pathways of MAPKs
(p38MAPK, p44/42 and Jun N-ter-
minal kinase) play important roles in
inflammatory diseases, such as. septic
shock, rheumatoid arthritis, athero-
sclerosis and periodontitis, as well as in
other physiological processes (10,34—
38). We found that p38MAPK-
mediated high-mobility-group box 1
secretion is stimulated by tumor
necrosis factor-a, consistent with a

previous study showing that lipo-
poly saccharide-induced high-mobil-
ity-group box | release is mediated
through the p38MAPK signaling
pathway (31). However, another recent
study reported that high-mobility-
group box 1 release occurs independ-
ently of p38MAPK (10). This
discrepancy may be caused by differ-
ences in the cell types and stimulants
examined.

In previous studies, tumor necrosis
factor-o was reported to induce cytoki-
ne release (39,40), and the addition of
high-mobility-group box 1 was reported
to induce de novocytokine synthesis [e.g.

tumor necrosis factor-a, interleukin-la,
interleukin-18, interleukin-6, interleu-
kin-8, macrophage-inflammatory pro-
tein-1a and macrophage-inflammatory
protein-1B but not interleukin-10 or
interleukin-12 (41)]. In the present
study, we demonstrated that high-
mobility-group box 1 release was
promoted by tumor necrosis factor-o.
Therefore, both tumor necrosis factor-a
and the endogenous high-mobility-
group box 1 may be involved in the
up-regulation of cytokine production.
Accordingly, cytokine release by tumor
necrosis factor-o should be considered
to be a result of the involvement of
endogenous high-mobility-group box 1.
Further studies using neutralizing anti-
high-mobility-group box 1 immuno-
globulin are needed to confirm this.
Taken together, we have demonstra-
ted that high-mobility-group box 1
release from gingival epithelial cells
stimulated by tumor necrosis factor-a
may be involved in the progression of
periodontitis. Therefore, understanding
the mechanisms of high-mobility-group

box 1 may lead to novel therapeutic ~

approaches in chronic periodontitis.
Further studies are still required to
examine the roles of high-mobility-
group box 1 in periodontal pathology.
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HMGBI release in co-cultures of porcine
endothelial and human T cells
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Abstract: High mobility group box-1 (HMGB]) protein, primarily from
the nucleus, is released into the extracellular milieu either passively by
necrotic or damaged cells, or actively by secretion from monocytes/
macrophages. Extracellular HMGBI acts as a potent inflammatory
stimulator by promoting cytokine (for example, tumor necrosis factor-a)
production, and also has pro-coagulant activity. The signaling pathway
initiated by receptor for advanced glycation end-product (RAGE),
which is the HMGBI receptor, also induces complement activation.
Recent studies have implicated HMGBI in acute cardiac allograft
rejection, and have identified infiltrating T cells and other damaged cells
as its main sources. HMGBI blockade using the anti-HMGBI1 antibody
HMGBI box-A (amino-terminal region) and soluble RAGE rescues
mice from acute rejection. We therefore studied the release of HMGBI
in co-cultures of porcine aortic endothelial cells (PAEC) and human
leukocytes. Human T cells, but not B cells, monocytes or neutrophils,
stimulated significant HMGBI release in culture with PAEC; this
activity required cell-cell contact and was dose-dependent, as deter-
mined by Western blotting. The released HMGBI originated from both
cell types, as immunofluorescent microscopy showed that it was present
in the cytosol of PAEC in contact with T cells, and had disappeared
from the T-cell nuclei. These results demonstrate that direct interactions
between PAEC and T cells might be a key factor in triggering HMGBI
release, which suggests that HMGBI is associated with graft rejection in
the early phase.
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Introduction

Xenotransplantation, especially the transfer of pig
organs to humans, has been widely studied as a
solution to the shortage of human donor organs.
The greatest problem with xenotransplantation is
the immunological reaction mounted by the host
against non-self grafts. Although the contribution
of innate and adaptive immunity to hyperacute
rejection (HAR) has been studied extensively for
decades, it remains the biggest challenge for
xenotransplantation. Recently, the generation of
a-1,3-galactosyltransferase knock-out pigs, which
lack the major epitope against which natural
human antibodies are produced, has provided a
source of organs that should eliminate HAR [1-3].
However, as other processes, including vascular
rejection and complement activation, remain
active, the mechanisms involved in graft rejection
require further investigation.

High mobility group box-1 (HMGBI) protein is
a promising therapeutic target for the treatment of
graft rejection. Blockade of HMGBI1 using anti-
HMGBI antibody, HMGBI1 box-A (amino-termi-
nal region) and soluble receptor for advanced
glycation end-product (RAGE) has been shown to
rescue mice from acute organ rejection [4,5].
HMGBI1 has pleiotropic effects both inside and
outside cells. In the nucleus, HMGBI1 promotes the
assembly of other nuclear proteins on DNA by
bending the molecule [6]. Extracellular HMGBI1
released from necrotic or activated cells triggers
cell permeability, cell recruitment, cell—cell attach-
ment, cytokine production (tumor necrosis factor-
o [TNF-a], interleukin-8, and C-reactive protein),
T-cell activation, T-helper 1 (Thl)-cell polariza-
tion, dendritic-cell maturation, tissue regeneration
and coagulant activation [7-17]. By contrast,
signaling from the RAGE, the HMGBI receptor,
activates complement [18]. HMGBI1 might there-
fore play a pivotal role as an enhancer of inflam-
matory responses in acute rejection, although this
has yet to be confirmed.

The current study focused on whether the
interactions between porcine aortic endothelial
cells (PAEC) and human leukocytes (T cells, B
cells, monocytes and neutrophils) triggered
HMGBI release.

Materials and methods
Cell culture

Porcine aortic endothelial cells were purchased
from Cell Applications Inc. (San Diego, CA,
USA), and were cultured in porcine endothelial

HMGBI release requires cell—ell contact

cell growth medium (Cell Applications Inc.) sup-
plemented with 100 U/ml penicillin and 100 mg/ml
streptomycin. The cells were used at 90% conflu-
ence, and the experiments were carried out in
RPMI11640 (Sigma-Aldrich, St. Louis, MO, USA)
containing 2% fetal bovine serum (FBS; HyClone,
Logan, UT, USA).

Isolation of leukocytes

Human leukocytes were harvested from whole
blood containing 3.8% (w/v) sodium citrate from
healthy volunteers, who had given their informed
consent. The cells were isolated by positive selec-
tion, as described previously [19]. Briefly, T cells, B
cells and monocytes were isolated using Lympho-
prep tubes (Axis-Shild, Oslo, Norway), and neu-
trophils were isolated using Mono-poly resolving
medium (Dainippon Sumitomo Pharmaceutical
Co. Ltd., Tokyo, Japan). Using a cell isolation
kit according to the manufacturer’s protocol,
CD3*, CD19", CDI14" and CD15" cells were
isolated by a magnetic cell sorting system (Miltenyi
Biotec, Bergisch, Gladbach, Germany). The purity
of the cells was >95% as assessed by flow
cytometry.

Interactions between human leukocytes and PAEC

Approximately 1.0 x 10° PAEC were seeded into
each well of six-well plates. The next day, the
PAEC were washed with RPMI1640 medium
containing 2% FBS, and then 1 ml RPMI1640
medium was added to each well. The PAEC were
incubated with 1.0 x 10® leukocytes (T cells, B
cells, monocytes and neutrophils) per well, either
together in the well or in a Falcon cell culture insert
(Becton Dickinson Labware, Franklin Lakes, NJ,
USA). After 3 h, 2 ml samples of the supernatants
were collected from the co-cultured cells.

Western blotting

The HMGBI content of the culture supernatants
described above was analyzed by western blotting,
as described previously [15,17]. Briefly, each cul-
ture supernatant was incubated with 50 ml hepa-
rin-Sepharose 6B beads for 4 h. The heparin beads
were then washed three times with 10 mm phos-
phate buffer (pH 7.0), mixed with 50 ml sample
buffer (62.5 mm Tris-HC! [pH 6.8], 2% sodium
dodecyl sulfate [SDS], 10% glycerol and 0.002%
bromophenol blue) and boiled for 5 min. These
HMGBI samples (40 ul) were subjected to 12%
SDS-polyacrylamide gel electrophoresis (PAGE),
and the separated proteins were then transferred to
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a nitrocellulose membrane (Amersham Biosciences, clonal antibody for 1 hat RT, and then washed with
Piscataway, NJ, USA). The membrane was blocked PBST. The slides were incubated with Alexa Fluor
with 5% non-fat dry milk in tris-buffered saline 594-labeled goat anti-rabbit IgG (Invitrogen, Carls-
(TBS; pH 7.4) containing 0.02% Tween 20 (TBST) bad, CA, USA) for 1 h, washed with PBST and
for 1 h at room temperature (RT), and then finally labeled with 4’,6-diamidino-2-phenylindole
incubated with 2 pg/ml anti-HMGBI1 antibody (DAPI; Nakalai Tesque, Kyoto, Japan) to visualize

(Shino-Test, Kanagawa, Japan) in TBST containing the cell nuclei. After washing, the slides were
1% non-fat dry milk for 3 h at RT. After washing, examined using an Axioskop microscope (Carl
the membrane was incubated with horseradish Zeiss, Oberkochen, Germany).

peroxidase (HRP)-conjugated anti-rabbit immuno-
globulin G (IgG) polyclonal antibody (Santa Cruz
Biotechnology Inc., Santa Cruz, CA, USA) diluted : ,
1 : 3000 in TBST containing 2.5% non-fat dry milk The intensity of the protein bands on the western

Statistical analysis

for 1 h at RT. The membrane was washed again, blots was quantified using National Institutes of
and then the immunoreactive bands were visualized Health (NIH, Bethesda, MD, USA) Image 1.63
using the ECL detection system (Amersham Bio- software. The statistical significance of differences
sciences). in band intensities was determined using the.

Student’s t-test and a P-value of 0.05 was taken
. to be significant.

Immunofluorescent microscopy

Immunofluorescent microscopy was carried out as
described previously [15,16]. Briefly, 5 x 10° PAEC Results

per well were cultured in four-well BioCoat collagen N :

I culture slides (Becton Dickinson Labware) with HMGB1 release in co-cultures of PAEC and T cells, but not other

human T cells (5x 10° cells/well) for 3 h. As °UKoovtes

controls, PAEC and T cells were cultured separately We hypothesized that interactions between donor
in slide chambers. All of the slides were washed with and recipient cells triggered HMGBI1 release.
phosphate-buffered saline (PBS), incubated with Recent studies have implicated HMGBI1 from
fluorescein isothiocyanate (FITC)-labeled anti-hu- infiltrating inflammatory cells in graft rejection

man CD3 antibody (Becton Dickinson Labware) for [4,5]. Therefore, by co-culturing PAEC with leuko-
15 min, and then fixed with 250 ul OptiLyse C cytes,. we investigated whether cell-cell contact

(Becton Dickinson Labware) containing 0.1% Tri- triggered HMGBI1 release. Initially, leukocytes,
ton X100 (Sigma-Aldrich). The slides were blocked including lymphocytes, monocytes and neutrophils,
with 1% bovine serum albumin (BSA) in PBS - harvested from whole blood cells containing 0.3%

~ containing 0.1% Triton-X100 (PBST) for 1h, citrate using Mono-poly resolving medium, were
incubated with 1 mg/ml rabbit anti-HMGB1 poly- added to wells containing PAEC or to Falcon cell

A - HMGB1 B ~ uMGe1  © e e i | HMGB1
100 25 40 e
g 751 | g [ 3 :
|
é 50 g1 £
= =
O T Chamber 1 O oS 2
-+ + + T/B/MN 0l = 05 140 20
+ + + - PAEC C T B M N CD3* (x109)

Fig. 1. High mobility group box-1 (HMGBI) release results from cell—cell interactions between porcine aortic endothelial cells
(PAEC) and T cells. (A) Western blots showed that HMGBI release resulted from cell—cell interactions between PAEC and human T
cells, but did not occur when the two cell populations were separated by Falcon cell culture inserts. Culture supernatants were
collected after 3 h, HMGBI was extracted with heparin-Sepharose and separated by 12% SDS-PAGE for blotting. HMGBI bands
were detected with anti-HMGBI1 antibody. (B) Western blots showed that HMGBI release was triggered by cell-cell interactions
between PAEC and human T cells, but not B cells,=monoc°ytes or neutrophils. Different leukocyte populations were purified from
whole blood, and 1.0 x 10° cells were cultured with 1.0 x 10® PAEC for 3 h. (C) Quantification of western blots showed that HMGBI
release increased as increasing numbers of T cells were co-cultured with PAEC for 3 h. The protein bands were measured using NIH
image 1.63 software. :

638

—88—



culture inserts in the wells, and co-cultured for 3 h.
As shown in Fig. 1A, there was a 66-fold greater
amount of HMGBI! in supernatants in which
PAEC and leukocytes had been in direct cell-cell
contact compared with the controls, but no signif-
icant release of HMGBI1 was detected when the
cells were separated by Falcon cell culture inserts.

To further investigate these results, we examined
which leukocytes triggered HMGBI release by
separating T cells, B cells, monocytes and neu-
trophils, and incubating the different populations
with PAEC for 3 h. As shown in Fig. 1B, T cells
triggered a 15-fold increase in HMGBI release by
direct interactions with PAEC, while B cells,
monocytes and neutrophils did not. Moreover, as
shown in Fig. 1C, incubating increasing numbers
of T cells (from 0.5 to 2.0 x 10° cells/well) with
PAEC induced dose-dependent increases in the
levels of HMGBI release, suggesting that the
interactions between PAEC and T cells triggered
the HMGBI release.

HMGB1 release by interactions between PAEC and T cells

We next assessed whether the HMGB1 released
into the supernatant originated from the PAEC
or the T cells, using immunofluorescent micros-
copy. PAEC were incubated with or without T
cells in four-slide culture chambers for 3 h. As
shown in Fig. 2, in co-cultures of PAEC and T
cells, HMGBI was translocated into the cytosol
of the PAEC (arrows in Fig. 2) from the nucleus.
By contrast, in the T cells, HMGB! disappeared
from the nuclei (arrowheads in Fig. 2). However,
T cells and PAEC that were not in direct contact
with each other failed to release HMGBI,

DAPI CD3

HMGB1

HMGBI release requires cell—cell contact

suggesting that cell-cell interaction is a signifi-
cant factor in triggering HMGBI release.

Discussion

We have demonstrated for the first time that cell-
cell interactions between PAEC and T cells trigger
HMGBI release, while B cells, monocytes and
neutrophils co-cultured with PAEC do not have a
similar effect. We have also shown that HMGBI1
release increases as the number of T cells in contact
with the PAEC increases. ‘

Several lines of evidence suggest that HMGBI1
might play a major role in graft rejection. Firstly,
the administration of thrombin and HMGBI
together in rats resulted in excessive fibrin deposi-
tion, demonstrating pro-coagulant activity [14],
and the RAGE signaling pathway, in which
HMGBI is a ligand, activates complement [18],
suggesting that HMGB1 might contribute to both
vascular events and complement activation in acute
rejection. Secondly, treatment of allograft recipi-
ents with RAGE, anti-HMGBI1 antibody or
HMGBI! box-A (amino-terminal region), which
specifically block endogenous HMGBI, signifi-

cantly prolonged the survival of transplanted
hearts in murine models [4,5].

Our data also showed that the mteractlons
between PAEC and T cells specifically triggered
HMGBI release in vitro, and that the optimal time
for HMGBI release was 3 h under our conditions
(data not shown). We previously reported that the
sources of extracellular HMGBI1 were activated
monocytes/macrophages, vascular smooth-muscle
cells and epithelial cell lines [15-17,20]. Other work
has shown that endothelial cells induce HMGBI

MERGE

" T cell+
PAEC

PAEC

Fig. 2. Cellular localization of high mobility group box-1 (HMGBI) in interacting porcine aortic endothelial cells (PAEC) and T
cells. PAEC and T cells were incubated together in slide chambers for 3 h. As controls, PAEC and T cells were also cultured
separately. The slides were fixed and incubated with FITC-labeled anti-CD3 and anti-HMGBI antibodies. After washing, the slides
were incubated with Alexa Fluor 594-labeled goat anti-rabbit IgG. Nuclei were labeled with DAPI. Original magnification was x400.
Arrowheads indicate the disappearance of HMGBI from the nuclei of T cells incubated with PAEC. Arrows indicate the translo-
cation of HMGBI in PAEC, resulting from interactions with T cells.
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release [21], suggesting that it can be induced by all
cell types. Interestingly, we used immunofluores-
cent microscopy to demonstrate that HMGBI
release resulted from interactive cell-cell stimula-
tion, and originated form both PAEC and T cells.
However, monocytes, neutrophils and B cells did
not trigger HMGBI release under our conditions,
suggesting that the period of time for which these
cells were co-cultured with PAEC might not have
been sufficient for HM GBI release.

Moreover, HMGBI! was released from cells
activated by TNF-a, interferon-y and lipopoly-
saccharide or necrotic cells, suggesting that this
activity might have been triggered by cytokines in
our study. However, previous reports - have
implied that cytokine induction by cell—cell inter-
actions occurs after >24 h culture [22], and not
within' 3 h. Although it is possible that HMGBI

release induced by cell-cell interactions (especially

by CD8 T cells) might be caused by cell death, the
death of T cells and PAEC was not induced by
cell-cell interactions for 3h in a 3-(4,5-di-
methylthiazol-2-yl)-2,5-diphenyltetrazolium bro-
mide assay (data not shown). Furthermore, the
mechanism of HMGB1 release has been suggested
to involve interactions between vascular cell-
adhesion protein 1 (VCAM-1) or E-selectin of
endothelial cells and molecules of T cells. Resting
and activated T cells induced VCAM-1 and
E-selectin expression by endothelial cells, but not
.other cell types, after 2 to 4 h [22]. Therefore,
interactions between T cells co-cultured with
PAEC specifically triggered the release of
HMGBI, but not other factors, such as cytokine
induction and cell death induced by CD8 T cells.

Although recent studies have suggested that
damaged cells and infiltrating T cells are the source
of HMGBI in tissue grafts [4,5], HMGBI release
might have been initiated when the recipients were
challenged with donor tissue, further suggesting
that the source of HMGBI in vivo might be the
blood vessels. Moreover, HMGB1 release might
not be an entirely immunological effect, but might
occur merely as-a result of cell-cell interactions.
We believe that this finding suggests a new thera-
peutic approach to the control of HMGBI release.
We plan to further investigate the mechanism of
HMGBI release using in vivo graft rejection
studies, in order to identify the molecules on
PAEC and T cells that are involved.

To the best of our knowledge, this is the first
report to demonstrate that the interactions of
PAEC and T cells directly trigger HMGBI release.
The HMGBI released from these cells has the
potential to amplify graft rejection and, in addition,
could contribute to the accumulation of inflamma-
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tory cells in transplanted organs, thereby further
promoting the development of graft rejection.
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High mobility group box 1 and refeeding-resistance

in anorexia nervosa

Molecular Psychiatry (2007) 12, 976-977;
doi:10.1038/sj.mp.4002050

Anorexia nervosa (AN) is a serious disorder affecting
adolescents and young adults, and decreases quality
of life over long period." Successful weight restoration
is an important prognostic factor for disease out-
come;! however, the underlying mechanism of refeed-
ing-resistance (RR), a core psychopathology relevant
to ‘ambivalent’ eating behaviors, remains unclear in
this disorder.?™*

High mobility group box 1 (HMGB1), a ubiquitous
DNA binding protein,® plays various extracellular
roles as a proinflammatory cytokine, an immune
adjuvant, a repair factor for injured tissues and a
mediator of anorexia.>*? We therefore investigated
whether serum HMGB1 levels are associated with
acute conditions, refeeding progress or RR in patients
with AN.

Eleven female in-patients admitted to Kagoshima
University Hospital (age: 23.24 7.8 years; duration of
illness: 3.94+4.2 years), who met the DSM-IV criteria
for restricting type AN, were consecutively enrolled
between January and December 2006. Eleven control
participants (age: 23.0+2.2 years; body mass index
(BMI): 19.8+1.8kg/m?; fasting blood glucose (FBS):
4.940.4mmol/l; serum aspartate aminotransferase
(AST): 16.8+2.91U/1) were recruited from the local
community. Inclusion criteria are described else-
where.?* The Institutional Committee of Kagoshima
University approved the protocol, and written in-
formed consent was obtained from all participants.

During the first hospital week (observation (OB)
period), no therapeutic intervention was applied.>*?
On day 7, baseline assessment was made, including
body weight (BW), mean values of daily energy intake
(EI) and proinflammatory cytokines using high-sensi-
tivity assay such as tumor necrosis factor (TNF}-a,
interleukin (IL)-18 (R&D Systems, Minneapolis, MN,
USA for both) and IL-6 (Fujirebio Inc., Tokyo, Japan).
Serum HMGB1 assay via ELISA was performed
(Shino-test Corporation, Kanagawa, Japan).®

Thereafter, all patients started the same 12-week
treatment program consisting of nutritional rehabili-
tation and cognitive behavior therapy.>*-° Total daily
EI started at 1000kcal and increased by 200kcal/
week. After completely eating served meals for 1
week, patients were allowed to start the next EI stage.
After 1600kcal/day, weight gain >0.5kg/week was
required.>*? If the patient failed for two consecutive
weeks owing to fear of obesity (RR period), a second
assessment was performed on day 14 of that period.

Changes between baseline and the second assessment
were determined for serum HMGB1 (delta HMGB1),
daily EI (delta EI} and BW (delta BW). We also
recorded BW changes during the week before the
second assessment (deltas BW-RR). Between-group
comparisons were performed by Student’s t-test or
one-factor analysis of variance followed by Bonferroni
correction using Stat View 5.0.1 (SAS Institute
Inc., Cary, NC, USA). Results were expressed as
mean + s.d. Significance was set at P<0.05.

All patients experienced the RR period (mean time
to this period: 9.742.2 weeks). AN patients during
the OB and RR periods showed significantly lower
BMI (13.6+1.8 and 14.4+1.8kg/m?* respectively)
and FBS values (4.1+0.3 and 4.3+0.2 mmol/], res-
pectively) than controls (P<0.0001 for both). AN
patients during the RR period differed from those
during the OB period in daily EI (1827+155 vs
1163+ 233 kcal, P<0.0001) and serum AST (23.8+5.2
vs 53.3+45.6IU/], P<0.05). No significant group
effects were detected in cytokines. AN patients during
the RR period showed significantly higher HMGB1
values than those during the OB period or controls
(P=0.002; Figure 1). Delta HMGB1 was positively
correlated with delta EI (r=0.73; P=0.01) and delta
BW (r=0.80; P=0.003) and negatively correlated with
delta BW-RR (r=-0.61; P=0.04).

This study suggests that serum HMGB1 levels may
be related to not only refeeding progress (that is, delta
BW and delta EI) but also RR (that is, delta BW-RR).
Together with these variables, serum HMGB1 levels
may form an RR loop in AN patients.

Elucidation of the underlying mechanism of HMGB1
release remains limited. HMGB1 is released passively
by necrotic or damaged cells and actively by mono-
cyte/macrophages via proinflammatory cytokines.*~”
Normalization of malnutritional abnormalities (for
example, serum AST) during the RR period may not
support the earlier pathway, and our cytokine results
may not support the latter pathway. However, recent
studies on AN have yielded inconsistent results, with
either increased or unchanged serum levels of IL-18,
IL-6 and TNF-a;'° thus, further studies with a larger
sample size are needed to investigate the relationship
between serum HMGB1 and cytokine levels in anor-
exics. Delta HMGB1 values related to refeeding
progress suggests that nutritional factors may play an
important role in HMGB1 release in anorexics.

The small sample size and lack of examination of
central HMGB1 activities may limit this study.
HMGB1-induced anorexia is mainly mediated by
intracerebral effects;” thus, further studies on these
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(a) Serum high mobility group box 1 (HMGB1) concentrations in anorexics at baseline assessment during

the observation period (OB period), anorexics at the second assessment during the refeeding-resistant period (RR period)
and controls. Bars indicate mean values. *P<0.005 vs the RR period. (b) Correlation between changes in serum HMGB1
concentrations (delta HMGB1) and daily energy intake (delta EI) between baseline and the second assessment. (¢) Correlation
between delta HMGB1 and changes in body weight (BW) between baseline and the second assessment (delta BW).
(d) Correlation between delta HMGB1 and changes in BW during the week before the second assessment (delta BW-RR).

issues are needed in anorexics. Nonetheless, our
findings indicate a close relationship between serum
HMGB1, refeeding progress and RR that warrants
future investigations as a potential therapeutic target
in AN.
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Two Cases of Acute Exacerbation of Interstitial Pneumonia
Treated with Polymyxin B-immobilized Fiber Column
Hemoperfusion Treatment
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Abstract

The effect of polymixin B-immobilized fiber column (PMX) hemoperfusion treatment for acute exacerba-
tion of interstitial pneumonia (IP) has been reported. Here, we report 2 cases of acute exacerbation of TP suc-
cessfully treated with PMX hemoperfusion. One is a 55-year-old woman who was diagnosed as microscopic
polyangiitis (MPA) with IP. The other is a 58-year-old man, diagnosed as having idiopathic pulmonary fibro-
sis. Both cases were treated with PMX hemoperfusion and other therapies. One died on day 44 and the other
is still alive. The PMX hemoperfusion treatment decreased the serum levels of several cytokines and activated

neutrophil percentage in bronchoalveolar lavage fluid.

Key words: bronchoalveolar lavage fluid cells, CD18+/CDl1lc, high mbbility group box-1 (HMGB-1)

(DOI: 10.2169/internalmedicine.46.0117)

Introduction

Case Report

Acute exacerbation of idiopathic pulmonary fibrosis (IPF)
is a well-recognized concept (1-3) and that of other IPs, in
particular those related to collagen vascular diseases have
been also reported (4, 5). However, effective treatments are
not well-established and mortality of these patients has been
reported to be high during the short course (3, 6, 7). Recent
reports have suggested that the use of polymixin B-
immobilized fiber column (PMX) hemoperfusion treatment
may be effective in patients with acute lung injury (ALI)/
acute respiratory distress syndrome (ARDS) and acute exac-
erbation of idiopathic pulmonary fibrosis(IPF) (8-11). Here,
we report two cases of acute exacerbation of IP treated with
PMX hemoperfusion treatment. We also show the flow-
cytometry results of bronchial lavage fluid (BALF) cells and
change of serum cytokine levels before and after PMX he-
moperfusion.

Case 1

A 55-year-old woman was admitted to our hospital in
June 2006 because of dyspnea and cough. One year before
admission, she was diagnosed as having microscopic poly-
angiitis with interstitial pneumonia because renal biopsy
showed crescentic necrotizing glomerulonephritis and her se-
rum myeloperoxidase antineutrophil cytoplasmic autoanti-
body (MPO-ANCA) by enzyme-linked immunosorbent as-
say (ELISA) was very high (1,937 U/ml, normal range, <9).
The chest X-ray and chest high-resolution computed to-
mography (HRCT) scans showed reticular shadows, ground
glass opacities and peripheral subpleural thickening. Her
pulmonary symptoms and renal malfunction was improved
via the treatment with prednisolone and cyclophosphamide.
Three days before admission she developed dyspnea on ef-

' Division of Respiratory Medicine, Respiratory and Stress Care Center, Kagoshima University Hospital, Kagoshima, ? Division of Intensive Care
Medicine, Kagoshima University Hospital, Kagoshima and * Department of Laboratory and Vascular Medicine Cardiovascular and Respiratory
Disorders Advanced Therapeutics, Kagoshima University Graduate School of Medical and Dental Science, Kagoshima

Received for publication February 22, 2007; Accepted for publication May 21, 2007

 Correspondence to Dr. Wataru Matsuyama, vega@xa2.so-net.ne_jp



DOI: 10.2169/internalmedicine.46.0117

Before PMX treatment

After PMX treatment

I

MEPM 1.5g + PZFX Ig

+ VCM 1g + ST 12g/day

[ Sivelestat sodium hydrate 240mg/day ]
mpsLig 4 4 4 4} 4 4 [opsii2omgiday | omwday ]
| PSL 60mg/day |
| CyA 150mg/day }
PMX treatment PMX treatment
intubation extubation intubation tracheostomy
I ventilator l nasal oxygen I NPPV I ventilator !
t t t t t }
Jun 16 Jun 19 Jun 22 Jun 27 Jun 30 Jul 29
Pa0,/FiO,
400
300
200
100 N
0 B
Figure 1. A: Chest HRCT before and after the PMX hemoperfusion treatment of Case 1. Chest

HRCT showed improvement of the ground-glass opacity. B: Clinical course of Case 1.

fort and cough. Her symptoms became worse and she was
admitted to our hospital. Laboratory findings on admission
were as follows: white blood cell count (WBC) 9,700 mm’;
lactate dehydrogenase (LDH) 543 IU/L; C-reactive protein
(CRP) 7.43 mg/dl; KL-6 3,373 U/mL. Endotoxin and -D
glucan concentrations were under the detectable limits.
MPO-ANCA was 22.0 U/ml. Arterial blood gas analysis un-
der room air showed hypoxia and hypocarbia (pH 7.512,
PaCO: 33.3 mmHg, PaO: 57.2 mmHg). The chest HRCT

scans showed diffuse bilateral ground glass opacities
(Fig. 1A). The BALF anlaysis showed an increase in neutro-
phils with no obvious evidence of infectious disease (Ta-
ble 1). Her clinical course is shown in Fig. 1B. She was
treated with steroid pulse therapy (1 g of methylpredoniso-
lone per day for 3 days), Sivelestat sodium hydrate, and an-
tibiotics. However, the respiratory failure progressed and
mechanical ventilation was applied on day 3 after admis-
sion. On day 4 we started PMX hemoperfusion treatment
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Table 1. BALF Finding
Before PMX After PMX

Case 1
Total cell count (ful)  6.41 % 10° . 1.57% 108
Macrophage (%) 43 76
Lymphocyte (%) 16 1
Neutrophil (%) 41 12
Eosinophil (%) 1. 1
CD4/8 0.89 1.02
CDI8+/CDl1c+ (%) 34.3 11.2
CXCR2+ (%) 18.2 9.1
CCR2+(%) 18.4 9.3
CD3+/CD25+ (%) 21.8 22.1
CXCR3+ (%) 9.2 9.1
Bacteria ) -)
PJ-PCR “) )
Case 2
Total cell count (/ul)  0.9% 103 0.53x10°
Macrophage (%) 64 44
Lymphocyte (%) 16 17
Neutrophil (%) 16 36
Eosinophil (%) 3 3
CD4/8 2.6 1.7
CDI8+/CDlic+ (%) 13.1 9.2
CXCR2+ (%) 92 4.1
CCR2+ (%) 13.3 6.3
CD3+/CD25+ (%) 14.1 15.6
CXCR3+ (%) 72 - 7.4
Bacteria -) )
PJ-PCR ) )

PJ: Pneumocystis jiroveci

(Toraymixin 20R, Toray Medical Co., Tokyo, Japan, a flow
rate of 80 ml/min). Nafamostat mesilate (Torii Pharma Co.,
Tokyo, Japan) was used as an anticoagulant during the PMX
treatment. We performed PMX hemoperfusion treatment 3
times (2 hours, 22 hours and 20 hours). After treatment, the
PaO./FiO, (P/F) ratio improved from 64.2 to 229.4, and she
was successfully weaned from mechanical ventilation. Chest
HRCT showed improvement of the ground-glass opacity
(Fig. 1A). The laboratory findings at this point were as fol-
lows: lactate dehydrogenase (LDH) 243 TU/L; C-reactive
protein (CRP) 0.43 mg/dl; KL-6 2,139 U/mL. Endotoxin
and B-D glucan concentrations were under the detectable
limits. MPO-ANCA was 7.3 U/ml. BALF after treatment
showed decreased total cell counts and neutrophil percent-
age. Twelve days after the remission, she again developed
respiratory failure and we applied mechanical ventilation.
The respiratory failure progressed despite the therapy includ-
ing PMX hemoperfusion treatment and she died because of
respiratory failure 44 days after admission (41 days after the
first PMX hemoperfusion treatment. An autopsy was per-
formed, which showed diffuse alveolar damage with hyaline
membranes and -partial organization. Acute bronchopneu-
monia was found in the right lower lobe.

Case 2

A 58-year-old man was admitted to our hospital because
of dyspnea in December 2006. Three years before admis-
sion, health examination showed an abnormal chest shadow,

but he did not go to the hospital. Eight months before ad-
mission, he came to our hospital due to dyspnea on effort.
His chest HRCT revealed reticular opacities, honeycombing
and traction bronchiectasis with basal and peripheral pre-
dominance. There was no evidence of vascular collagen dis-
ease, hypersensitivity pneumonitis, pneumoconiosis, sarcoi-
dosis, or vasculitis. He was diagnosed as having IPF clini-
cally according to the criteria of American Thoracic Society/
European Respiratory Society (ATS/ERS) international con-
sensus statement (12). His mother had also suffered from in-
terstitial pneumonia and died because of respiratory failure.
Five days before admission, he developed dyspnea on effort
(Hugh-Jones dyspnea criteria” grade II) and cough. The
symptoms became worse (Hugh-Jones dyspnea criteria grade
IV) and he was admitted to our hospital. Laboratory find-
ings on admission were as follows: WBC 7,700 mm’; LDH
348 TU/L; CRP 8.32 mg/dl; KL-6 1,548 U/mL. Endotoxin
and B-D glucan concentrations were under the detectable
limits. Arterial blood gas analysis under room air showed
hypoxia (pH 7.425, PCO. 38.5 mmHg, PO: 36.1 mmHg).
Chest HRCT showed diffuse bilateral ground glass opacities
predominantly in lower lobe (Fig. 2A). BALF examination
showed an increase of neutrophil percentage with no evi-
dence of infection. His clinical course is shown in Fig. 2B.
We started antibiotics, steroid pulse therapy (1 g of methyl-
prednisolone per day for 3 days), cyclophosphamide pulse
therapy (500 mg of cyclophosphamide per day), and antibi-
otic therapy. On day 2 after admission, we started PMX he-



