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Dynamic Mobility of Immunological Cells Expressing S100A8
and S100A9 in vivo: A Variety of Functional Roles
of the two Proteins as Regulators in Acute Inflammatory

Reaction

Akiko Koike,"” Satoshi Arai,” Sachiko Yamada,' Akiko Nagae,1 Naoko Saita,' Hiroshi Itoh,’
Shinji Uemoto,’ Masayuki Totani,* and Masaki Ikemoto'

Abstract—The immunological properties of rat SI00A8 (r-S100A8) and SI00A9 (1-S100A9) in im-
mune cells are poorly understood. Enzyme-linked immunosorbent assay (ELISA) for --S100A9 en-
abled us to discuss the differential functional roles of the two proteins, and their localization in the cells
was observed microscopically. Recombinant human S100A8 (th-S100A8) or S100A9 (rh-S100A9)
were intravenously administrated into rats with LPS-induced liver damage. ELISA was used to measure
the serum concentration of S100A9 in the rats. Western blotting and a preparative ELISA were used to
prove specificity and avidity of monoclonal antibodies for r-S100A8 and r-S100A9. Immunohisto-
chemical staining was carried out to visualize intracellular localization of the two proteins in the immune
cells using the antibodies. When rh-S100A8 was intravenously injected in the rats (B group), the serum
concentration of --S100A9 apparently decreased as compared with that of the positive control rats (A
group). The activities of AST, ALT, and LD in the rat sera (B group) also significantly went down in
comparison with those of the rats (A group). Although both the SI00A8 and S100A9 were
abundantly expressed in activated immune cells, quite difference of not only their intracellular
localization but also distribution of the cells expressing the two proteins was microscopically
observed. In the rats (B group), less number of the immune cells or less amount of r-S100A8
and r-S100A9 in the cells than those of the rats (A group) was also seen. The r-S100A8 could
serve as a regulator of acute inflammatory reaction in the rats with LPS-induced damage.
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INTRODUCTION

S100A8 and S100A9, which are calcium-binding
proteins, belong to the S100 family, and are abundantly
expressed in immune cells of myeloid origin, such as

! Human Health Sciences, Graduate School of Medicine, Kyoto University,
53 Kawahara-cho, Shogoin, Sakyo-ku, Kyoto 606-8507, Japan

2 Immunological Laboratory, Diagnostic Division, Yamasa Shoyu Co.,
Ltd, Choshi, Chiba 288-0056, Japan

3 Department of Transplantation Unit, Kyoto University Hospital,
Kyoto, 606-8507, Japan

4 Graduate School of Human Life Science, Showa Women’s Univer-
sity, Tokyo, 154-8533, Japan

>To whom correspondence should be addressed at Human Health
Sciences, Graduate School of Medicine, Kyoto University, 53 Kawahara-
cho, Shogoin, Sakyo-ku, Kyoto 606-8507, Japan. E-mail: akkopin@gmail.
com

neutrophiles and macrophages. S100A8 and S100A9
(S100 proteins) were first found in the synovial fluid of
patients with rheumatoid arthritis [1], and were subjected
to subsequent investigation to elucidate their immuno-
logical functions [2—7]; however, comprehensive eluci-
dation of the immunological function of S100 proteins
has not been achieved. Thus, despite in-depth and
continuous study for three decades, the immunological
potential of the two proteins is still unclear. S100
proteins presumably play important roles intra- and
extracellularly because the mass of the S100 family
including S100A8/A9 amounted to more than 40% of

ABBREVIATIONS: Rat S100A8, r-S100A8; Rat SI00A9, r-S100A9;
Recombinant human S100AS8, rh-S100A8; Recombinant human S100A9,
rh-S100A9; LPS, Lipopolysaccharide; STA, Streptavidin; HRP, Horse-
radish peroxidase; FITC, Fluorescein S-isothiocyanate; SDS-PAGE,
Polyacrylamide gel electrophoresis in the presence of SDS
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the intracellular protein concentration in each cell [8].
Interestingly, it was recently reported that S100 proteins
could serve as anti-inflammatory proteins [9, 10]. We
also reported the possibility that human S100A8/A9
could function as an anti-inflammatory factor in acute
inflammation associated with rejection after liver trans-
plantation [11, 12]. In contrast, S100 proteins were
reportedly inducible for acute inflammation [13, 14].
This discrepancy suggests the existence of S100 proteins
with a variety of immunological properties in immune
cells in vivo, which is worthy of note. Localization of
S100A8 and/or SI00A9 in the cells and their distribution
in rat liver tissue with LPS-induced damage was seen
microscopically, and further marked fluctuation in the
serum level of r-S100A9 was also demonstrated dis-
criminatively. To achieve our aim, fluorescent immuno-
histochemical staining was performed using monoclonal
antibodies specific for rat SI00A8 (r-S100A8) and
S100A9 (r-S100A9), so that many images could be
observed microscopically.

In the present study, we focused on observing the
effect of the administration of recombinant human
S100A8 (rh-S100A8) or S100A9 (rh-S100A9) in rats
with damage on suppression or induction of inflamma-
tory reactions in vivo, and the dynamic mobility of
immune cells expressing r-S100A8 and r-S100A9,
leading to elucidation of their functional roles. Another
immunological property of the two proteins, charac-
terized by their differential localization in immune
cells, was also discussed.

MATERIALS AND METHODS

Reagents

Streptavidin (STA)-TexasRed and STA-fluorescein
S-isothiocyanate (FITC), STA-horseradish peroxidase
(HRP), anti-rabbit IgG (goat) IgG-HRP, anti-mouse
IgG (horse) IgG-HRP and -FITC conjugates, and biotin
(Long arm)-NHS were obtained from Vector Co.
(Burlingame, CA); anti-rat CD68 monoclonal antibody
was purchased from Santa Cruz Biotechnology Co. (Santa
Cruz, CA, USA); anti-myeloperoxidase (MPO) (rabbit)
antibody was obtained from Thermo Fisher Scientific
(Fremont, CA, USA); 4', 6-diamino-2-phenylindole
(DAPI) (KPL Co., Gaithersburg, MD, USA); lipopolysac-
charide (LPS) from Salmonella typhimurium was from
Sigma Chemicals, Co. (St. Louis, MO, USA); all others

were obtained from Nacalai Tesque or Wakenyaku Co.
(Kyoto, Japan).

Expression of cDNA for Human and Rat S100A8
or S100A9

cDNA with histidine tag sequences for human
S100A8 and S100A9 was synthesized as described
previously [15-17]. Escherichia coli cells expressing
rh-S100A8 and rh-S100A9 were harvested, washed, and
finally kept frozen at —80°C until use. Also, E. coli cells
expressing recombinant r-S100A8 (1rr-S100A8) and r-
S100A9 (1r-S100A9) were obtained according to the
same procedures as described above.

Purification of Recombinant Human or Rat S100A8
and S100A9

Purification of rh-S100A8 and rh-S100A9 was
performed as described previously [16]. The concen-
trations of the products were determined by the method
of Lowry et al. using bovine serum albumin as a
standard [18]. A single band of rh-S100A8 or rh-
S100A9 on the gel was confirmed with SDS-PAGE
[19]. Similarly, rr-S100A8 and rr-S100A9 were prepared
and then purified.

Preparation of Monoclonal Antibodies
and their Specificity

We prepared monoclonal antibodies directed to r-
S100A8 and r-S100A9 as described previously [11]. The
specificity of monoclonal antibodies for r-S100A8 and r-
S100A9 was confirmed by Western blotting, and the
sensitivity was examined using a polycarbonate plate,
preliminarily coated with a mixture of r-S100A8 and r-
S100A9 (approximately 0.5 mg/l in 50 mmol/l phosphate
buffer, pH 7.2, each), for an enzyme-linked immunosorbent
assay (ELISA).

Development of an Enzyme-Linked Immunosorbent
Assay

We developed a new ELISA system for the protein
using two monoclonal antibodies specific for r-S100A9
(mADbIDI11 and mAb10D11) as described previously [11].
In this ELISA, mAb1D11 and F(ab’),-HRP derived from
mAbl10DI11 were used as the first and second antibodies,
respectively, and rr-S100A9 was used as the standard.
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Protocols for Animal Experiments

Animal experimental protocols were approved by
the Institutional Animal Care and Use Committee,
Kyoto University. Twenty-four Japanese male Wistar
rats (250-280 g) were intraperitoneally injected with 4 mg
LPS/rat and then divided into four groups (A-D; n=6/
group, th-S100A8 (approximately 1 mg/0.1 ml/rat) and rh-
SI00A9 (approximately 1.4 mg/0.1 ml/rat) were
injected into the tail vein of the rats in B and C
groups, respectively, soon after the injection of LPS.
Meanwhile, an equivalent volume of saline was
intravenously administrated into each rat in the A
and D groups. Eight hours after LPS injection, whole
blood (approximately 8 ml) was drawn from the heart
of each rat in the A, B, and C groups under anesthesia
condition with sodium pentobarbital (10 mg, intra-
peritoneally). The serum was separated by centrifuga-
tion and kept frozen at —80°C. In addition, the liver
tissues were quickly removed from each rat and
placed in fixative solution, 10% formalin/distilled
water, to immobilize the tissues, followed by replacing
1.5 L of the fresh fixative solution at least two times.
For biochemical analysis, the residual liver tissue was
homogenized in an equal weight of 50 mmol/l PBS
0.9% NaCl as soon as possible. Finally, the whole
blood and liver tissues of the rats in D group were
obtained from each rat 24 h after LPS injection. These
samples were similarly treated as described above, and
then kept frozen at —80°C until use.

For biochemical analysis of superoxide anions,
all Japanese male Wistar rats (n=8, 250-280 g) were
injected intraperitoneally with 4 mg LPS/rat and then
divided into two groups (E and F, n=4/group). One
hour after the injection of LPS, rh-S100A8 (approx-
imately 1 mg/0.1 ml/rat) and rh-S100A9 (approxi-
mately 1.4 mg/0.1 ml/rat) were injected into the tail
vein of each rat in the two groups (E and F),
respectively. Liver tissues were quickly removed from
the body and immersed into cold 10 mmol/l phosphate
buffer (pH 7.4) 24 h after the injection of LPS. The tissues
were embedded in optimal cutting temperature compound
(Tissue-Tek®) and used for dihydroethidium (DHE)
staining.

Measurement of r-S100A9 and Other Laboratory
Markers

The concentrations of r-S100A9 in the serum and
liver extract of all rats were measured by ELISA [11].
The samples were usually diluted to 10- to 400-fold with
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standard matrix solution. For comparison, other labo-
ratory markers, such as AST, ALT, and LDH, were also
assayed using an automatic chemical analyzer
(TBA200FR-Neo; TOSHIBA Co., Tokyo).

Immunohistochemistry

To reveal the distribution of immune cells expressing
r-S100A8 and/or r-S100A9 in the liver tissue of rats with
LPS-induced damage, immunohistochemistry was per-
formed using mAb2H6 and mAb1SE9 as described
previously [12]. Meanwhile, fluorescent immunohisto-
chemical staining was also carried out to verify the
localization of r-SI00A8 and r-S100A9 in the immune
cells in damaged liver. A liver section was stained on the
slide with mAb15E9 (approximately 5 pg/ml) at 4°C
overnight. After washing five times with 10 mmol/l
phosphate buffer, pH 7.2 (buffer A), the liver section was
stained with anti-mouse IgG (horse) IgG-FITC conjugate
(approximately 5 pg/ml) for 1 h at room temperature in the
dark. After washing thoroughly, the section was stained
with mAb2H6-biotin (approximately 5 pg/ml) at 4°C
overnight in the dark. After washing as above, the section
was further stained with STA-Texas Red conjugate
(approximately 5 pg/ml) for 2 h at room temperature in
the dark. Nuclei of liver and immune cells were counter-
stained with 4', 6-diamino-2-phenylindole (DAPI). The
stained section was mounted with an adequate volume of
non-fluorescent glycerol (90%)/buftfer A. Finally, the
fluorescence intensity of Texas Red and FITC was
observed microscopically.

Superoxide Anions in the Liver Tissue of Rats with
LPS-Induced Damage

Superoxide anions were detected in frozen 10-pum-
thick liver sections with 10 pmol/l DHE as described
previously [20]. The fluorescent intensity of DHE was
observed using confocal microscopy.

Statistical Analysis

Statistical analysis was performed by the parametric
test for pair-wise comparisons with controls. Significant
differences between groups were identified using Stu-
dent's ¢ test (¢ test of the difference between the two
means). Values of p<0.05 were considered to be
significant.
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RESULTS

Expression and Purification of Recombinant Human
or Rat S100S8 and S100A9

rh-S100A8 and rh-S100A9 were successfully purified
as described previously [16]. rr-S100A8 and rr-S100A9
were successfully expressed in E.coli cells and purified
using a Ni-agarose affinity column by the method of
Namura et al. [16]. As estimated from protein bands in
SDS-PAGE, the purity of the two proteins together was
~95% visually, indicating that they were applicable for
subsequent experiments in this study (Fig. 1, lane P).

Properties of Monoclonal Antibodies for Rat S100A8
and S100A9 (Specificity and Sensitivity)

As determined by Western blot analysis, mAb2H6
strongly reacted with rr-S100A8, but not with rr-
S100A9, indicating its specificity for rr-S100A8
(Fig. 1a, lane 1). In addition, mAb10D11, mAblDI11,
and mADbI5E9 specifically reacted with rr-S100A9, but
hardly with rr-S100A8, indicating that these antibodies
are also specific for rr-S100A9 (Fig. la, lanes 2—4). One
of these, mAb1D11 may be more specific for r--S100A9
monomer than the other two antibodies because it hardly
reacted with rr-S100A9 homodimer (Fig. 1a, lane 3).

The three antibodies, mAb10D11, mAbl1D11, and
mADb15E9, strongly reacted with r-S100A9, and
mAb2H6 also with r-S1I00A8 (Fig. 1b). Thus, the
monoclonal antibodies for r-S100A8 and r-S100A9 were
specific for the two proteins, respectively.

Development of an Enzyme-Linked Immunosorbent
Assay for r-S100A9 and its Precision

In this ELISA, a novel standard curve was obtained
using the rr-S100A9 standard (2600 ng/ml; Fig. 1c). Under
standard conditions, the ELISA reaction was linear for r-
S100A9 from 0 to 500 ng/ml (Fig. 1d). In addition, we
assessed the reproducibility of the method using purified
r-S100A9 and pooled sera from rats with liver damage.
Within- and between-day CVs were 2.2-3.7% and 4.7—
10.1%, respectively. The recovery of endogenous plus
exogenous r-S100A9 was 118%+3% (mean+1SD).

Changes in the Levels of r-S100A9
and other Laboratory Markers

The concentrations of r-S100A9 in the serum and
liver tissue of the positive control rats (A group)
markedly increased 125 and 290 times, respectively,

8 h after injection of LPS, as compared with other rats
(NC group; Table 1), but both levels subsequently
decreased 10 to 30 times 24 h after the injection (data
not shown). In contrast, in B group rats, the r-S100A9
levels in both samples were less than half the amount of
those in A group rats. In C group rats, the serum level of
r-S100A9 slightly decreased, whereas the level in the
liver tissue was about half that of A group rats.
Meanwhile, when rh-S100A8 or rh-S100A9 alone,
together with contaminated ET, was intravenously
injected into rats of G (n=5) and H (n=5) groups,
respectively, the increased levels of r-S100A9 in the
serum of rats in both groups ranged from 10.3- to 15.4-
fold that of negative control rats. In the contrast, the r-
S100A9 level reached about 66-fold that of the liver
tissues of G group rats (Table 1). On the other hand, the
activities of AST, ALT, and LDH in the serum of rats (A,
B, and C groups) were apparently higher than in other
rats (NC group); however, in B group rats, the activities
of these enzymes were significantly lower than in other
rats (A and C groups). Surprisingly, LDH activity
increased markedly in the serum of rats (C group),
although the reason is unknown.

Effects of rh-S100A8 or rh-S100A9 on Dynamic
Mobility of Immune Cells

A large number of immune cells expressing much
endogenous S100A8 and/or S100A9 infiltrated and
accumulated in inflamed liver tissues of the rats (A
group) 8 h after injection of LPS (Fig. 2, panels A2 and
A3). Microscopic images, in which a large number of
immune cells had accumulated in liver tissues, were seen
more distinctly 24 h after the injection (Fig. 2, panels
D2, D3, D5, and D6); however, intravenous injection of
rh-S100A8 (approximately 1 mg/rat) into the rats (A
group) resulted in fewer immune cells expressing
endogenous S100A8 and/or S100A9 (Fig. 2, panels B2
and B3). In contrast, when rh-S100A9 (approximately
1.4 mg/rat) was intravenously injected into the rats (C
group), very few significant changes in the microscopic
images of the liver of rats between A and C groups were
seen (Fig. 2, panels C2 and C3).

Intracellular Localization of Endogenous S100A8
and S100A9 in Immune Cells

To visualize the localization of r-S100A8 and r-
S100A9 in immune cells in the acute inflammatory
phase, fluorescent immunohistochemical staining was
carried out. r-S100A8 and r-S100A9 in immune cells
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Fig. 1. Specificity of monoclonal antibodies for rat S100 proteins and development of an enzyme-linked immunosorbent assay. In a, lane M shows
molecular mass markers. Lane P shows protein bands of the mixture of rr-S100A8 and rr-S100A9. Lanes I to 5 contains the same proteins as lane P
(100 pg/lane). Anti-r-S100A8 antibody (mAb2H6) was used as the first antibody (lane 1). Anti-r-S100A9 antibodies (mAbld11, mAbl0ODI11, and
mADb15E9) were used as the first antibody (lanes 2—4). Anti-mouse IgG (horse) IgG-HRP conjugate was used as the second antibody (lanes 1—4). In b,
a polycarbonate ELISA plate preliminarily coated with rat S100 proteins partially purified from rat leukocytes was used. In contrast, an ELISA plate
with no antigen was used as a negative control. Each monoclonal antibody was detected with anti-mouse IgG (horse) IgG-HRP conjugate. In ¢ and d,
an ELISA plate preliminarily coated with mAbID11 (5 pg/ml) was used. In d, two pooled sera with different concentrations (low and high) were used

to confirm the linearity of the ELISA.

were positively stained with mAb2H6 and mAbl15E9,
respectively, in all groups, but there was almost no
difference among A to C groups in the expression of
S100 proteins in the cells. In the liver tissue in A to C
groups (Fig. 3, panels Al-A4, B1-B4, C1-C4), the
different localization of r-S100A8 and/or r-S100A9 in
immune cells was clearly demonstrated, in which r-
S100A8 existed dominantly in the cytoplasm of the
cells, but r-S100A9 was localized near the cell mem-

brane of immune cells (Fig. 3, panels A3, A4, B3, B4,
C3, and C4). In addition, notable staining patterns of the
two proteins in the cells was observed 24 h after the
injection, with a large number of the immune cells
expressing r-S100A8 and/or r-S100A9, which were seen
over inflamed liver tissues (Fig. 3, panels D1 and D2). It
was also noted that r-S100A8 and r-S100A9 tended to
visually localize in immune cells in the center and
around inflamed areas of the liver tissues, respectively



414 Koike, Arai, Yamada, Nagae, Saita, Itoh, Uemoto, Totani, and Ikemoto

Table 1. Changes in the levels of r-S1I00A9 in the serum and liver of rats with LPS-induced damage

S100A9
Markers AST ALT LDH
Treatment (n=6) Serum Liver Serum
NC (No treatment) 1 1 1.0 1.0 1.0
A gr (LPS alone) 125+£18.8%** 200+£52.2%%%* 2.3+0.18* 3.1+0.22%* 9.3+1.3%**
B gr (LPS+S100A8%) 55+6.2* 128+16.6* 1.7+0.17* 2.0+0.19* 6.4+0.71%*
C gr (LPS+S100A9%) 110+13.2 180+23.0%** 2.4+0.26 3.44+0.39 71+10.7%*
G gr (rh-S100A8" alone) 15.442.1%% 66.6+10.1%* - - -
H gr (th-S100A9" alone) 10.3+£1.3%* - - - -

Values are the mean+1SD of relative concentrations of r-S100A9 against those (mean of triplicate determinations) of negative control rats (NC),

respectively, 8 h after injection of LPS. Within-day variation (coefficient of variation, C.V.) in ELISA for r-S100A9 was less than 7%

gr group

“rh-S100A8 or rth-S100A9 was intravenously administrated into the tail vein of the rat with and without LPS-induced liver damage

#p<0.01, ** p<0.001

(Fig. 3, panels D1 and D2). Interestingly, microscopic
images suggesting cell-to-cell connection among
immune cells associated with the secretion of r-
S100A9 outside the cells were observed (Fig. 3, panel
D4). For comparison, the nucleus of immune cells was
counterstained with DAPI. As assessed microscopically,
a little endogenous S100A8 and/or ST00A9 was likely to
exist inside the nucleus of immune cells in the liver
(Fig. 3, panels D5, D6, and D7).

Identification of Immune Cells
all over and Around Inflamed Areas of Liver Tissues

When stained with anti-rat CD68 monoclonal anti-
body, the immune cells showed a positive reaction
localized all over inflamed areas of the liver tissues,
indicating macrophages (Fig. 4, panels B1 and B2).
Meanwhile, a few immune cells around inflamed areas of
the liver tissues were stained with anti-myeloperoxidase
antibody positively, indicating neutrophils (Fig. 4, panels
A2 and B2, indicated by horizontal arrows).

Detection of Superoxide Anions

To detect superoxide anions in the rat liver tissues
in E and F groups, DHE staining was carried out. Many
superoxide anions were produced in the rat tissues in F
group (Fig. 5, panel F), but such internal oxidants were
hardly detected in E group (Fig. 5, panel E), strongly
suggesting that rh-100A8 effectively suppresses their
production in liver tissues. When th-S100A9 was intra-
venously injected into the rats (F group), very little
difference in the production of superoxide anions
between F and positive control groups rats was observed
microscopically (data not shown). This strongly suggests

no effect of rh-S100A9 on the suppression of such
internal oxidants (Fig. 5, panel F).

DISCUSSION

The biochemical properties of S100 proteins that
have been reported by many investigators have varied
[21-24]. In this paper, we described the influence of the
treatment of th-S100A8 or rth-S100A9 on the expression
of r-S100A8 and/or r-S100A9 in LPS-treated rats, in
which we showed the intracellular localization of r-
S100A8 and/or r-S100A9 in immunological cells and
their distribution in the inflamed liver tissue of rats and
presented data supporting their potential as immunological
regulators. The value of the two proteins as regulators of
immune reactions is based on their origin and clinical data
previously reported [11]. In addition, the reliability of our
data also depends on the properties of monoclonal
antibodies directed to r-S100A8 and r-S100A9. Mean-
while, when recombinant proteins are purified from E. coli
cells, endotoxin (ET) should contaminate the purified
materials. When the ET, which had an equal amount of ET
in the preparation of rh-SI00A8 or rh-S100A9, was
intravenously injected into rats, the serum level of r-
S100A09 slightly increased in (G group). This increase was

Fig. 2. Effect of th-S100A8 or rh-S100A9 intravenously administrated p
on regulation of condition in acute inflammation. r-SI00A8 and r-S1-
00A9 were immunohistochemically stained using mAb2H6 and mA-
b15E9 as the first antibody, respectively. Groups are as follows: 4
panels A71*, A2, and A3; B panels BI*, B2, and B3; C panels CI*, C2
and C3; D panels DI*, D2*, D3*, D4, D5, and D6; Negative control,
panels N/, N2, and N3. Panels with and without asterisk (*) were
scanned with low (x100) and high (x400) power fields, respectively. In
panel D7*, horizontal arrows indicate focal necrosis.
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LPS alone
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LPS alone
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A gr:
LPS alone (8 h)

B gr:LPS +
S100A8 (8 h)

Cgr: LPS +
S100A9 (8 h)

D gr:
LPS alone (24h)

S100A8: Red
S100A9: Green
Merge: Yellow
Nuclei: Blue

Fig. 3. Intracellular localizations of endogenous S100A8 and/or SI00A9 in the immune cells in the rats with LPS-induced damage. 4 gr: panels 47—
A4, B gr: panels BI-B4, C gr: C1-C4, D gr: panels DI-D7. Panels D5—D7: nuclei were stained with DAPI. In panel D/, two groups of immune cells
in the center and around inflamed areas of the liver tissues are indicated by two white circles and horizontal arrows, respectively. Color of microscopic
images: red, r-S100A8; green, r-S100A9; yellow, merge; blue, nuclei. A1, B, Cl1, and DI: low power field (x100). A2, B2, C2, and D2: high power
field (x600). 43, A4, B3, B4, C3, C4, and D3 to D7: super high power field (x4,000).

probably due to contaminated ET in th-S100A8, because if group rats; therefore, our data suggest that there was no
rh-S100A8 is an inducer of acute inflammation, the r- significant influence of the ET on the activation of immune
S100A9 level in B group rats should reach a higher level cells, such as neutrophils and macrophages.

than that in A group rats, while the serum level of r- In general, most immune cells, such as macro-

S100A9 in G group rats was about one eighth of that in A phages and activated neutrophils, in the acute inflam-
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A gr:
LPS alone (8h)

D gr:
LPS alone (24h)

(x 100) (x 600)

Fig. 4. Identification of immune cells all over and around inflamed areas of liver tissues. Neutrophils were stained with anti-myeloperoxidase (rabbit)
antibody and anti-rabbit IgG (goat) IgG-TexasRed conjugate (indicated by horizontal arrows). Macrophages were stained with anti-rat CD68 mon-
oclonal antibody and anti-mouse IgG (horse) IgG-FITC conjugate. Panels A/ and BI: low-power field (x100). Panels 42 and B2: high-power field
(x600). Microscopic images: red, neutrophils; green, macrophages.

E group F group NC group

Fig. 5. Detection of superoxide anions in the liver tissue with damage. Panels £ and F: th-S100A8 and rh-S100A9 were injected intravenously into
rats in £ and F' groups, respectively. Panel NC: negative control. Panels £, F, and NC: high-power field (x1,000).
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matory phase rapidly move to inflamed areas of liver
tissues with inflammatory changes and play functional
roles there in self-defense. If rh-S100A8 induced
inflammatory reactions in the liver, the condition of
liver tissues in B group rats might be more serious, so
that many immune cells should accumulate in inflamed
areas of the liver; however, as shown in Fig. 2 (panels
B2 and B3), not only the number of immune cells
expressing r-S100A8 and/or r-S100A9 but also the
expression of both proteins in immune cells in the liver
tissues was apparently suppressed, suggesting that
administrated rh-S100AS8 could attenuate LPS-induced r-
S100A9 expression, although the mechanism for under-
standing such regulation is still unclear. Toll-like receptor 4
(TLR4) is recognized as a receptor for LPS. Intravenously
injected rh-S100A8 might influence the interactions
between LPS and TLR4 on immune cells in vivo, which
could result in a significant decrease in the serum level in B
group rats. We could not measure r-S100AS in the serum in
the present study; however, it was recently found by flow
cytometry that r-S100A8 as much as r-SI00A9 was
induced on macrophages by stimulating with rh-S100A8
alone (data not shown), in which both proteins may be
consumed to form r-S100A8/A9 complex on the cells in
vivo, so that less -S100A9 may be released in the serum.

In this study, the levels of r-S100A9 were very high
in the liver tissues treated with LPS plus rh-S100A8 or
rh-S100A9; however, whether these marked increases
are secreted from hepatocytes and/or immune cells is not
clear. It is therefore important to confirm the origin of r-
S100A9 in liver tissues with damage. In the near future,
we intend to isolate hepatocytes from rat liver tissue to
verify the origin of r-S100A9 in liver tissues.

In B group rats, the serum levels of not only r-
S100A9 but also hepatic markers, such as AST, ALT,
and LDH, fell significantly in comparison with those
in the positive control group rats (A group rats),
suggesting that rh-S100A8 suppressed the release or
secretion of r-SI00A9 and hepatic markers outside
immune cells in vivo (Table 1). However, S100
proteins are reportedly recognized as inducers of acute
inflammation [13, 14]. This discrepancy may be due
to differences in the origin of rh-SI00A8 or rh-
S100A9 intravenously injected, or the experimental
conditions between in vivo and in vitro because
immunological reactions in vivo are generally very
complicated. In contrast, the serum activities of
hepatic enzymes rather tended to increase, particularly
LDH, although the levels of r-S100A9 in the sera of
C group rats slightly fell compared with those of A

group rats. These results suggest that the functional
role of rh-S100A8 is essentially different from that of
r-S100A9.

Endogenous S100A8 and S100A9 are secreted from
immune cells, such as neutrophils and macrophages, of
myeloid origin. We hypothesized that both proteins could
share their functional roles by exchanging signals among
these cells in acute inflammatory phase. Not only the
expression of both r-SI00A8 and r-S100A9 in immune
cells but also a number of such immune cells in the liver
was significantly suppressed in B group rats (Fig. 2b,
panels B1-B3), but these obvious changes were not found
in C group rats (Fig. 2, panels C1-C3). These data support
our hypothesis concerning the differential role between r-
S100A8 and r-S100A9. Furthermore, microscopic images
of immune cells expressing r-S100A8 did not necessarily
correspond to those expressing r-S100A9, suggesting the
possibility of the existence of immune cells sharing
immunological functions between the two proteins in vivo
(Fig. 2, panels D4-D6; Fig. 3, panels D1-D4). On the
other hand, as shown in Fig. 5, the production of super-
oxide anions in the liver tissue with LPS-induced damage
was clearly inhibited when rh-S100A8 was intravenously
injected into B group rats. This may indicate the effect of
rh-S100A8 on suppression of the production of such
internal oxidants, although the mechanism is unclear. In
addition, it was recently reported that s-nitrosylated
S100A8 might regulate leukocyte-endothelial cell inter-
actions in the microcirculation, and the suppression of
mast cell-mediated inflammation [10]. This report may
also support our concept concerning another immuno-
logical property of r-S100A8 and r-S100A9 in acute
inflammation in vivo.

It is generally well known that a large number of
immune cells, such as macrophages, neutrophiles, and
lymphocytes, have a complex involvement in the regu-
lation of immunological reactions in vivo in their network
system, or are functionally regulated according to one or
pleural mediators in an unknown manner except for the
immune cells. The differential expression and localization
of -S100A8 and r-S100A9 in the immune cells are very
interesting to understand the variety of their immunological
mobility in acute inflammation. Further distinct observa-
tion of morphological images of immune cells expressing
r-S100A8 and r-S100A9 may be needed to elucidate their
potential, as shown in Fig. 3 (panels D2-D4).

In conclusion, the various intracellular localization
of r-S100A8 and/or r-S100A9 in immune cells, neutro-
phils and macrophages, may provide valuable informa-
tion for understanding their functional roles in and
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outside the cells. Our current investigation focused on
elucidating the mechanism of intracellular functional
roles and dynamic mobility of the two proteins using an
immunosuppressant drugs (FK506) and IL-10 KO mice.
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