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Abstract

Lentinan (LNT), a B-glucan from the fruiting bodies of Lentinus edodes, is well known to have
immunomodulatory activity. NO and TNF-a are associated with many inflammatory diseases. In this study,
we investigated the effects of LNT extracted by sonication (LNT-S) on the NO and TNF-a production in
LPS-stimulated murine RAW 264.7 macrophages. The results suggested that treatment with LNT-S not only
resulted in the striking inhibition of TNF-o and NO production in LPS-activated macrophage RAW 264.7
cells, but also the protein expression of inducible NOS (iNOS) and the gene expression of iNOS mRNA and
TNF-a mRNA. It is surprising that LNT-S enhanced LPS-induced NF-xB p65 nuclear translocation and
NF-kB luciferase activity, but severely inhibited the phosphorylation of INK1/2 and ERK1/2. The
neutralizing antibodies of anti-Dectin-1 and anti-TLR2 hardly affected the inhibition of NO production. All
of these results suggested that the suppression of LPS-induced NO and TNF-a production was at least
partially attributable to the inhibition of INK1/2 and ERK /2 activation. This work discovered a promising
molecule to control the diseases associated with overproduction of NO and TNF-a.

Keywords: ERK, Jun N-terminal kinase (JNK), NF-kB, Nitric Oxide, Tumor Necrosis Factor (TNF), B-
Glucan

Introduction

Nitric oxide (NO) and tumor necrosis factor-a (TNF-o) are two key molecules in the immunopharmacology
which have beneficial biological effects on a variety of normal cells mostly related to immunomodulatory or
inflammatory or physiological processes (1-4). Both of them are also two important cytotoxic mediators
contributing to the antimicrobial and tumoricidal activity of the macrophages (5—7) and exert a key role in the
pathogenesis of many infectious and inflammatory diseases (3, 8, 9). However, high levels of NO and TNF-
a generated by activated macrophages can induce diverse effects on host survival, ranging from direct
cellular cytotoxicity (2, 10) to damage of components leading to mutagenesis (6, 11, 12). It has been reported
that NO inhibition could markedly increase the survival rate in the cecal ligation and puncture model (13).
Therefore, identification of novel pharmacological reagents which can suppress NO and TNF-a

overproduction is of considerable medical interest.
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LPS is known to activate multiple signaling pathways in macrophages, leading to production of
proinflammatory mediators and cytokines such as NO, TNF-a, and interleukins. Some researchers have
reported that certain compounds such as quercetin and taurine chloramine can effectively inhibit NO and
TNF-a production in LPS-stimulated macrophages. As we know, B-glucans possess anti-infective and
antitumorigenic activity (14—16) by activating leukocytes and then producing reactive oxygen intermediates,
inflammatory mediators, and cytokines such as NO and TNF-a (14, 17). It is well known that the particulate
zymosan containing B-glucan as the main component from Saccharomyces cerevisiae is especially used
widely to examine the proinflammatory responses of immune cells such as phagocytes and macrophages
(18-20). Zymosan has been confirmed to be able to activate NF-kB and induce production of TNF-a in
RAW 264.7 macrophages (21). Currently, another two important B-glucans, Schizophyllan (SPG)i and
Lentinan (LNT), having the main chain of (1,3)-B-glucan with one B-(1,6)-glucose branch at every five
main-chain glucose residues are clinically used as antitumor agents (22, 23). Yadomae and co-workers have
demonstrated that SPG could not enhance NO or TNF-a secretion, but the alkaline-treated SPG (SPG-OH)
could induce NO and TNF-a synthesis in vitro and in vivo (24, 25). Moreover, SPG-OH augmented NO
production in the presence of cytokines such as TNF-a, IL-10, IL-6, GM-CSF, especially in the presence of
interferon-y (IFN-y) in vitro. As for LNT, it has been shown that it can stimulate NK cell activity (26-28)
and several macrophage/monocyte functions (secreting IL-1 and superoxide anion), phagocytosis, and
cytotoxicity (29—34). The cytotoxic activity and TNF secretion of macrophages were found to be elevated by
LNT in vitro and in vivo (35, 36). Moreover, pretreatment of bone marrow macrophages with LNT resulted
in increased production of NO in vitro (36). However, Noel ef al. demonstrated that pretreatment of LNT
before LPS administration induced a striking inhibition of up to 89% circulating TNF-a in bacillus Calmette-
Guérin-primed mice (37). In a word, LNT exhibits various immunomodulatory behaviors under different
conditions. To our knowledge, there are few publications involved in the immunomodulating effects of
combined application of LPS with LNT. Therefore, in this study, we investigated the effects of LNT on
LPS-induced NO and TNF-a secretion from murine macrophage RAW 264.7 cells and on the signal
transduction induced by LPS.

EXPERIMENTAL PROCEDURES

Sample LNT used in this study was extracted from the fruiting bodies of Lentinus edodes according to the
previously described procedures (38), which was coded as LNT-S. LNT-S was dissolved in PBS and
sterilized at 121 °C for 20 min before use.

Reagents and Antibodies DMEM (glutamine, high glucose), penicillin, streptomycin, and LPS from
Escherichia coli 0111:B4 were purchased from Sigma. Antibodies were obtained from the following
sources: mouse monoclonal anti-inducible NOS (iNOS), BD Transduction Laboratories; rabbit polyclonal
anti-NF-xB p65, rabbit polyclonal anti-phospho-ERK 1/2, rabbit polyclonal anti-phospho-JNK 1/2, and rabbit
polyclonal anti-phospho-p38, Cell Signaling Technology (Beverly, MA); mouse monoclonal anti-f-actin,
Santa Cruz Biotechnology (Santa Cruz, CA); monoclonal antibody against TLR2/CD282, Imgenex (San
Diego, CA); and mouse monoclonal antibody against Dectin-1/CLEC7A (R&D Systems), Wako Pure
Chemical Industries (Osaka, Japan).

Cell Culture RAW 264.7 cells (a murine macrophage/monocyte-like cell line, American Type Culture
Collection) were maintained in DMEM (glutamine, high glucose) supplemented with penicillin (100
units/ml), streptomycin (100 pg/ml), and 10% heat-inactivated FBS (Sekisui Medical Co., Ltd., Tokyo,
Japan) at 56 °C for 30 min. Subculturing was done by dislodging the cells with trypsin (0.25%) and

EDTA -2Na-2H,0 (0.02%), followed by centrifugation and seeding into the culture flask or dish, which was
incubated at 37 °C under a humidified atmosphere of 95% air and 5% CO,.

Nitrite Determination NO production was determined based on the amount of nitrite present in the
conditioned medium, a stable end product of NO, by Griess reaction. Briefly, RAW 264.7 cells were seeded
(2 x 107 cells/well) in 48-well plates and incubated for 24 h. The cells were rinsed with PBS and exposed to
LPS (100 ng/ml) and LNT-S in DMEM without FBS. After a 48-h stimulation, each supernatant (100 pl)
was mixed with an equal volume of Griess reagent (50 pl of 1% sulfanilamide in 5% phosphoric acid and 50
ul of 0.1% N-(1-naphthyl)ethylenediamine dihydrochloride in distilled water) at room temperature. The
absorbance was measured at 570 nm using a Wallac microplate reader (1420 ARV O Sx), and the
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concentration of NO was quantified with a standard curve generated with sodium nitrite in the range of 0—
100 pm.

TNF-a Assays by ELISA RAW 264.7 cells (5 10° cells/well) were seeded into 24-well plates and
incubated for 24 h before stimulation. At the end of preincubation, cells were rinsed with PBS and, the
medium was exchanged to DMEM without FBS. The cells were exposed to LPS (100 ng/ml) with and
without LNT-S (200 pg/ml). After a 24-h stimulation, the conditioned medium was collected and
centrifuged, and TNF-a levels in the supernatant were assessed using an ELISA kit (Thermo Scientific)
according to the manufacturer's instructions.

Western Blot Analysis The cytoplasmic and nuclear proteins were extracted according to procedures
described previously (21) with a slight modification. Briefly, RAW 264.7 cells were seeded in a 60-mm
culture dish at a density of 5 x 10% cells/dish in DMEM with 10% FBS for 24 h. The cells were then rinsed
with sterilized PBS and exposed to LPS (100 ng/ml) and LNT-S (0-200 pg/ml) in DMEM without FBS. At
the end of treatment, the cells were harvested by scraping and treated with 200 pl of lysis buffer (50 mm

KCl, 0.5% Nonidet P-40, 25 mm HEPES (pH 7.8), 1 mm PMSF, 10 pg/ml leupeptin, 20 pg/ml aprotinin,
and 100 mmM dithiothreitol) on ice for 10 min. After a 5-min centrifugation at 14,000 rpm, the supernatant was
saved as a cytoplasmic extract. The left nuclear pellet was washed once with the same volume of buffer
without Nonidet P-40. The nuclear pellet was then treated with 40 pl of extraction buffer (500 mm KCI, 10%
glycerol with the same concentrations of HEPES, PMSF, leupeptin, aprotinin, and dithiothreitol as the lysis
buffer) on ice for 40 min with pipetting every 10 min. After centrifugation at 14,000 rpm for 10 min, the
supernatant was harvested as the nuclear protein extract. Both the cytoplastic and nuclear protein extracts
were preserved at —70 °C for Western blot assay. The protein concentration was determined using a Bradford
protein assay reagent (Bio-Rad) and BSA (Nacalai tesque, Kyoto, Japan) as the standard.

Both cytoplasmic and nuclear lysates were mixed with 4xSDS sample buffer and denatured in boiling water
for 5 min. Aliquots of 10—15 pg of denatured cytoplasmic proteins and 15-25 ug of denatured nuclear
proteins were respectively separated by SDS-PAGE on a 10% polyacrylamide gel and then electrically
transferred to a PVDF membrane (BioTrace; Pall Corp., Port Washington, NY). After blocking with 5%
(w/v) BSA in TBS (10 mm Tris-HCI (pH 8.0), 150 mm NaCl) containing 0.1% Tween 20 at room
temperature for 1 h, the membranes were then incubated with appropriate specific primary antibody (anti-
iNOS, 1:8,000; anti-ERK 1/2, 1:1,000; anti-JNK 1/2, 1:1,000; anti-p38, 1:1,000; anti-NF-kB p65, 1:1,000;
anti-B-actin, 1:20,000) overnight at 4 °C. The reactive bands were visualized with an HRP-conjugated
secondary antibody (1:20,000; Santa Cruz Biotechnology) via ECL Western blot detection reagents on a
LightCapture II (ATTO, Tokyo) according to the manufacturer's instructions.

RNA Isolation and Quantitative Real Time RT-PCR Assay RAW 264.7 cells (5 x 10° cells/well) were seeded
into 24-well plates and incubated for 24 h before stimulation. At the end of preincubation, the cells were
rinsed with PBS, and the medium was exchanged to DMEM without FBS. The cells were then exposed to
LPS (100 ng/ml) and LNT-S (200 pg/ml) for the desired time. Total cellular RNA was extracted using
TRIzol reagent (Invitrogen) according to the manufacturer's instructions. RNA concentrations and purity
were determined by spectrophotometer (GeneQuant Pro RNA/DNA calculator; Amersham Biosciences)
measuring absorbance at 260 and 280 nm. RNA was temporarily stored at —20 °C in nuclease-free water.
The reverse transcription (RT) was performed with 20 ng of total RNA to synthesize cDNA using
PrimeScript PLUS RTase obtained from Takara (Takara, Shiga, Japan) according to the manufacturer's
protocol. RT-generated cDNA with Takara Ex TagHS was amplified using Expand High Fidelity PCR
system from Roche Dignostics according to manufacturer's instructions. Thermal cycling was performed on
Thermal Cycler Dice Real Time System TP860 (Takara, Kyoto, Japan) using One Step SYBR PrimerScript
Plus RT-PCR Kit (Takara) according to the manufacturer's protocol. The primers used were purchased from
Invitrogen, and PCR conditions were as follows: hypoxanthine guanine phosphoribosyl transferase (hprt), as
a control (5'-gTAATgATCATTCAACgggggAC-3"and 5-CCAgCAAgCTTgCAACCTTAACCA-3"), at
94 °C for 30 s, 55 °C for 25 s, and 72 °C for 45 s; iNOS (5'-CTgCAgCACTTggATCAggAACCTg-3" and
5"-gggAgTAgCCTgTgTgCACCTggAA-3"), 27 cycles at 95 °C for 30 s, 55 °C for 25 s, and 72 °C for 45 s;
TNF-a (forward, GACAGTGACCTGGACTGTGG and reverse, TGAGACAGAGGCAACCTGAC), at
95 °C for 5 s, 60 °C for 30 s, and 72 °C for 30 s. The resultant INOS mRNA and TNF-a mRNA were
normalized by hprt mRNA and expressed relative to LPS.
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NF-kB-Luciferase Assay RAW 264.7 cells in 24-well plates (3 x 10° cells/well) were preincubated for 12 h
and then transfected with 0.8 pl of NF-kB-driven luciferase reporter vectors using 1.56 pl of Lipofectamine
(Invitrogen) in 26 pl of OPTI-MEM (Invitrogen) per well. After a 6-h transfection, the cells were rinsed with
PBS and incubated for additional 6 h in DMEM with 10% FBS. The cells were then stimulated with LPS
(100 ng/ml) and LNT-S (200 pg/ml) in DMEM without FBS. Following 12-h stimulations, cells were lysed
with Passive Lysis buffer, and firefly and Renilla luciferase activities were assessed using a Dual-Luciferase
Reporter assay (Promega, Madison, WI) and a Wallac microplate luminometer (1420 ARVO Sx,
PerkinElmer Life Sciences), according to the manufacturer's instructions. NF-kB activity was expressed as -
fold induction relative to the control cells without LPS treatment.

SPR Analysis Surface Plasma Resonance (SPR) analysis was performed using Biacore 3000 (GE
Healthcare) according to the manufacturer's instruction. Before the analysis, anti-Dectin-1 antibody was
immobilized on sensor chip CM5 using the amine-coupling method. The resultant sensor chip was
equilibrated with running buffer (HEPES-EP: 10 mm HEPES (pH 7.4), containing 150 mm NaCl, 3 mm
EDTA and 0.005% Surfactant P20) at a flow rate of 20 pl/min at 4 °C. LNT-S dissolved in running buffer at
a concentration of 100 pg/ml was loaded onto sensor chip, and the signal data were collected with the
Biacore program (GE Healthcare). After each analysis, the sensor chip was regenerated by 50 mm NaOH.
Affinity constants were calculated using BIA evaluation 4.1 software by globally fitting the association and
dissociation phases of the overlay plots to a 1:1 Langmuir binding model.

Anti-Dectin-1 and Anti-TLR2 Antibody Neutralization Assay RAW 264.7 cells were seeded at a density of 5 x
10° cells/ml in 24-well plate. After a 24-h preincubation, the cells were incubated with 5-20 pg/ml
monoclonal antibodies against murine Dectin-1/CLEC7A and TLR2/CD282 for 30 min at 37 °C. LPS (100
ng/ml) and LNT-S (100 pg/ml) were then added into the medium free of FBS and incubated for another 24
h. The supernatants were finally collected, and the concentration of NO was measured by the method
described above.

Statistical Analysis Data are given as the mean + S.E. from at least three independent experiments, unless
specified otherwise. Student's ¢ test was performed, and the differences were considered statistically
significant at p < 0.05.

RESULTS

LNT-S Suppresses NO and TNF-a Production in LPS-Stimulated RAW 264.7 As described in the
Introduction, NO and TNF-a are two important inflammatory mediators produced from macrophages
corresponding to inflammation. Therefore, NO and TNF-a were used here as an indicator of macrophage
response to LPS and LNT-S. As shown in Fig. 14, LPS-induced NO production was suppressed by LNT-S
in a dose-dependent manner, and ~70% inhibition was observed at LNT-S concentration of 200 pg/ml. A
significant decrease (~60%) in NO production was observed at 80 pg/ml and then changed slightly with
increasing concentration. Similarly, compared with control, LPS induced substantial TNF-a production in
RAW 264.7 cells, and LNT-S suppressed it with inhibition of ~75% at a concentration of 200 pg/ml and a
20-h stimulation (Fig. 1B).

LNT-S Inhibits LPS-induced iNOS Protein Expression NO is synthesized by a family of enzymes known as
NOS. To date, three main isoforms of NOS have been identified as brain constitutive NOS (nNOS),
endothelial constitutive NOS (eNOS), and inducible NOS (iNOS) (39, 40). In contrast, the iNOS protein is
not expressed constitutively (41, 42), but it can be up-regulated by proinflammatory stimuli (43, 44) and is
the most important proinflammatory enzyme responsible for increasing the levels of NO (45). Nathan's
laboratory has purified and cloned iNOS that makes NO in activated macrophage (46). Therefore, in this
study, we checked the iNOS expression in LPS-stimulated RAW 264.7 cells. The results indicated that
iNOS protein in LPS-stimulated RAW 264.7 cells exhibited a strong time dependence (data not shown). At
the 24-h time point, a strong iNOS protein band induced by LPS appeared, and significant inhibition by
LNT-S was observed. In accord with the results of NO assay (Fig. 14), the substantial iNOS protein
expression showed a strong concentration dependence (Fig. 24). LNT-S itself was not effective in inducing
notable iNOS production. This result indicates that the inhibitory activity of LNT-S toward NO production is
through the inhibition of iNOS enzyme expression.

LNT-S Suppressed LPS-induced iNOS mRNA and TNF-a mRNA Expression
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As we know, iNOS and TNF-a are synthesized by translation of the corresponding mRNA in the cytoplasm.
To clarify how LNT-S attenuates NO and TNF-a production, INOS mRNA and TNF-o mRNA expression
was examined by RT-PCR analysis. The time dependence of iNOS mRNA and TNF-a mRNA showed that
after co-stimulation for 20 h, LNT-S exhibited the maximum inhibition (data not shown here). As shown in
Fig. 2, B and C, a significant inhibition of INOS mRNA (~70%) and TNF-o mRNA (~80%) by LNT-S was
observed, suggesting that inhibition of NO and TNF-a is through suppression of their respective mRNA
expression.

LNT-S Inhibits LPS-induced Phosphorylation of ERK1/2 and JNK1/2 1t is now generally accepted that LPS
from Gram-negative bacterial stimulates inflammatory responses through TLR4-initiated several distinct
signaling pathways including MAPKs and NF-kB (47-49). Specially, ERK and JNK are thought to regulate
production of inflammatory cytokines and mediators such as TNF-a and NO (50-53). To determine whether
LNT-S interfered with MAPK signaling pathways, we analyzed the cytoplasmic cell lysates by Western
blotting with the specific phospho-antibodies against ERK1/2, INK1/2, and p38 MAP kinases. Fig. 34
demonstrates that LPS stimulation induced rapid phosphorylation of JNK1/2. The maximal INK1/2
phosphorylation induced by LPS occurred at a time point of 0.5 h and then attenuated with increasing
incubation time, similar to the result reported by Okugawa ef al. previously (54). However, the marked
suppression of phospho-JNK 1/2 expression by LNT-S at 0.5 h and 3.0 h after LPS stimulation was clearly
observed. Similarly, rapid phosphorylation of ERK1/2 at 0.5 h after LPS stimulation was also observed and
increased with extending stimulation time, showing a different time-dependent manner from JNK1/2. Co-
treatment of LPS with LNT-S also resulted in strong inhibition of ERK1/2 activation (Fig. 34). However,
LPS stimulation resulted in no detectable phosphorylation of p38 MAPK in this study (data not shown).
These results indicated that LNT-S interfered with MAPK signaling pathways in response to LPS, resulting
in inhibition of NO and TNF-a.

LNT-S Enhances Nuclear Translocation and Transactivation of NF-kB p65 The transcription factor NF-kB is
largely involved in the immune responses and expression of proinflammation elicited by a variety of
mediators including LPS. To clarify whether the inhibition of NO and TNF-a production is associated with
NF-kB, the nuclear translocation of NF-kB p65 was examined in the nuclear extracts of RAW 264.7 cells
which were stimulated with LPS plus LNT-S. The results show that there was a strong protein expression of
NF-«kB p65 in LPS-stimulated RAW 264.7 cells within 30 min compared with the unstimulated cells (Fig. 3
A). At a longer time point, the protein bands became very weak and even disappeared, which might be
attributable to degradation of the protein. It is surprising that LNT-S could not attenuate LPS-induced nuclear
translocation of NF-kB p65, but enhanced it slightly.

It has been reported that NO productivity was strongly dependent on some cytokines such as TNF-a, IL-1a,
IL-6, or GM-CSF (24). NF-«B is a major activator for TNF-a transcription in macrophages. To investigate
whether NF-kB was transactivated, transcriptional activity of NF-kB was detected by analyzing the gene
reporter activity. As shown in Fig. 3B, a significant increase of luciferase activity was observed in LPS-
stimulated microphages and slight augmentation by LNT-S, consistent with the enhancement of nuclear
translocation of NF-kB p65 (Fig. 3B).

Effect of Anti-Dectin-1 or Anti-TLR2 Antibodies on Inhibition of NO and TNF-a by LNT-S Dectin-1 has been
extensively identified as a zymosan B-glucan receptor (20, 57-59), which is primarily expressed by cells of
myeloid origin, including macrophages, dendritic cells, and neutrophils in mice. Rogers et al. reported that
both Dectin-1 and TLR2 are activated by zymosan, but the TLR2 ligand is not yet known (60). To
determine whether LNT-S binds to Dectin-1 or TLR2 receptors, we first determined the interactions between
LNT-S and the two receptors by SPR analysis. Fig. 44 demonstrates high affinity interaction between LNT-
S and Dectin-1, but little binding to TLR2 was observed as shown in Fig. 4B. In contrast, LPS could not
bind to Dectin-1 but interacted partly with TLR2. These results indicated that Dectin-1 but not TLR2 can
also recognize water-soluble $-glucan LNT-S, and LPS may bind to TLR2 although the major receptor is
TLR4 (61).

Because they are expressed on macrophages, we used anti-Dectin-1 mAb and anti-TLR2 mAb to neutralize
Dectin-1 and TLR2, respectively, and then detected NO production. As shown in Fig. 4, C and D, addition
of anti-Decin-1 mAb hardly affected the inhibition of LPS-induced NO production, but anti-TLR2 mAb
suppressed NO production, which could be explained by the results of SPR analysis. Namely, anti-TLR2
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mADb bound to TLR2, leading to a decrease of LPS-induced NO production. Although anti-TLR2 mAb
inhibited LPS-induced NO production, it had little effect on the inhibition effect induced by LNT-S.

DISCUSSION

It is well known that NO and TNF-a are two very important inflammatory mediators, which are associated
with microbial and tumor cell killing (3, 62). However, overproduction of NO and TNF-a is harmful to the
body as described in the Introduction. In this study, we studied the effect of LNT-S on LPS-induced
activation of MAP kinases that lead to activation of NF-kB and production of NO and TNF-a. All of the
results shown in Figs. 1 and 2 proved that LNT-S showed strong inhibition of LPS-induced proinflammatory
mediators TNF-a, NO, and iNOS by suppressing the expression of TNF-oo mRNA and iNOS mRNA.
Clearly, it has a completely different effect from SPG-OH, which augments cytokine production and
subsequent NO synthesis in the presence of cytokines such as TNF-q, IL-1a, IL-6, GM-CSF, especially in
the presence of IFN-y in vitro (24).

LPS has been documented to induce activation of MAP kinases, JAK2, and PI3K, hereby activating
multiple transcription factors such as NF-kB and AP-1 and so forth to translocate to the nucleus facilitating
DNA binding activity and leading to up-regulation of iNOS and TNF-o mRNA expression in RAW 264.7
cells (54, 63). Our results obtained from Western blotting documented that LNT-S severely suppressed LPS-
induced JNK1/2 and ERK 1/2 activation in RAW 264.7 cells (Fig. 34). These observations confirmed that
LNT-S inhibited LPS-induced iNOS and TNF-a mRNA expression and subsequent NO and TNF-a
production through selective suppression of JNK1/2 and ERK1/2 in the MAPK signaling pathways. It is
very interesting that LN'T-S can activate MAP kinases JNK 1/2 and ERK1/2 and enhance the nuclear
translocation of NF-kB p65 and its transactivation activity but without production of NO and TNF-a in
RAW 264.7 macrophages, which was reported in our very recent work (38). When it co-stimulates RAW
264.7 cells with LPS, LNT-S shows completely different immunomodulatory behavior, that is, it did not
augment the activation of ERK1/2 and JNK1/2 (Fig. 34), but suppressed them and thus the proinflammatory
mediators such as TNF-o and NO (Fig. 1). These results indicate that LNT-S can be used as not only an
immunomodulatory agent but also a molecule controlling the diseases associated with NO and TNF-a
overproduction.

The promoter region of the mouse iNOS gene contains several binding sites for transcription factors such as
NF-xB, AP-1, CCA AT-enhancer box-binding protein (C/EBP), cAMP-responsive element-binding protein
(CREB), interferon regulatory factor-1 (IRF-1), nuclear factor-IL6 (NF-IL6), octamer factor-1 (Oct-1), serum
response factor (SRF), and the signal transducers and activators of transcription (STAT)1a (64). Of these,
NF-«kB, STAT1, and AP-1 are required for iNOS gene expression in RAW 264.7 macrophages induced by
LPS and proinflammatory cytokines (65—67) Especially, NF-kB is a central target for activators or inhibitors
of iNOS induction (68). The inhibition of iNOS expression by some agents such as glucocorticoids, TGF-
B1, and antioxidants have been reported to result from direct capture of NF-kB by protein-protein
interactions (69, 70), inhibition of nuclear translocation of NF-xB (71), inhibition of NF-kB transactivation
activity, or from enhancement of the expression of the specific inhibitor of NF-kB, I-kB (72, 73). In the
present study, we observed that LNT-S could not inhibit the nuclear translocation of NF-kB p65 (Fig. 34) or
the transactivation activity of NF-xB (Fig. 3B), but slightly enhanced them, respectively. It is possible that
inhibition of NO and TNF-a production by LNT-S was not through NF-«xB signaling pathway, and that
other transcription factors such as AP-1, C/EBP, CREB and so on might be involved in the inhibition
mechanism, which will be investigated further in future study.

It has been extensively accepted that Dectin-1 is a key receptor on the surface of macrophages, which is
required for B-glucan recognition and even can collaborate with TLR2 mediating the biological effects of -
glucan (55, 56, 74). The SPR analysis demonstrates that LNT-S bound Dectin-1 strongly (Fig. 44) but
hardly to TLR2 (Fig. 4B). However, as shown in Fig. 4C, after neutralization by anti-Dectin-1 mAb, LNT-S
still exhibited almost the same inhibition of NO production in LPS-stimulated RAW 264.7 cells (Fig. 4C).
This result suggested that the inhibition of NO and TNF-a production by LNT-S might be not through
Dectin-1 signaling pathways. Apart from Dectin-1, other receptors of -glucans might be involved in this
process.
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In summary, our results suggest that LNT-S inhibits LPS-induced NO and TNF-a production in RAW 264. 7
macrophages partially via suppression of MAP kinases JNK1/2 and ERK 1/2, and the resultant decrease in
the expression of INOS mRNA and TNF-o mRNA. Do other B-glucans show similar results? We thus
treated LPS-stimulated RAW 264.7 macrophages with another B-glucan named BBG from S. cerevisiae
(Bakery). The results showed that BBG could inhibit secretion of proinflammatory mediators including NO,
TNF-a, IL-10, and IL-1ya. The phosphorylation of MAP kinases ERK 1/2 and JNK1/2 was also confirmed
to be suppressed by BBG. It is thus supposed that B-glucans besides LNT-S and BBG have the bioactivity of
inhibiting proinflammatory mediators through MAPK signaling pathways. However, more and more 3-
glucans should be chosen to confirm it, and the upstreaming MAPK signaling pathways, transcription
factor(s), and the receptor(s) involved in the inhibition mechanism will be further studied in detail in our
future work.

*This work was supported by Japan Society for the Promotion of Science Postdoctoral Fellowship 20.08431 (to X. X.),

National Natural Science Foundation Grant 20874078, and Youth Technology Chenguang Project of Wuhan
200950431193.

3The abbreviations used are:

SPG Schizophyllan

iNOS inducible NOS

LNT Lentinan

LNT-S LNT extracted by sonication
SPG-OH alkaline-treated SPG
SPR surface plasma resonance
TLR toll-like receptor.
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Inhibition of LPS-induced NO and TNF-a production in RAW 264.7 macrophages. 4, RAW 264.7 cells (2 x10°
cells/well) were seeded into 48-well plates and incubated for 24 h, and the cells were then exposed to LNT-S with different
concentrations in the absence and presence of LPS (100 ng/ml). After a 48-h stimulation, NO production in the supernatant
was measured by Griess reaction as described under “Experimental Procedures.” B, RAW 264.7 cells (5 x 10° cells/well)
were seeded into 24-well plates and incubated for 24 h, and the cells were then exposed to LPS (100 ng/ml) in the absence
and presence of LNT-S (200 g/ml). After a 20-h stimulation, TNF-a production in the supernatant was measured by ELISA
kit as described under “Experimental Procedures.” Each value represents the mean + S.E. of three independent experiments.
* p <0.05 versus LPS; **, p <0.001 versus PBS; *** p <0.005 versus LPS.
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FIGURE 2.

A INOS — — -— p— o

B-aCtin | == o o ———————
LPS(100ng/ml) - + - + - + - + — +
LNT-S(ug/ml) - - + + + + + + + +
0 20 350 100 200

B _ 120 .

)

o 00

g 1

5

-E ﬂn r

w

-

S 60 |

@

% 40 ITI:

E | t

w L

@ 20 |

=

0 L i ]
PBS LPS+LNT-S
C 120 R
w
%
2 100
5
+ B0 G
7]
4
8 60 |
@
z
Z 40 t
E !t_llt
; 20 I
l— = I
u 1 1 J
FBS LPS LPS+LNT-3

LNT-S inhibited LPS-induced iNOS protein, iNOS mRNA, and TNF-a mRNA expression. 4, RAW 264.7 cells (5 x
108 cells) were seeded in a 60 cell culture dish and incubated for 24 h, and the cells were then exposed to LNT-S with
different concentration in the absence and presence of LPS (100 ng/ml). After a 24-h stimulation, the cytoplasmic proteins
were extracted and measured by Western blotting using the specific antibodies against iNOS and [-actin as described under
“Experimental Procedures.” Data are representative of three independent experiments. B and C, RAW 264.7 cells (5 x 10°
cells/well) were seeded into 24-well plates and incubated for 24 h, and the cells were then exposed to LPS (100 ng/ml) in the
absence and presence of LNT-S (200 pg/ml). After a 20-h stimulation, total RNA was isolated from cells and measured as
described under “Experimental Procedures.” The iNOS mRNA and TNF-a mRNA are expressed relative to LPS. Each
value represents the mean = S.E. of at least three independent experiments. *, p < 0.05 versus PBS; **, p <0.05 versus LPS;
**% p<0.001 versus PBS; **** 1 <0.001 versus LPS.
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LNT-S interfered with MAPK signaling pathways and enhanced NF-xB p65 nuclear translocation and NF-kB
transcription activity. 4, RAW 264.7 cells (5 x 100 cells) were seeded into a @60 dish and incubated for 24 h, and the cells
were then exposed to LPS in the presence of LNT-S. After stimulation for desired time, the cytoplasmic and nuclear
proteins were extracted and measured by Western blotting using the specific antibodies against phospho-ERK1/2, phospho-
JNK1/2, NF-kB p65, and B-actin as described under “Experimental Procedures.” Data are representative of three
independent experiments. B, RAW 264.7 macrophages were transfected with an NF-xB-luciferase reporter vector using
Lipofectamine. Transiently transfected cells were stimulated LPS (100 ng/ml) in the absence and presence of LNT-S (200
png/ml) for 12 h. NF-kB-luciferase activity was measured as described under “Experimental Procedures” and is expressed
relative to the control (PBS). Each value represents the mean + S.E. of three independent experiments. *, p < 0.002 versus
PBS; **, p <0.001 versus PBS.

FIGURE 4.
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A, affinity constant of LNT-S and anti-Dectin-1 antibody by SPR analysis. B, affinity constant of LNT-S and anti-TLR2
antibody by SPR analysis. C, effect of anti-Dectin-1 antibody on inhibition of inhibition of NO by LNT-S in LPS-
stimulated RAW 264.7 cells. D, effect of anti-TLR 2 antibody on inhibition of NO production by LNT-S in LPS-stimulated
RAW 264.7 cells. RAW 264.7 cells (5 x 10° cells/well) were seeded in 24-well plates. After 24-h preincubation, the cells
were incubated with 5-20 pg/ml monoclonal antibodies against murine Dectin-1/CLEC7A and TLR2/CD282 for 30 min.
The cells were then exposed to LPS (100 ng/ml) and LNT-S (100 pg/ml) for 24 h, and NO in the supernatant was measured
as described under “Experimental Procedures.” Each value represents the mean + S.E. of at least three independent
experiments.*, p < 0.001 versus respective controls.
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