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Macrophage receptors of polysaccharide isolated
from a marine filamentous fungus Phoma herbarum
YS4108
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School of Life Science and Technology, China Pharmaceutical University, Nanjing 210009, China

Aim: YCP, a novel (1,4)-a-D-glucan, was isolated from the mycelium of the marine filamentous fungus Phoma herbarum YS4108. In this
work, we investigated a YCP-binding cellular receptor expressed by macrophages and the intracellular signal transduction pathways
involved in YCP-induced macrophage activation.

Methods: Fluorescence-labeled YCP (fl-YCP) was prepared using the CDAP-activation method. Fluorescence confocal laser microscopy
and fluorescence-activated cell sorting (FACS) were used to analyze the effect of fl-YCP on macrophages. To characterize the properties
of the YCP receptor, carbohydrates and antibodies were used to inhibit the binding of fl-YCP to macrophages. Moreover, we investigated

the role of membrane receptors Toll-like receptor 2 (TLR2), Toll-like receptor 4 (TLR4), Toll-like receptor 6 (TLR6) and complement
receptor 3 (CR3). We also examined the role of the p38 kinase pathway in mediating nitric oxide (NO) production.

Results: YCP had an in vitro stimulatory effect on the release of NO in macrophage, and fl-YCP can bind directly to receptors on the
surface of macrophages in a time- and dose-dependent manner. Competition studies show that LPS, laminarin, anti-TLR4 antibody
and anti-CD11b (CR3) antibody could inhibit fl-YCP binding to macrophages. Conversely, mannose, anti-TLR2 and anti-TLR6 antibody
could not. Treatment of RAW264.7 cells with YCP resulted in significant activation of p38 in a time-dependent manner. The specific
p38 inhibitor SB203580 abrogated YCP-induced NO generation. Treatment of RAW264.7 cells with anti-TLR4 antibody and anti-CR3
antibody significantly reduced YCP-induced NO production and p38 activation.

Conclusion: We have demonstrated that YCP-induced NO production occurs through the TLR4 and CR3 membrane receptors in a p38

kinase-dependent manner in macrophages.

Keywords: YCP; Phoma herbarum; macrophages; nitric oxide; receptor; p38 kinase

Acta Pharmacologica Sinica (2009) 30: 1008-1014; doi: 10.1038/aps.2009.93

Introduction

YCP is a polysaccharide with a mean molecular weight of
2.4x10° kDa purified from the mycelium of Phoma herbarum
YS4108, a marine filamentous fungus that inhabits the sedi-
ment at a depth of 50 m in the Yellow Sea near Sheyang Port,
Yancheng, China. (YCP is the acronym of Yancheng and
polysaccharide.) In an earlier study, YCP was found to be
able to increase phagocytic activity of mice in vitro and in vivo,
indicating that it may activate macrophages!. YCP could
significantly increase the production of NO and interleukin-1
(IL-1) by macrophages. It also significantly increased phago-
cytic activity of macrophages™. However, the YCP-binding
cellular receptor expressed by macrophages and the intracel-
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lular signal transduction pathways involved in YCP-induced
macrophage activation are poorly understood.

B-glucans are potent stimulators of the innate immune
system in invertebrates, while in mammals they are potent
activators of the complement system. Soluble and particulate
B-glucans interact with cognate receptors on macrophages to
stimulate the synthesis of cytokines, chemokines and reactive
oxygen intermediates. Even though several papers describ-
ing the immunostimulatory properties of -glucans are avail-
able in the literature!, a-glucans have been scarcely investi-
gated to date. We have reported previously on the isolation
and characterization of a novel (1,4)-a-D-glucan from the
mycelium of the marine filamentous fungus Phoma herbarum
YS4108™. Immunostimulatory properties of B-glucans have
been ascribed to their B-glycosidic linkages, degree of branch-
ing and solution conformation®. YCP is water soluble, and its
backbone likely possesses a linear a-(1,4)-linked glucose main
chain with an a-(1,6)-linked side chain'.



Macrophages are one of the most important immune cell
types, and they play a pivotal role in host defense and immu-
nomodulation. Macrophages are major sources of inflamma-
tory cytokines and proinflammatory radicals such as nitric
oxide (NO) and superoxide. These inflammatory mediators
can be both produced and utilized by macrophages in an
autocrine fashion. When activated, macrophages can release
cytokines, such as IL-1 and NO, to defend against microbial
infection and lyse tumor cells'..

Although the membrane receptor for YCP is not known,
some membrane proteins are assumed to act as receptors in
macrophages. Possible examples are Toll-like receptors and
CR3. Toll-like receptors are a family of membrane receptors
that has a relatively broad affinity for polysaccharides isolated

from a variety of sources”

. Complement receptor CR3 (also
called CD11b) is a pB-glucan-specific receptor for opsonized
polysaccharides in macrophages. Receptor engagement leads
to macrophage activation and an inflammatory responsel®.
The mitogen-activated protein kinase (MAPK) family member
p38 kinase is activated in response to lipopolysaccharide (LPS)
and plays a central role in NO production in macrophages'®.
To study the molecular basis of macrophage activation by
YCP, we investigated the effect of YCP on activation of p38
kinase as well as the involvement of the Toll-like receptors and

CR3 in YCP-mediated macrophage activation.

Materials and methods

Materials

YCP was isolated and characterized as described previously!..
Briefly, a hot water (80 °C) extract was prepared from the har-
vested mycelium of P herbarum YS4108. The active fraction,
YCP, was then isolated by a combination of fractionation pro-
cedures, including ethanol precipitation and chromatography
on DEAE-32 anion exchange and Sephacryl S-400 columns.
YCP appeared to be endotoxin-free. Necessary precautions
were taken to avoid endotoxin contamination throughout the
investigation by using endotoxin-free buffers, reagents and
sterile water. SB203580 was purchased from Calbiochem (San
Diego, CA, USA). Reagents used for cell culture were pur-
chased from Gibco (Grand Island, NY, USA). Anti-mouse/
human TLR?2, anti-human TLR4, anti-human TLR6 and anti-
mouse CD11b antibodies (Abs) were purchased from eBiosci-
ence (San Diego, CA, USA).

Cell culture

An established stable murine macrophage line, RAW264.7,
was used (kindly donated by Professor Ping Li). Cells were
grown in Dulbecco’s modified Eagle’s medium supplemented
with 10% fetal bovine serum, 4-(2-hydroxyethyl)-1-pipera-
zineethanesulfonic acid (15 mmol/L), glucose (25 mmol/L),
100 U/mL penicillin and 100 pg/mL streptomycin at 37 °C in
an atmosphere containing 5 % CO,+95 % air. Cultures were
passaged twice weekly at 1:4 split with the medium men-
tioned above.
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Preparation of fluorescence-labeled YCP

A solution containing 1-cyano-4-dimethylaminopyridine tet-
rafluoroborate (CDAP) (Sigma, USA)®* and hydroxyl group
activator (10 mg/0.1 mL acetonitrile) was added to an aque-
ous solution of YCP (30 mg/2 mL) while stirring. After 1
min, pH was raised to 9.0 by adding 0.25 mol/L NaOH. The
activation reaction proceeded for 2.5 min. Then, the CDAP-
activated YCP was mixed with 2 mg fluoresceinamine [2 mg/2
mL phosphate-buffered saline (PBS)], and pH was adjusted to
8.0 using 0.25 mol/L NaOH. The reaction was carried out in
the dark for 18 h at room temperature. The reaction mixture
was centrifuged at 4000 r/min for 8 min, and the supernatant
was collected. Next, fluorescence-labeled polysaccharide was
separated from free fluoresceinamine by gel filtration on a
Sephacryl S-400 column, and elution fractions (15 min/tube)
were collected. The amount of fluorescence-labeled polysac-
charide was determined by phenol-sulfuric acid assay, and
the content of fluoresceinamine was determined by measuring
absorbance at 440 nm. A standard curve was prepared using
serially diluted glucose. The standard curve was constructed
using serially diluted fluoresceinamine in PBS.

Confocal laser microscopy

Living macrophages growing on glass cover slips were incu-
bated with fluorescence-labeled YCP (fl-YCP) for 1 h at 4 °C.
After a brief wash with PBS, cells were observed through fluo-
rescence confocal laser microscopy (Leica) with 450 nm excita-
tion and 520 nm emission wavelengths.

Flow cytometry

Cell suspensions were centrifuged, and the cell pellets (1x10°/
tube) were resuspended with 50 pL of fl-YCP (100 pg/mL)
and incubated for 1 h at 4 °C. The cells were washed twice
in PBS and resuspended in 500 pL of PBS for flow cytometric
analysis on a fluorescence-activated cell sorter (FACS) Calibur
(Becton-Dickinson).

Carbohydrate and antibody inhibition experiments

All carbohydrates were obtained from Sigma (USA). To per-
form inhibition assays, the cells (1x10°/tube) were treated
with laminarin, mannose or LPS at 1 mg/mL for 1 h and
then fl-YCP (100 pg/mL) for another hour at 4 °C. After two
washes with PBS, the cells were resuspended in 500 pL of PBS
for flow cytometric analysis.

The antibody inhibition experiments were performed simi-
larly, except that the cells were incubated with the monoclonal
antibodies in PBS for 1 h and then washed extensively before
the determination of fl-YCP binding!"’.

Nitrite quantitation

NO,  accumulation was used as an indicator of NO produc-
tion as previously described™. Cells were plated at 4x10°
cells/mL in 96-well culture plates and stimulated with YCP
for 24 h. The isolated supernatants were mixed with an equal
volume of Griess reagent (1% sulfanilamide, 0.1% naphthyl-
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ethylenediamine dihydrochloride and 2% phosphoric acid)
and incubated at room temperature for 10 min. Using NaNO,
to generate a standard curve, nitrite production was estimated
by measuring optical density at 550 nm.

Western immunoblot analysis

Whole cell lysates (20 pg, for phospho-p38 and p38) were
separated by 10% sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE) and then electro-transferred to
nitrocellulose membranes (Amersham International, Buck-
inghamshire, UK). The membranes were preincubated for
1 h at room temperature in Tris-buffered saline (TBS) contain-
ing 0.05% Tween 20 and 3% bovine serum albumin at pH 7.6.
The nitrocellulose membranes were incubated with p38- and
phosphorylated p38-specific antibodies (Beyotime Institute
of Biotechnology, China). Immunoreactive bands were then
detected by incubation with conjugates of anti-mouse anti-
body with horseradish peroxidase and enhanced chemilumi-
nescence reagents (Amersham)!'.

Statistical analysis

The mean+SD was determined for each treatment group in
a given experiment. When significant differences occurred,
treatment groups were compared with the vehicle control
using a Dunnett’s two-tailed ¢-test.

Results

Fluorescence labeling of YCP

In order to be able to identify cells expressing specific
receptor(s) for YCP, YCP was conjugated with fluorescein-
amine using the CDAP-activation method as described in
Materials and methods.
YCP (fl-YCP) was separated from free fluoresceinamine in the
labeling mixture by filtration on a Sephacryl S-400 column. All
fractions were monitored for carbohydrate and fluorescein-
amine concentration. As shown in Figure 1, a small amount
of fluoresceinamine co-eluted with polysaccharides, while free
fluoresceinamine eluted much more slowly. Fluorescence-

The resultant fluorescence-labeled
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Figure 1. Polysaccharide labeling with fluoresceinamine. CDAP-activated
YCP reacted with fluoresceinamine for 18 h at room temperature. The
mixtures were fractionated on a Sephacryl S-400 column, concentration
(ug/mL) of fluoresceinamine (A) and YCP (o) in each fraction were
determined. n=3.
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labeled polysaccharide fractions were mixed, adjusted to a
concentration of 1 mg/mL and stored at -20 °C for future use.

Time and concentration dependence of fl-YCP binding to cells

Initial experiments tested the time (Figure 2A) and concen-
tration (Figure 2B) dependence of fl-YCP binding to mac-
rophages. Saturable fl-YCP binding to macrophages occurred
within 60 min at 100 pg/mL. Saturable binding to mac-
rophages at 4 °C was demonstrated by Scatchard analysis and
indicated a class of specific receptors with a B,,,,, (fluorescence
intensity of 1x10° cells) of 263 and a K, of 1.1x10® mol/L.
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Figure 2. (A) Time dependence of fI-YCP binding in macrophages.
RAW264.7 cells were stained with fl-YCP at 100 pg/mL for O, 10, 30,
60, 90, or 240 min at 4 °C for flow cytometric analysis. n=3. (B)
Concentration dependence of fl-YCP binding in macrophages. RAW264.7
cells were stained with fl-YCP at O, 10, 50, 100, 150, or 200 pyg/mL for 60
min at 4°C for flow cytometric analysis. n=3.
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Figure 3. Live macrophage observed through confocal laser microscopy
after incubation with fl-YCP for 1 h. Excitation and emission wavelengths
were 450 nm and 520 nm, respectively. n=2.
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Specific binding of fl-YCP to macrophages was also observed
using a confocal laser-scanning microscope (Figure 3).

Competitive inhibition of fl-YCP binding to cells by laminarin,
mannose or LPS

To address whether laminarin, mannose or LPS binds the
same cellular receptor(s) as YCP, the ability of laminarin, man-
nose or LPS to inhibit the binding of fl-YCP to target cells was
measured by flow cytometric analysis. Figure 4A and Figure
4B show that laminarin and LPS effectively, although not com-
pletely, inhibited fl-YCP binding to RAW264.7 cells. In con-
trast, mannose did not exhibit any significant inhibitory effect
in similar experiments (data not shown).

Role of TLR2, TLR4, TLR6, and CD11b in YCP-mediated activa-
tion of macrophages

In order to determine if TLR2, TLR4, TLR6, or CD11b plays a
role in YCP-mediated activation of macrophages, RAW264.7
cells were incubated with anti-TLR2, anti-TLR4, anti-TLR®6,
and anti-CD11b Abs for 1 h and then with fl-YCP (100 pg/mL)
for another hour at 4 °C. As shown in Figure 4C and Figure
4D, anti-TLR4 and anti-CD11b Abs significantly inhibited the
ability of fl-YCP to bind to macrophages, suggesting a direct
interaction between YCP and TLR4 or CD11b on the cell sur-
face. By contrast, anti-TLR2 and TLR6 did not exhibit any
significant inhibitory effect in similar experiments (data not
shown).

Activation of p38 kinase in response to YCP in RAW264.7 cells

To further investigate the molecular mechanism of YCP-
mediated activation of macrophages, we focused on signal
transduction pathways. Because p38 kinase activity has been
shown to be required for iNOS induction by LPS in RAW264.7
macrophages, we assessed the effect of YCP on p38 kinase
activation. Activation of p38 kinase requires phosphorylation
at threonine and tyrosine residues. Immunoblot analysis with
phospho-p38-specific (Thr180/Tyr182) antibody was per-
formed. Time course experiments showed the peak activation

of p38 occurred 20 min after treatment, and activity declined
to basal levels within 60 min of treatment (Figure 5A).

Effect of p38 inhibition on nitrite production in macrophages
YCP has been reported to activate mouse peritoneal macro-
phages!'. In the present study, we confirmed the effect of YCP
on macrophage activation using RAW264.7 cells. Upon stimu-
lation with YCP (50, 100, 150, 200, or 250 pg/mL), nitrite gen-
eration by RAW264.7 cells was increased in a dose-dependent
manner (Figure 5B).

Since YCP activated p38, we further investigated whether
the p38 kinase pathway was involved in YCP-induced nitrite
generation. We specifically blocked the p38 kinase pathway
and monitored nitrite production when RAW264.7 cells were
challenged with YCP. SB203580, a bicyclic imidazole com-
pound, is a specific inhibitor of p38™!. SB203580 treatment
almost completely blocked YCP-induced nitrite generation
(Figure 5C). This result suggests that p38 kinase activity is
important in the regulation of nitrite production by YCP.

Effects of anti-TLR2, anti-TLR4, anti-TLR6, and anti-CD11b Abs
treatments on YCP-induced nitrite production and p38 activation
To further characterize the membrane receptor of YCP, we
assessed the effects of anti-TLR2, anti-TLR4, anti-TLR6, and
anti-CD11b Abs treatments on YCP-induced production of
nitrite. Treatment of RAW264.7 cells with anti-TLR4 or anti-
CD11b Abs reduced YCP-induced nitrite production by 48%
and 27%, respectively (Figure 6A). Treatment with anti-TLR4
and anti-CD11b antibodies reduced nitrite production by
84%%6% (data not shown). These results suggest that YCP
induces nitrite production through the activation of TLR4 and
CD11b.

We further analyzed the relationship between membrane
receptor and p38 kinase pathways. Treatment of RAW264.7
cells with anti-TLR4 Ab and anti-CR3 Ab blocked YCP-in-
duced p38 phosphorylation (Figure 6B). These results suggest
that YCP-mediated activation of TLR4 and CR3 induces p38
kinase activity.

Figure 4. Competitive inhibition of fl-YCP
binding to cells by laminarin (A) or LPS (B).
RAW264.7 cells were stained with fl-YCP
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in the presence or absence of laminarin
or LPS at 1 mg/mL for 1 h at 4 °C for flow
cytometric analysis. n=3. Inhibition of fl-YCP
binding to macrophages by anti-TLR4 (C) or
anti-CD11b (D) Ab. RAW264.7 cells were
treated with anti-mouse/human TLR4 or
anti-mouse CD11b for 1 h at 4 °C followed
by fl-YCP staining. n=3.
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Figure 5. (A) Activation of p38 by YCP in RAW264.7 cells. RAW264.7
cells were stimulated with YCP (100 ug/mL) for the indicated times. Cell
extracts were then prepared and subjected to Western immunoblotting
using antibodies specific for p38 or phosphorylated p38. n=3. (B) Effect
of YCP on NO production in RAW264.7 cells. RAW264.7 cells were
incubated with YCP (50, 100, 150, 200, or 250 ug/mL) for 24 h. Levels
of nitrite in supernatants were determined using Griess reagent. n=3. (C)
Effect of SB203580 on nitrite production in YCP-stimulated RAW264.7
cells. RAW264.7 cells were pretreated with SB203580 (30 umol/L) for 30
min before incubation with YCP (100 pg/mL) for 24 h. Nitrite generation
was determined from the culture supernatant. n=2. °P<0.01.

Discussion
We have previously demonstrated that YCP could bind to
receptors on monocytes and macrophages! and stimulate
macrophages to produce cytokines such as NO and IL-1,
However, the intracellular signal transduction pathways
involved in YCP-induced cytokine synthesis by macrophages
are poorly understood. In the present study, we demonstrate
that YCP is capable of inducing nitrite release from RAW264.7
cells in a TLR4- and CR3-dependent manner. Additionally,
we show that p38 kinase activation is required for NO produc-
tion in YCP-stimulated RAW264.7 cells.

In this paper, we show that the organic cyanylating reagent
1-cyano-4-dimethylaminopyridine tetrafluoroborate (CDAP)
can be used to synthesize fluorescence-labeled polysaccha-
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Figure 6. (A) Effects of anti-TLR2, anti-TLR4, anti-TLR6 and anti-CD11b
Ab treatments on YCP-induced nitrite production. RAW264.7 cells were
treated with anti-mouse/human TLR2 (5 pg/mL), anti-human TLR4 (5
yug/mL), anti-human TLR6 (5 pg/mL) or anti-mouse CD11b (5 pg/mL)
for 1 h before stimulation with YCP (100 pg/mL). Nitrite generation was
determined after 24 h of culture. n=3. °P<0.01. (B) Effects of anti-TLR2,
anti-TLR4, anti-TLR6 and anti-CR3 Ab treatments on YCP-induced p38
activation. RAW264.7 cells were treated with anti-mouse/human TLR2 (5
ug/mL), anti-human TLR4 (5 pg/mL), anti-human TLR6 (5 pg/mL) or anti-
mouse CR3 (5 pg/mL) for 1 h before stimulation with YCP (100 ug/mL)
for 20 min. Cell extracts were then prepared and subjected to Western
immunoblotting using antibodies specific for p38 or phosphorylated p38.
n=3. °P<0.01 vs YCR group.

rides. CDAP"Y), an organic cyanylating reagent, is useful for
activating soluble polysaccharides in a manner similar to the
better known reagent cyanogen bromide (CNBr). In com-
parison to CNBr, CDAP is easier to use, can be employed at
a lower pH and has fewer side effects. In order to be able to
identify cells expressing specific receptor(s) for YCP, YCP was
conjugated with fluoresceinamine using the CDAP-activation
method.

Toll-like receptors (TLRs) are pattern recognition recep-
tors that primarily recognize characteristic molecular pat-
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terns present in microbes. TLRs are expressed by various
cells of the immune system. Monocytes, mast cells, dendritic
cells, macrophages, neutrophils, NK cells, B cells and T cells
are some of the prominent cell types showing an immune
response to TLR agonists™. The TLR family now consists of
10 different members (TLR1-TLR10)". TLR4, a mammalian
homologue of the Drosophila Toll receptor, has been identi-
fied as an important membrane receptor of macrophages'”. It
mediates macrophage activation by transmitting a variety of
extracellular signals™?. Complement receptor CR3 (also called
Mac-1, CD11b/CD18, and ayf-integrin) has been identified
as the leukocyte membrane receptor for B-glucans. They
are expressed on the surface of neutrophils, monocytes, mac-
rophages, and NK cells and are involved in numerous cell-
cell and cell-substrate interactions. Multiple proteins have
been implicated in the initial steps of LPS signaling. These
include TLRs, heat shock proteins, chemokine receptors and
the caspase-activator Nod 1", Mannose signaling occurs
through the mannose receptor/DC-SIGN/MBL/SP-A/SP-D
pathway™".
weight neutral B-glucan polymer, occurs through CR3™. To

Signaling induced by laminarin, a low molecular

determine which receptor is specific for YCP, we assessed the
effect of LPS (ligand of TLR4), mannose (ligand of mannose
receptors), and laminarin (ligand of CR3) on fI-YCP binding.
The ability of LPS or laminarin to competitively inhibit the
binding of YCP to macrophages suggests that the receptors
of LPS and laminarin are also involved in fl-YCP binding to
target cells. The ability of anti-TLR4 and anti-CR3 monoclo-
nal antibodies to inhibit fl-YCP binding also supports this
notion. TLR4 signaling pathways may play a role in immune
cell activation by mediating polysaccharide-based biological
response modifiers?!],
to activate complement and TLRs at the same time, suggesting

Local or systemic infections are likely

that complement receptor pathways may intersect with TLR
pathways™. We propose that, although TLR4 is likely the pri-
mary receptor, YCP might interact with other receptors, such
as CR3.

Nitric oxide (NO) is one of the inflammatory mediators
produced by various cell types including macrophages in
response to infection. NO is a short-lived free radical synthe-
sized from L-arginine by nitric oxide synthase (NOS)*. NOSs
can be grouped into two constitutive types (cNOS) in neuronal
and epithelial cells and one inducible type (iNOS) produced
by immune cells during inflammation. It is well documented
that iNOS is overproduced in several cell types after stimu-
lation by bacterial components during sepsis, which subse-
quently leads to the overproduction of NO®. NO contributes
to the killing of microorganisms and tumor cells by activated
macrophages and mediates a variety of biological functions
as an intracellular messenger molecule. LPS is a well-known
inducer of NO production in inflammatory cells. In the pres-
ent study, we have shown that YCP induces NO production
from macrophages through the membrane receptors TLR4 and
CR3.

LPS signals through TLR4, which activates downstream
molecules such as myeloid differentiation factor 88 (MyD88) to

induce production of inflammatory cytokines®. Signals trans-
mitted through TLR4 trigger activation of several members of
the MAPK family™!. A major role of MAPKs is the transmis-
sion of extracellular signals to the nucleus, where the tran-
scription of specific genes is induced by the phosphorylation
and activation of transcription factors. The MAPK family is
a group of serine/threonine-specific, proline-directed protein
kinases. LPS induces tyrosine phosphorylation and activation
of MAPK family members such as ERK1/2, p38, and SAPK/
JNK in macrophages. The p38 kinase is an important media-
tor of stress-induced gene expression’. Signaling by p38 is
required to transduce signals leading to NF-xB/Rel activation,
NOS expression and NO production in macrophages. The
activation of NF-xB is regulated by cellular kinases, including
p38. NF-kB is located in the cytoplasm of unstimulated cells
and linked to the inhibitory protein IxB. NF-«B activation
results from pro-inflammatory stimuli, which coincide with
IxB phosphorylation and degradation via the IKK signalosome
complex. This process results in the release of free NF-xB
dimers (p50 and p65) that translocate to the nucleus where
they are involved in the transcription of target genes such as
iNOS, TNF-a, and IL-1p"*. The p38 MAPK signaling pathway
plays an important role in promoting inflammatory disease”.
Activation of p38 induces the production of key inflammatory
mediators. In particular, p38 is activated by LPS stimulation
and has been postulated to play an important role in the con-
trol of iNOS expression*l. We have shown that the p38 kinase
pathway is an important mediator of NO production by YCP
in two ways. First, YCP causes maximal activation of p38
kinase in RAW264.7 macrophages after 20 min. Second, spe-
cific inhibitors of p38 kinase (SB203580) completely blocked
YCP-induced NO release.

In summary, these experiments demonstrate that YCP
is capable of inducing NO production from macrophages
through TLR4 and CR3 pathways. Based on our findings, the
most likely mechanism that can account for this effect involves
the activation of p38 kinase pathways. However, further stud-
ies should be undertaken to fully understand the intracellular
processes involved in YCP-mediated macrophage activation.
It is possible that YCP may be used clinically as a biological
response modifier to activate macrophages.
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