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Abstract
Recent evidence suggests that the macrophage scavenger receptor class A (SR-A, aka, CD204)
plays a role in the induction of innate immune and inflammatory responses. We investigated
whether SR-A will cooperate with Toll-like receptors (TLRs) in response to TLR ligand
stimulation. Macrophages (J774/a) were treated with Pam2CSK4, (TLR2 ligand), Poly I:C (TLR3
ligand), and LPS (TLR4 ligand) for 15 min in the presence or absence of fucoidan (the SR-A
ligand). The levels of phosphorylated IκBα (p-IκBα) were examined by Western blot. We
observed that Poly I:C and LPS alone, but not Pam2CSK4 or fucoidan increased the levels of p-
IκBα. However, LPS-induced increases in p-IκBα levels were further enhanced when presence of
the fucoidan. Immunoprecipitation and double fluorescent staining showed that LPS stimulation
promotes SR-A association with TLR4 in the presence of fucoidan. To further confirm our
observation, we isolated peritoneal macrophages from SR-A deficient (SR-A−/−), TLR4−/− and
wild type (WT) mice, respectively. The peritoneal macrophages were treated with LPS for 15 min
in the presence and absence of fucoidan. We observed that LPS-stimulated TNFα and IL-1β
production was further enhanced in the WT macrophages, but did not in either TLR4−/− or SR-
A−/− macrophages, when fucoidan was present. Similarly, in the presence of fucoidan, LPS-
induced IκBα phosphorylation, NF-κB binding activity, and association between TLR4 and SR-A
were significantly enhanced in WT macrophages compared with LPS stimulation alone. The data
suggests that SR-A is needed for LPS-induced inflammatory responses in macrophages.
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Introduction
Toll-like receptors (TLRs) play an important role in the regulation of innate immune and
inflammatory responses by recognition of pathogen associated molecular patterns (PAMPs)
that are not present in the host[1]. To date, more than ten TLRs have been identified in
mammals[1]. TLRs recognize cell wall products from various pathogens and transduce an
activation signal into the cell[1]. TLRs (TLR1, TLR2, TLR4, TLR5 and TLR6), which are
expressed on the cell surface are involved in the recognition of structures unique to bacteria
or fungi, while TLRs that are localized in intracellular compartments (TLR3, TLR7, TLR8,
and TLR9) recognize viral or bacterial nucleic acids. After recognition of PAMPs, TLR-
mediated cellular signaling predominately activates NF-κB which is an important
transfection factor regulating a group of gene expression involved in innate immune and
inflammatory responses [1].

The macrophage scavenger receptor class A (SR-A, aka CD204) was initially discovered
due to its ability to bind and internalize modified low-density lipoprotein by macrophages
[10,16,32]. Subsequently, numerous studies have reported that SR-A can recognize and clear
modified host components, apoptotic cells, and pathogens [11]. Recent evidence suggests
that SR-A plays a critical role in the induction of innate immune and inflammatory
responses by recognition of exogenous PAMPs and endogenous ligands [7]. However, the
mechanisms by which SR-A may regulate the innate immune and inflammatory responses
have not been entirely elucidated.

It is well known that both SR-A and TLR4 express on the cell surface of macrophages and
dendritic cells [16,27,30,32]. Recent studies have reported that there is an interaction
between SR-A and TLR4 in response to microbial challenge [3,5,23,31]. For example, SR-A
acts as a co-receptor for TLRs to facilitate innate immune recognition and response,
resulting in an over exuberant response [28]. On the other hand, TLR ligands synergize with
SR-A to mediate bacterial phagocytosis [2], induce SR-A expression [31], and promote SR-
A binding to LPS which is the TLR4 ligand[31]. However, it is still unclear whether SR-A is
required for TLR ligand-induced inflammatory responses.

In the present study, we examined whether SR-A plays a role in LPS-induced inflammatory
response in macrophages. We observed that LPS-induced NF-κB activation and
inflammatory cytokine production were significantly enhanced in the wild type
macrophages when fucoidan, the SR-A ligand, was present. In the absence of SR-A, LPS-
stimulated NF-κB binding activity and inflammatory cytokine production were significantly
reduced. The data suggests that SR-A is required for LPS-induced inflammatory response
through TLR4-mediated NF-κB activation pathway.

Materials and Methods
Animal

Breeding pairs of SR-A−/− mice on the C57BL/6J background were provided by Dr. Siamon
Gordon, Sir William Dunn School of Pathology, Oxford University [6,21]. A small breeding
colony was established at East Tennessee State University (ETSU). The TLR4−/− mice
(C57BL/10ScCr) and wild type (WT, C57BL/10ScSn) mice were obtained from Jackson
Laboratory (Bar Harbor, ME) as described previously[15]. Mice were maintained and or
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bred in the Division of Laboratory Animal Resources at ETSU. The experiments outlined in
this manuscript conform to the Guide for the Care and Use of Laboratory Animals published
by the National Institutes of Health (NIH Publication No. 85–23, revised 1996). The animal
care and experimental protocols for this study were approved by the ETSU Committee on
Animal Care.

Cell culture and treatment
The murine macrophage cell line J774 A.1 was obtained from ATCC (ATCC, Manassas,
VA, USA). The cells were cultured at 37°C in a humidified incubator (95% air with 5%
CO2) in RPMI-1640 medium with 10% fetal bovine serum (FBS), 10 U/ml penicillin and 10
mg/ml streptomycin. Cells (2×106/ml) were cultured in 100 mm tissue culture dishes in
RPMI-1640 medium overnight and treated with fucoidan (50 µg/ml, Sigma, St. Louis, MO),
Pam2CSK4 (10 ng/ml, InvivoGen, San Diego, CA), Poly I: C (1 µg/ml, InvivoGen), and
LPS (1 µg/ml, from E. coli 055:B5, Catalog No: L6529, Sigma), respectively, for the
indicated times. The cells were harvested for isolation of the nuclear and cytoplasmic
proteins as described previously[12,18].

We also isolated peritoneal macrophages from WT and SR-A−/− and TLR4−/− mice. Briefly,
thioglycollate-elicited peritoneal macrophages were prepared by using a standard
protocol[9]. In brief, the mice were injected intrapertoneally with 1.5 ml of 3% sterile
Brewer thioglycollate medium (Becton-Dickinson Microbiology Systems, Sparks, MD).
Three days after injection, macrophages were harvested from the peritoneal cavity by
lavaging sterile phosphate buffered saline. The macrophages were centrifuged at 400 × g for
10 min resuspended in RPMI 1640 medium supplemented with 10% fetal calf serum,
streptomycin (0.1 mg/ml), and penicillin (100 U/ml). The cells (2×106/ml) were cultured in
100 mm tissue culture dishes (Corning, Inc, Corning, NY) for 2 hrs at 37°C in a humidified
incubator with 5% CO2. After rinsing with PBS, adherent macrophages were cultured in
RPMI 1640 medium at 37°C with 5% CO2 overnight. The cells were treated with fucoidan
(50 µg/ml), and LPS (1 µg/ml), respectively, for the indicated times. There were 3 replicates
in each group. The cells were harvested and the nuclear and cytoplasmic proteins were
isolated as described previously [12,18]. The supernatants were collected for analysis of
inflammatory cytokines (TNF-α and IL-1β).

Western blot
Western blot was performed as described previously[12,17–19]. Briefly, the cellular proteins
were separated by SDS-PAGE and transferred onto Hybond ECL membranes (Amersham
Biosciences, Amersham place, Little Chalfon, England). The ECL membranes were
incubated with the appropriate primary antibody (anti-phospho-IκBα, anti-IκBα (Cell
Signaling Technology Inc. Beverly, MA), anti-TLR4 (a gift from Dr. Ruslan Medzhitov at
Yale University) and anti-SR-A (Santa Cruz Biotechnology, Santa Cruz, CA), respectively,
followed by incubation with peroxidase-conjugated secondary Abs (Cell Signaling
Technology). The same membranes were probed with anti-GAPDH (BioDesign, Saco, ME)
after being washed with stripping buffer. The signals were detected and quantified with a G:
Box system (Syngene, Frederick, MD).

Immunoprecipitation
Immunoprecipitation was performed as described previously [12,18]. Briefly, approximately
800 µg of cellular proteins were immunoprecipitated with 2 µg of antibody to SR-A (Santa
Cruz Biotechnology) for 1 hr at 4°C followed by the addition of 20 µl of protein A/G-
agarose beads (Santa Cruz Biotechnology). The precipitates were washed four times with
lysis buffer and subjected to immunoblotting with anti-TLR4 and anti-SR-A antibodies,
respectively [12, 18].
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Electrophoretic mobility shift assay (EMSA)
Nuclear proteins were isolated from heart samples as previously described[12,15,18]. NF-
κB binding activity was examined by Light Shift Chemiluminescent EMSA kit (Thermo
Scientific) according to the instructions of the manufacturer.

ELISA
The levels of inflammatory cytokines; TNFα and IL-1β, were measured in the supernatants
from cultured peritoneal macrophages using commercially available ELISA kits
(PeproTech, Rocky Hill, NJ) according to the instructions provided by the manufacturer.

Double fluorescent staining
Macrophages were incubated with blocking buffer prior to incubation with a specific anti-
SR-A (from goat, 1:100, Santa Cruz, CA) at 4°C overnight. After washing, the cells were
incubated with Alexa 555 conjugated anti-goat IgG (1:100, GeneTex, San Antonio, TX) for
1 h at 25°C. The cells were washed again before incubation with anti-TLR4 (rabbit, 1:100, a
gift from Dr. Ruslan Medzhitov at Yale University) at 4°C overnight. After washing, the
cells were incubated with FITC conjugated anti-rabbit (1:100, GeneTex, San Antonio, TX)
for 1 h at 25°C. The cells were covered with fluorescence mounting medium (Vector labs,
Burlingame, CA). Images were captured with an EVOS digital inverted fluorescence
microscope (Advanced Microscopy Group. Bothell, WA).

Statistical analysis
Data are expressed as mean ± SE. Comparisons of data between groups were made using
one-way analysis of variance, and Tukey's procedure for multiple range tests was performed.
P < 0.05 was considered significant.

Results
Fucoidan treatment enhances LPS-induced IκBα phosphorylation in macrophages

Recent studies have shown that there is a cooperative effect of scavenger receptors and
TLRs on the response to the stimulation with PAMPs [7]. We examined whether SR-A will
be required for TLR ligand-induced NF-κB activation. IκBα phosphorylation is the first
step for NF-κB nuclear translocation and activation of inflammatory gene expression [1],
therefore, we examined IκBα phosphorylation (p-IκBα) as an indicator for NF-κB
activation. The macrophage cell line J774a.1 were treated with Pam2CSK4 (TLR2 ligand),
Poly I:C (TLR3 ligand) and LPS (TLR4 ligand), respectively, in the presence and absence of
fucoidan (SR-A ligand). IκBα phosphorylation was examined. As shown in Figure 1A, Poly
I:C and LPS, but not Pam2CSK4, significantly increased the levels of p-IκBα, respectively,
compared with untreated control. Fucoidan treatment alone did not induce IκBα
phosphorylation in J774a.1 cells. Interestingly, LPS-induced IκBα phosphorylation was
significantly enhanced when fucoidan was present. However, fucoidan treatment did not
affect IκBα phosphorylation in the macrophages treated with either Poly I:C or
Pam2CSK4.The data suggests that fucoidan synergizes with LPS to enhance NF-κB
activation.

Fucoidan enhances LPS-induced IκBα phosphorylation in a time-dependent manner
Next, we examined whether the synergistic effect of fucoidan on LPS-induced IκBα
phosphorylation is time-dependent. We treated J774a.1 cells with LPS for 0, 15, 30, 60 and
120 min, respectively, in the presence and absence of fucoidan and measured IκBα
phosphorylation. Figure 1B shows that, following LPS stimulation, the levels of p-IκBα
peaked at 15 min (5.7 fold) and gradually decreased but remained higher than untreated
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controls at 30 and 60 min after treatment. Treatment of macrophages with fucoidan alone
did not increase the levels of p-IκBα. However, the levels of IκBα phosphorylation in
fucoidan + LPS treated cells were significantly higher than that of LPS treatment alone with
the peak response occurring at 15 min. The data suggests that fucoidan synergistically
enhances the effect of LPS on IκBα phosphorylation in a time-dependent manner.

Fucoidan enhances LPS-induced co-association of SR-A and TLR4
To explore potential mechanisms, we examined whether there was an association between
SR-A and TLR4 following LPS stimulation in the presence or absence of fucoidan.
Macrophages were treated with LPS for 15 min in the presence or absence of fucoidan. The
cells were harvested and the cellular proteins were isolated for immunoprecipitation with
specific anti-SR-A followed by immunoblot with specific anti-TLR4. Figure 2A shows that
LPS stimulation induced an association between SR-A and TLR4 as demonstrated by the
presence of TLR4 in SR-A immunoprecipitates. Fucoidan treatment enhanced LPS-induced
association of SR-A with TLR4 (Figure 2A). Double fluorescent staining using specific
antibodies to SR-A and TLR4 showed that there was no detectable co-localization between
SR-A and TLR4 in both untreated control cells and fucoidan-treated cells. LPS stimulation
induced co-localization of SR-A with TLR4 as shown by the yellow color in the merged
double fluorescent staining image (Figure 2B). Importantly, in the presence of fucoidan,
LPS-induced co-localization between SR-A and TLR4 was further increased. The data
suggest that presence of fucoidan enhanced LPS-induced IκBα phosphorylation (Figure 1B)
through promotion of the interaction between SR-A and TLR4.

SR-A is required for LPS-induced NF-κB activation in macrophages
To determine whether SR-A is required for the fucoidan-enhanced LPS-induced NF-κB
activation in macrophages, we isolated peritoneal macrophages from WT, TLR4−/− and SR-
A−/− mice, respectively. The cells were stimulated with LPS in the presence and absence of
fucoidan. NF-κB binding activity was measured. Figure 3 shows that LPS stimulation
increased the levels of p-IκBα (A) and NF-κB binding activity (B) in both WT and SR-A−/−

macrophages compared with untreated control. In the presence of fucoidan, LPS-increased
levels of p-IκBα and NF-κB binding activity were further enhanced in WT macrophages but
not in SR-A−/− macrophages. LPS or fucoidan treatment alone did not induce increases in
IκBα phosphorylation and NF-κB binding activity in TLR4−/− macrophages (Figure 3A, B).
However, the levels of p-IκBα and NF-κB binding activity were significantly enhanced
when the TLR4−/− macrophages were treated with LPS + fucoidan. The data suggests that
SR-A is needed for maximal LPS-induced response in macrophages.

Double fluorescent staining showed that there was no detectable co-localization of SR-A
with TLR4 in both untreated-control and fucoidan-treated WT macrophages. LPS treatment
induced a co-localization of SR-A with TLR4 in WT macrophages. When fucoidan was
present, LPS-induced co-localization of SR-A and TLR4 was further enhanced (Figure 3C).
There was no detectable co-localization of TLR4 and SR-A in TLR4−/− or SR-A−/−

macrophages, as expected, after treatment with fucoidan, LPS, or LPS + fucoidan (Figure
3D, 3E). The data suggests that fucoidan-enhanced the effect of LPS on NF-κB activation
may be mediated via co-association between SR-A and TLR4.

Fucoidan synergizes with LPS to increase inflammatory cytokine secretion in
macrophages

TLR4-mediated signaling predominantly activates NF-κB which is an important
transcription factor controlling inflammatory cytokine gene expression [1]. We examined
whether fucoidan treatment will enhance LPS-induced inflammatory cytokine production.
Peritoneal macrophages were isolated from WT, TLR4−/− and SR-A−/− mice, respectively
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and treated with LPS for 24 hrs in the presence and absence of fucoidan. The supernatants
were harvested and the levels of TNFα and IL-1β were measured by ELISA kits. As shown
in Figure 4 LPS stimulation increased the secretion of TNFα and IL-1β in WT
macrophages. In the presence of fucoidan, however, LPS-increased TNFα and IL-1β
production was further enhanced in WT macrophages. LPS also stimulated production of
TNF-α in both TLR4−/− and SR-A−/− macrophages but the levels were significantly lower
than that in WT macrophages. Fucoidan treatment did not enhance LPS-stimulated
production of TNFα and IL-1β in either TLR4−/− or SR-A−/− macrophages.

Discussion
The major finding in the present study was that SR-A is needed for LPS-stimulation of NF-
κB activation and inflammatory cytokine production in macrophages. LPS stimulation
induced NF-κB activation and an association of TLR4 with SR-A in WT macrophages
which were further enhanced when the SR-A ligand, fucoidan, was present. Deficiency of
either SR-A or TLR4 significantly reduced the response of macrophages to LPS stimulation.
These data indicate that presence of SR-A is an essential for LPS-induced TLR4-mediated
NF-κB activation and inflammatory cytokine production in macrophages.

SR-A is a trimeric membrane glycoprotein that is expressed on macrophages and dendritic
cells [11, 24, 26]. Initial studies have reported that SR-A expressed on macrophages to bind
and internalize modified LDL [10]. Recently, SR-A has been shown to mediate
phagocytosis, promote cell adhesion and recognize several PAMPs, including LPS,
lipoteichoic acid (LTA), bacterial CpG DNA, double–stranded RNA, and yeast zymosan/β-
glucans [4,14,20,22,34]. Interestingly, these PAMPs can also be recognized by TLRs [1],
indicating there is a possible cooperation between SR-A and TLRs in response to the
stimulation with the PAMPs. Indeed, recent studies have shown that SR-A acts as a pattern
recognition receptor (PRR) and cooperates with other PRRs to facilitate innate immune
recognition and inflammatory responses [14, 20, 28, 34].

In the present study, we observed that stimulation of macrophages with the TLR3 ligand,
Poly I:C, and the TLR4 ligand, LPS, significantly increased the levels of IκBα
phosphorylation. Interestingly, in the presence of fucoidan, the SR-A ligand, TLR4 ligand,
but not TLR2 or TLR3 ligand, induced-IκBα phosphorylation in macrophages was further
enhanced. The data suggests that SR-A could synergistically cooperate with TLR4 in
response to LPS stimulation. Recently, Seimon et al have reported that SR-A can act
cooperatively with TLR4 to facilitate innate immune recognition and response [28]. These
authors have shown that stimulation of SR-A with its ligand promotes a TLR4-mediated
pro-inflammatory and pro-apoptotic responses in LPS exposed macrophages [28]. SR-A
ligands trigger apoptosis in endoplasmic reticulum (ER)-stressed macrophages by
cooperating with TLR4 [28]. Other studies have also shown that stimulation of SR-A
resulted in the induction of innate immune and inflammatory responses [14, 20, 34]. On the
other hand, TLR ligands synergize with SR-A to mediate bacterial phagocytosis [2], induce
SR-A expression [31], and promote SR-A binding to the TLR4 ligand, LPS [31].
Collectively, these data suggest that SR-A and TLR4 cooperatively stimulate the innate
immune and inflammatory responses. However, it is unclear how SR-A cooperates with
TLR4 in the induction of innate immune and inflammatory responses.

To address whether SR-A synergistically cooperates with TLR4 in response to LPS
stimulation in macrophages, we performed immunoprecipitation with anti-SR-A followed
by immunoblot with anti-TLR4. We observed that LPS stimulation alone induced an
association between SR-A and TLR4 in macrophages as evidenced by showing the presence
of TLR4 in the immunoprecipitation with anti-SR-A. Importantly, the LPS-induced
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association of SR-A with TLR4 was significantly greater than that of LPS stimulation alone
when the SR-A ligand, fucoidan, was present. Double fluorescent staining showed a
consistent result demonstrating increased co-localization of SR-A with TLR4 following LPS
+ fucoidan stimulation. The data suggest that the presence of SR-A is essential for maximal
LPS-induced response in macrophages. Indeed, LPS-induced NF-κB binding activity and
inflammatory cytokine production was further increased in WT macrophages when fucoidan
was present, indicating that SR-A synergistically cooperates with TLR4 in response to LPS
stimulation in macrophages. In contrast, SR-A deficiency resulted in significantly reduced
NF-κB binding activity and inflammatory cytokine production even in the presence of both
LPS and fucoidan, suggesting that SR-A is required for maximal LPS-induced activation of
the TLR4-mediated NF-κB pathway. At present, we do not understand the mechanisms by
which LPS promoted SR-A interaction with TLR4 when the SR-A ligand was present.
However, recent studies have shown that SR-A interacts with Mer receptor tyrosine kinase
[29] and Lyn kinase [24]. Fong et al [8] have reported phosphorylation of SR-A intracellular
domains may facilitate the interaction of the SR-A transmembrane domain with intracellular
signaling components. LPS stimulation also induced TLR4 tyrosine phosphorylation [13,
25]. Therefore, it is possible that tyrosine kinases may be involved in the interaction
between SR-A and TLR4 following their ligand stimulation. Recently, Yu et al reported that
LPS stimulation of bone marrow dendritic cells (DCs) induced an interaction between SR-A
and TRAF6, resulting in limiting the response of DCs to LPS stimulation[33]. However,
Seimon et al [28] have shown that stimulation of SR-A with its ligand promoted activation
of the TLR4-mediated NF-κB pathway in response to LPS stimulation and that SR-A could
serve as a co-receptor for TLR4 in response to LPS challenge. The difference between our
result and those of Yu et al may reflect differences in cells types and readouts employed.

In summary, the present study has shown that SR-A is essential for maximal LPS-induced
activation of the TLR4-mediated NF-κB signaling pathway in macrophages. Deficiency of
either SR-A or TLR4 reduced the response of macrophages to LPS stimulation. The data
indicates that both SR-A and TLR4 are targets for controlling endotoxin-induced
inflammatory responses.
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We highlight the role of SR-A in TLR4-mediated inflammatory response to LPS
challenge in macrophages. We observed that presence of SR-A is essential for LPS-
activation of Toll-like receptor 4-mediated NF-κB signaling pathway. The data suggests
that both SR-A and TLR4 are targets for controlling endotoxin-induced inflammatory
responses.

Yu et al. Page 10

Biochim Biophys Acta. Author manuscript; available in PMC 2013 July 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 1.
A. Fucoidan, the SR-A ligand, enhanced LPS-induced IκBα phosphorylation in
macrophages. Macrophages (J774a.1) were treated with LPS (1 µg/ml), Poly I:C (1 µg/ml),
Pam2CSK4 (10 ng/ml) and fucoidan (50 µg/ml), individually and in combinations as shown,
for 15 min. Cells were harvested and the cytoplasmic proteins were prepared for Western
blot analysis of IκBα phosphorylation. There were three replicates in each group. A
representative Western blot is shown above the graph. * P<0.05 compared with indicated
groups.
B. Fucoidan enhanced LPS-induced IκBα phosphorylation in macrophages in a time
dependent manner. Macrophages (J774 A.1) were stimulated with LPS (1 ug/ml) and/or
fucoidan (50 µg/ml), for 15, 30, and 60 min, respectively. Cells were harvested and the
cytoplasmic proteins were isolated for analysis of IκBα phosphorylation by Western blot.
There were three replicates in each group. A representative Western blot is shown above the
graph. * P<0.05 compared with indicated groups. C = control, F = fucoidan, L = LPS, and
FL = fucoidan + LPS.
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Figure 2.
Fucoidan enhanced LPS-induced association between SR-A and TLR4 in macrophages.
Macrophages (J774 A.1) were stimulated with LPS (1 µg/ml), fucoidan (50 µg/ml) and
fucoidan + LPS, respectively, for 15 min. Cells were harvested and cellular proteins were
immunoprecipitated with anti-SR-A followed by immunoblot with anti-TLR4 (A). Double
fluorescent staining shows the co-localization of SR-A and TLR4 (B). There were three
replicates in each group. Magnification was 40×. A representative immunoblot is shown
above the graph. * P<0.05 compared with indicated groups. C = control, F = fucoidan, L =
LPS, and FL = fucoidan + LPS.
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Figure 3.
Fucoidan enhanced LPS-induced NF-κB activation and co-association of SR-A and TLR4 in
macrophages. Peritoneal macrophages were isolated from WT, TLR4−/− and SR-A−/− mice,
respectively. The cells were stimulated with LPS (1 µg/ml), fucoidan (50 µg/ml), and
fucoidan + LPS, respectively, for 15 min. Cells were harvested. The cytoplasmic and the
nuclear proteins were prepared for Western blot analysis of IκBα phosphorylation (A) and
NF-κB binding activity by EMSA (B). Fucoidan enhanced LPS-induced association of SR-
A and TLR4 in WT macrophages (C), but not in TLR4−/− (D), or SR-A−/− (E). The cells
were treated with LPS (1 µg/ml), fucoidan (50 µg/ml), and fucoidan + LPS, respectively, for
15 min. The cells were fixed and subjected to double fluorescent staining of co-localization
of SR-A (green) and TLR4 (red). Magnification was 40×. There were three replicates in
each group. * P<0.05 compared with indicated groups. C = control, F = fucoidan, L = LPS,
and FL = fucoidan + LPS.
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Figure 4.
SR-A and TLR4 are required for fucoidan-enhanced LPS-induced cytokine production in
macrophages. Peritoneal macrophages were isolated from WT, TLR4−/− and SR-A−/− mice,
respectively. The cells were stimulated with LPS (1 µg/ml), fucoidan (50 µg/ml), and
fucoidan + LPS, respectively, for 24 hrs. Supernatants were harvested for analysis of TNF-α
and IL-β production by ELISA. There were three replicates in each group. * P<0.05
compared with indicated groups.
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