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Abstract : Fucoidan has been shown to enhance immune function. The objective of this study was to examine the
in vitro effect of fucoidan on the chamotactic activity of canine peripheral blood polymorphonuclear cells (PMNs).
The chemotactic activity of PMNs was evaluated by method of a modified Boyden chamber assay. The amount of
interleukin (IL)-8 in the culture supernatants from peripheral blood mononuclear cells (PBMCs) treated with fucoidan
was determined by means of ELISA. Fucoidan itself could not have chemoattract effects for PMNs. However, the
chemotaxis of PMNs was remarkably enhanced by culture supernatant from PBMCs treated with fucoidan. Similarly,
it was also increased by recombinant canine (rc) IL-8. These chemotactic activities of PMNs were inhibited by addition
of anti-rcIL-8 polyclonal antibody (pAb). The amount of IL-8 in the culture supernatant from PBMCs was shown
to increase upon treatment of fucoidan as compared with that of untreated PBMCs culture supernatant. These results
suggest that fucoidan upregulates the chemotaxis of PMNSs, which is mainly mediated by IL-8 released from fucoidan-

stimulated PBMCs.
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Introduction

Peripheral blood polymorphonuclear cells (PMNs) play an
important role in the host defense mechanism. Specially, neu-
trophils are the main effecter cells which are involved in the
elimination of microorganisms. Neutrophils is mediated by
chemoattractants such as bacterially produced n-formyl-me-
thionine-leucine-phenylalanine (fMLP), complement-derived
C5a, leukotriene (LT) B, and interleukin (IL)-8 (16,21). Neu-
trophils adhere to the endothelium via cell-surface receptors
for the transmigration (4). The soluble products from acti-
vated monocytes and lymphocytes have been considered to
cause a cellular infiltration into inflamed sites (2,24) and
shown to directly induce chemotactic response for phagocytes
(5). Chemotactic cytokines derived from activated monocytes
or tissue macrophages typically include interleukin (IL)-1, IL-
6, IL-8, and tumor necrosis factor (TNF)-a (19,29). These
are also released by peripheral blood mononuclear cells
(PBMCs) (27,32).

Fucoidan is sulfated polysaccharides containing large pro-
portions of I-fucose and sulfate (10,14,20). Many papers
reported that fucoidan has various biological activity, such as
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anti-coagulant (6), anti-angiogenic (20), anti-tumor (1,23),
anti-thrombotic (13), and anti-viral (10,14) effects. Fucoidan
also has inflammatory modulatory effects (9) and stimulates
both humoral and cell-mediated immune responses under in
vitro and in vivo conditions (14). Another study suggested
that fucoidan has an immunoenhancing effect on the phago-
cytic capacity and oxidative burst activity of canine PMNs,
which is mainly mediated by TNF-a released from fucoidan-
stimulated PBMCs (19). Although these biological activities
of fucoidan have been previously demonstrated, there are no
researches of the chemotaxis of PMNs.

The aim of this study is to examine the in vitro effect of
fucoidan on the chemotaxis of PMNs. We examined the
migration distances of PMNs chemoattracted by culture super-
natant of PBMCs treated with fucoidan. We also examined the
level of IL-8 in the culture supernatant of PBMCs.

Materials and Methods

Reagents

Fucoidan purified from Focus vesiculosus was purchased
commercially from Sigma-Aldrich (St. Louis, MO, USA). The
stock solution was prepared by dissolving fucoidan in phos-
phate buffered saline (PBS) to a final concentration of 10 mg/
ml and passing it through a 0.2 pm membrane filter (Milli-
pore Co., Bedford, MA, USA). And it aliquoted until before
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use. Bovine serum albumin (Sigma-Aldrich), recombinant
canine (rc) IL-8, goat anti-rcIL-8 polyclonal antibody (pAb;
IgG) and rabbit anti-HRV G4 (ST-3) pAb (IgG) (R&D Sys-
tems Inc., Minneapolis, MN, USA) were also commercially
purchased.

Animals

For the blood donor, we used clinically healthy five male
Beagle dogs. Their mean age was 10 months old. All dogs
were housed separately in cages with a 12 hours light and 12
hours dark cycle and were fed a commercial diet (ProPlan;
Purina Korea, Seoul, Korea) and provided tap water. All ex-
perimental procedures were approved by the ethics commit-
tee of the Chungbuk National University.

PBMCs and PMN:s isolation

Blood samples were collected by heparinized syringe at
jugular vein. The PBMCs and PMNs were isolated by double
density-gradient centrifugation immediately after collecting
the blood samples. Briefly, Percoll™ solution (GE Healthcare
Bio-sciences AB, Uppsala, Sweden) of specific gravity 1.077
was layered carefully onto the same volume of the Percoll™
solution of specific gravity 1.119 as described previously (17).
The purity of neutrophils in the final PMNs suspension was
routinely greater than 97%, as determined by cytospin smear
and Diff-Quik staining analyses. The viability of PBMCs and
PMNs, as determined by trypan blue dye exclusion, always
exceeded 98%. Both PBMCs and PMNs were resuspended in
RPMI 1640 medium (Sigma-Aldrich) supplemented with 5%
heat-inactivated fetal bovine serum (Gibco Co., Grand Island,
NY, USA), and 0.02 mg/ml gentamicin.

Culture supernatants

PBMCs were incubated at a density of 2 x 10° cells/ml in
24-multiwell plates (Nunc Co., Naperville, IL, USA) with
fucoidan (200 pg/ml) preparation. Control cells were treated
with the same amount PBS as vehicle. After incubation for 24
h at 37°C under 5% CO,-humidified atmosphere, the superna-
tants were centrifuged at 14,000 x g for 5 min, filtered through
a 0.2 um-pore size membrane filter, and stored at —78°C until
used.

Chemotaxis assay

Chemotactic activities for PMNs were determined as
migration distance in Millipore membrane filters by modified
Boyden chamber method, as previously described (27).
Briefly, the chemotaxis chamber (Neuro probe, Gaithersburg,
MD, USA), RPMI 1640 medium and culture superantant of
PBMCs treated with fucoidan were pre-warmed for 2 h at
37°C. The lower chamber was filled with 200 pl of culture
supernatant (0-100%) or rcIL-8. A nitrocellulose filter (120
pum thick and 3.0 um pore size; Millipore Corporation, Bed-
ford, MA, UK) were placed on top of the well of the lower
compartment. And then, 200 pl of PMNs suspension (1 x
10° cells/ml) was put into the upper compartment. The cham-

bers were incubated for 45 min at 37°C in a 5% CO,-humid-
ified atmosphere. After incubation, the membrane filters were
immediately removed, fixed in ethyl alcohol, dried, stained
with hematoxylin, decolorized in ethyl alcohol, and mounted
on a slide glass. The migration distance of cells through the
nitrocellulose filter towards the other side was measured using
bright field microscopy at 400 x magnification. Five fields
per filter were selected randomly in triplicate assay. The
chemotactic responses of input cells were evaluated as the
absolute distance (um/45 min) in the directional migration of
PMN:ss in response to chemoattractant.

Neutralization test

Anti-rcIL-8 pAb diluted with various concentrations (0-
100 pg/ml) were added to the culture supernatant from
fucoidan-treated PBMCs. As a control isotype IgG, anti-HRV
G4 pAb instead of anti-rcIL-8 pAb was added to the well.
The mixed samples were placed for 30 min at room temper-
ature. The effect of this mixture to stimulate the chemotactic
activity of PMNs was also evaluated as described above.

Measurement of IL-8 in the culture supernatant from
PBMC:s treated with fucoidan

The culture supernatants of PBMCs treated with or with-
out fucoidan (200 pg/ml) were collected after 24 h incuba-
tion. The IL-8 levels in the culture supernatants of PBMCs
were determined by the direct sandwich enzyme-linked immu-
nosorbent assay (ELISA) in the Quantikine® Canine CXCLS/
IL-8 Immunoassay kit (R&D System Inc.) according to the
manufacturer's protocol. All samples, standard and controls
were assayed in triplicate. The optical density was deter-
mined using an automated microplate reader (Bio-Tek Instru-
ments Inc., Winooski, Vermont, USA) at 450 nm. The IL-8
levels in the samples were quantified from standard curves
generated with purified canine IL-8 tested at eight titration
points. The inter- and intra-assay coefficients of variation for
this assay are less than 10%, and the lower limit of detection
for this assay is 15.6 pg/ml.

Statistical Analyses

All statistical analyses were carried out by using SPSS
V12.0 for Windows (SPSS Inc., Chicago, IL, USA). One-way
analysis of variance (ANOVA) was used to investigate differ-
ences between the control and treatment groups, followed by
Dunnett's post hoc test. Comparison of two groups was made
by t-test. P value of under 0.05 was considered statistically
significant. Results are expressed as means plus or minus
standard deviation (£ SD).

Results

Direct effect of fucoidan on chemotaxis of PMNs

To examine the direct effect of fucoidan on chemotactic
activity of PMNSs, the migrated distance of PMNs to fucoidan
was measured. The direct treatments of fuocidan at concentra-
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Fig 1. Effect of fucoidan treatment on the chemotaxis of PMNs.
Freshly isolated PMNs (1 x 10° cells/ml) were placed in the
upper chamber. Fucoidan (200 pg/ml) were placed in the lower
chamber, and incubation was allowed for 45 min. The migration
distance of cells through the filter towards the other side was
then measured. One-way ANOVA was used to investigate dif-
ferences between control and treatments, followed by a Dun-
nett’s test. Data represent the means = SD (n = 3).

tion of 0 to 500 pg/ml showed no effects on chemotaxis of
PMNs as compared with controls treated without fucoidan

(Fig 1).

Effect of culture supernatant from PBMCs treated
with fucoidan on chemotaxis of PMNs

To examine the effect of culture supernatant from PBMCs
treated with fucoidan (200 pg/ml) on chemotaxis of PMNs,
the migrated distance of PMNs to culture supernatant was
measured. The culture supernatant (100%) from PBMCs with-
out fucoidan significantly increased the migrated distance of
PMNs (p =0.002) when compared to the vehicle control
(RPMI 1640 medium alone) (Fig 2). The culture supernatant
(25-100%) from PBMCs treated with fucoidan (200 pg/ml)
also significantly enhanced the migrated distance of PMNs in
a dose-dependent fashion when compared to the culture super-
natant (100%) of PBMCs without fucoidan (p <0.001). This
chemotactic activity was peaked at 75% of culture superna-
tant from PBMCs treated with fucoidan. But the migrated dis-
tance of PMNs treated with 100% culture supernatant was
mildly reduced when compared to that of 75% culture super-
natant (p = 0.027).

Effects of rcIL-8 on chemotactic activity of PMNs.

The chemotactic activity of PMNs to rcIL-8 was also exam-
ined. Indeed, rcIL-8 enhanced the chemotactic activity of
PMNs at concentrations of 1 to 50 nM in a dose-dependent
manner (p <0.001) when compared to vehicle-treated control
(Fig 3). This activity of PMNs was peaked at 10 nM of rcIL-8.
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Fig 2. Chemotactic response of PMNs in response to culture su-
pernatant from PBMCs treated with fucoidan. The culture super-
natants (0-100%) from PBMCs treated with (+) or without (-)
fucoidan for 24 h were placed in the lower chamber. Control cells
were treated with the same amount RPMI 1640 medium alone as
vehicle. Freshly isolated PMNSs (1 x 10° cells/ml) were placed in
the upper chamber. One-way ANOVA was used to investigate
differences between control and treatments, followed by a Dun-
nett’s test. And, comparison of two groups was made by #-test.
Data represent the means + SD (n=3). **P <0.01 vs. untreated
PBMC:s culture supernatant (100%), +p < 0.01 untreated PBMCs
culture supernatant (100%) vs. vehicle control.
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Fig 3. Chemotactic response of PMNs in response to rIL-8. Re-
combinant IL-8 at the indicated concentrations (0-100 nM) was
added in the lower chamber. One-way ANOVA was used to
investigate differences between rIL-8 treated groups and vehicle
control, followed by a Dunnett’s test. Data represent the means +
SD (n=3). **P <0.01 vs. control.

Neutralization effect of anti-rcIL-8 pAb on chemotaxis
of PMNs.

To examine whether the enhanced chemotactic acitvity of
PMN:s to the culture supernatant from PBMCs treated with
fucoidan is due to IL-8, the neutralization effect of anti-rcIL-8
pAb on chemotactic activity of PMNs in response to culture
supernatant of PBMCs was examined. The enhanced chemot-
actic activity of PMNs to culture supernatant from PBMCs
treated with fucoidan was inhibited by addition of anti-rcIL-8
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Fig 4. Neutralization effect of anti-r[L-8 pAb on chemotactic
activity of PMNs to culture supernatant PBMCs treated with
fucoidan. Anti-rIL-8 pAb at the indicated concentrations (0-100
pg/ml) and rabbit anti-HRV G4 pAb (100 pg/ml) as a contrl iso-
type IgG were added to the culture supernatant (75%) from
PBMCs treated with fucoidan. The mixtures were placed in the
lower chamber. One-way ANOVA was used to investigate dif-
ferences between fucoidan-treated PBMCs culture supernatant
(75%) alone and other treatments, followed by a Dunnett’s test.
Data represent the means = SD (n = 3). **P <0.01 vs. fucoidan-
treated PBMCs culture supernatant (75%).
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Fig 5. Effect of anti-r[L-8 pAb on chemotactic activity of PMNs
to rIL-8. Anti-rIL-8 pAb at the indicated concentrations (0-100
pg/ml) was added to rIL-8 (10 nM). The mixtures were placed in
the lower chamber. One-way ANOVA was used to investigate
differences between rIL-8 (10 nM) treated group and other treat-
ments, followed by a Dunnett’s test. Data represent the means +
SD (n=3). **P <0.01 vs. rIL-8 (10 nM) alone.

pAb at concentration of 10 and 100 pg/ml in a dose-depen-
dent manner when compared with that of culture supernatant
(75%) from PBMCs treated with fucoidan (p <0.001) (Fig
4). However, in the examination of the possibility of nonspe-
cific inhibition for immunoglobulin isotype, IgG, any chemo-
tactic activity of PMNs to culture supernatant (75%) from
PBMCs treated with fucoidan was not inhibited by addition
of high concentration (100 pg/ml) of control IgG, anti-HRV
G4 pAb instead of anti-rcIL-8 pAb. Similarly, the enhanced
chemotactic activity of PMNs to rcIL-8 at 10 nM was also
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Fig 6. The effect of fucoidan on IL-8 production from PBMCs.
PBMCs (2 x 10° cells/ml) were incubated with fucoidan (200 pg/
ml) for 24 h. The concentration of IL-8 in the culture supernatant
from PBMCs was measured by ELISA. Comparison of two
groups was made by r-test. The data represent mean + SD (n = 3).
“P<0.01.

abrogated by addition of anti-rcIL-8 pAb (0.1-100 pg/ml) in
a dose-dependent manner (Fig 5).

Amount of IL-8 in the culture supernatant from
PBMC:s treated with fucoidan.

The amount of 1L-8 in the culture supernatant (100%) from
PBMC:s treated with fucoidan (200 pg/ml) for 24 h was quan-
tified by ELISA. The level of IL-8 in culture supernatant from
PBMCs treated with fucoidan was significantly higher than
that of culture supernatant from PBMCs without fucoidan
(p=0.006) (Fig 6).

Discussion

In the present study, we examined the effect of fucoidan on
the chemotactic activity of PMNs. Fucoidan showed directly
no effects on the migration of PMNs. It was assumed that
fucoidan itself do not cause any effect on the chemotaxis of
PMNSs. However, the chemotaxtic activity of PMNs was en-
hanced by either culture supernatant from fucoidan-treated
PBMCs or rcIL-8. This enhancing effect of the culture super-
natant of fucodian-treated PBMCs on the chemotaxis of PMNs
may be supported that the chemotactic factor(s) were existed
in soluble products from PBMCs treated with fucoidan. This
also suggested that fucoidan is capable of releasing the
chemoattractant(s) from PBMCs.

IL-8 is a member of a family of related chemotactic and
proinflammatory cytokines which contain conserved positions
of four cysteines that from two disulfide bridge (8). This
cytokine has been shown to be more selective for neutrophils
than other chemotactic factors (30) and was a specific neutro-
phil chemattractant with only minor effects on eosinophils,
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monocytes, and basophils (3,31). It induces lysosomal enzyme
release from neutrophils, expression of adhesion molecules on
neutrophils (11). Consequently, we hypothesized that the solu-
ble factor(s) in the culture supernatant of fucoidan-treated
PBMCs may be associated with 1L-8-like chemotactic factor.
We tested the effect of IL-8 on the chemotactic activity of
canine PMNs. Similar to the effect of rcIL-8 to PMNs, the
chemotactic activity of PMNs was also increased by culture
supernatant from PBMCs treated with fucoidan. We also found
that the IL-8 level of culture supernatant of PBMCs were
increased by the fucoidan treatment, as expected. These results
indicated that fucoidan stimulates canine PBMCs to produce
IL-8, which enhances the chemotactic activity of PMNs.

Next, we examined whether an anti-rcIL-8 pAb negates the
enhancement of canine PMNs chemotaxis induced by the
fucoidan-treated PBMCs culture supernatant. The anti-rcIL-8
pAb completely negated the ability of the culture supernatant
from fucoidan-treated PBMCs to enhance the chemotaxis of
PMNs. These findings might suggest that the immunoenhanc-
ing effect of fucoidan on the chemotaxis of PMNs is medi-
ated by IL-8 produced by fucoidan-stimulated PBMCs.

We found that the culture supernatant from untreated
PBMCs also increased the migrated distance of PMNs com-
pared with vehicle control. This is consistent with several
studies showing that unstimulated blood PBMCs expressed
low levels of cytokine mRNA such as granulocyte macroph-
age colony stimulating factor, IL-6, IL-8 and TNF-a (7,22,32).

It was known that IL-8 is associated with rheumatoid arthri-
tis (12,25), a systemic fungal infection (28), some bacterial
infections (15,26), and hypoxia (18). Therefore, IL-8 will be
used as a therapeutic target in various inflammatory diseases.
To the clinical application, the co-administration of fucoidan
will be able to augment the host defense in animals with dis-
eases. In conclusion, this study suggested that fucoidan-treated
PBMCs culture supernatant enhances the chemotactic activity
of canine PMNs, potentially through the increased IL-8.
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