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Activation of NK cells in male cancer survivors by fucoidan
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Abstract. Cancer survivors are highly motivated to seek
information about the use of dietary supplements and
complementary nutritional therapies to improve their quality
of life. Fucoidan, a sulfated polysaccharide extracted from
brown marine alga, exhibits a wide range of bioactivities,
including anticancer activity. As natural killer (NK) cells
serve an important role in defenses against tumor cells, the
present study examined the effects of fucoidan extracted from
Cladosiphon Okamuranus on NK cell activity in cancer survi-
vors. A prospective, open-label clinical study was conducted
on cancer survivors treated with fucoidan via oral administra-
tion; 11 cancer survivors with a performance status of 0 or
1 participated and consumed 3 g of fucoidan for 6 months.
No significant changes were observed in the mean activities of
NK cells in total subjects following the ingestion of fucoidan.
An analysis of each sex revealed that NK cell activity was
significantly increased by the ingestion of fucoidan in male,
yet not female subjects. Serum fucoidan levels were markedly
increased following the ingestion of fucoidan and the peak
levels ranged between 30 and 198 ng/ml. Tumor markers
remained within the reference range during the trial period in
subjects, in whom primary tumors were eradicated by treat-
ment. The basal values of tumor markers were elevated in
three cases; tumor markers were increased in two cases and
decreased in one by the ingestion of fucoidan. These findings
suggest that fucoidan enhances the activation of NK cells in
male cancer survivors.
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Introduction

Fucoidan is a complex sulfated polysaccharide that is mostly
found in brown marine algae. Fucoidan exhibits a broad
spectrum of biological activities, including anti-inflammatory,
immunomodulatory, antiviral, antioxidant, and anti-tumor
activities (1-4). Previous studies reported a potential role for
fucoidan as an anticancer agent based on its proven anticancer
and anti-metastatic effects in vivo and in vitro (4-7). The mech-
anisms underlying the anticancer effects of fucoidan have not
yet been elucidated in detail; however, immune modulation is
one of the most promising areas for the anticancer efficacy of
fucoidan (8,9).

A cancer survivor is defined as anyone who has been diag-
nosed with cancer, from the time of diagnosis and throughout
the remainder of their lifespan (10). Many cancer survivors
are highly motivated to seek information about food choices,
physical activity, dietary supplement use, and complementary
nutritional therapies in order to improve their response to
treatment, speed of recovery, and quality of life and also to
reduce their risk of recurrence (11).

A clinical trial was performed on fucoidan in patients with
advanced colon cancer. Ikeguchi et al reported that the inges-
tion of 4.05 g per day of fucoidan derived from Cladosiphon
okamuranus reduced the clinical toxicity indicator ‘fatigue’
in patients receiving conventional chemotherapy (12).
Furthermore, patients administered fucoidan tolerated more
cycles of chemotherapy. A recent clinical trial on fucoidan
in patients with different types of advanced cancers identi-
fied the responsiveness of interleukin (IL)-1f as a significant
independent prognostic factor. However, natural killer (NK)
cell activity was not affected by a four-week treatment with
fucoidan derived from C. novae-caledoniae Kylin (13).

NK cell cytotoxic activity represents an innate immune
component that plays an important role in defenses against
tumor cells (14). NK cells recognize and induce the lysis of
tumor cells without prior sensitization. An epidemiologic
survey of 11-year follow up shows a link between low NK
cell activity in peripheral blood and increased cancer risk
in adults (15). We herein examined the effects of fucoidan
extracted from C. Okamuranus on NK cell activity in cancer
Survivors.
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Patients and methods

Subjects. Cancer survivors willing to participate in the
present study were recruited from 4 medical clinics (Ono
Clinic, Kobe City; Hoshi Clinic, Maebashi City; Takeichi
Clinic, Odawara City and Daido Chuo Clinic, Naha City) in
Japan between June 2016 and May 2017. Eleven patients who
met the following inclusion criteria were enrolled: i) cancer
survivors following surgical resection, radiation therapy,
chemotherapy, and radiofrequency ablation (RFA) without
recurrence and metastasis; ii) cancer survivors receiving
chemotherapy without metastasis and iii) cancer survivors
before therapy without metastasis. Exclusion criteria are as
follows: i) cancer survivors with a performance status of 2,
3 and 4; ii) cancer survivors with obvious recurrence and
metastasis at enrollment and iii) cancer survivors compli-
cated with liver cirrhosis, renal insufficiency, advanced heart
failure and immunodeficiency.

The diagnosis of cancer was confirmed by characteristic
pathologies (Table I). Demographic characteristics are shown
in Table II. All subjects were ambulatory as an outpatient
with a normal food intake during the trial periods. Although
the primary cancer lesions markedly varied, recurrence and
metastasis were confirmed to be absent by an examination
using computed tomography (CT) and/or magnetic resonance
imaging (NRI) before enrollment. Primary tumor lesions of
seven patients (Case 1,2.3.4.5.8 and 9) were completely eradi-
cated by surgical operation or radiation therapy. The period
from cancer therapy to fucoidan trial was between 6 months
and 8 years (3.0 years on the average).

Two cases (Cases 6 and 11) were undergoing standard
chemotherapy before the administration of fucoidan. Case 6
took erlotinib for two years and Case 11 took irinotecan for
five years. Case 7 was awaiting surgical resection without
chemotherapy. Case 10 was treated with a surgical operation
for colon cancer two years before the clinical trial.

The present study was performed in accordance with the
Declaration of Helsinki. The study protocol was approved by
the Ethics Committee of South Product Co., Ltd.

Fucoidan treatment. Fucoidan extracted from Okinawa
mozuku (C. okamuranus) was used in the present study. The
main molecular weight of fucoidan was 28.8 kDa, containing
70 mg/ml of L-fucose and 10 mg/ml of sulfate (16). Subjects
were orally administered 50 ml of a drink that contained
1.5 g of fucoidan twice daily for 6 months. The drink was
prepared by South Product Co. Subjects took a meal without
dietary restriction during the trial period. Subjects receiving
medicine(s) continued with the same treatment as before, and
anti-cancer drugs were unchanged during the trial period.
Complementary and alternative medicine (CAM) was prohib-
ited during the trial period, because it may affect NK cell
activity and/or absorption of fucoidan. We checked use of
CAM when subjects attended a clinic.

Clinical assessment. The clinical status of subjects was
recorded every month during the ingestion of fucoidan.
Subjects were asked about any new symptoms or changes
since the introduction of fucoidan. Fucoidan was withheld
if subjects developed adverse events and laboratory toxicity.

Endpoints. NK cells are the prototype of innate lymphoid
cells with potent cytolytic function that provide immune
surveillance against cancer; whereas, the effect of fucoidan
on NK cell activity remains to be fully elucidated in cancer
survivors. The primary endpoint was changes in NK cell
activity and immunoglobulin titers because we focused on
the immunomodulatory effects of fucoidan. We have already
performed a randomized double-blind trial of fucoidan in
healthy Japanese volunteers, in which oral administration of
fucoidan for 12 weeks significantly increased NK cell activity
in male, but not in female volunteers (unpublished data). In
order to certify the finding, we herein examined NK cell
activity based on sex.

Although there are no specific tumor markers used in
cancer screening, some markers can be used to assist in
making a diagnosis and determining a prognosis. They can be
used to follow in cases where the diagnosis is cancer through
monitoring of the disease recurrence and/or evaluating the
response to therapy. In order to elucidate the effect of fucoidan
on anti-tumor activity, the secondary endpoint was changes in
tumor markers during the trial period.

Metabolism of fucoidan for long period of oral intake was
not determined yet. The third endpoint was fucoidan absorp-
tion following its oral administration. These endpoints were
monitored at the outpatient clinic using blood sampling before
and every six months during the ingestion of fucoidan. A
urinalysis was also simultaneously performed.

Blood tests. Blood samples were drawn to assess hemato-
logical markers (white blood cells, neutrophils, lymphocytes,
monocytes, eosinophils, red blood cells, hemoglobin, and
platelets); liver function (albumin, bilirubin, alkaline phospha-
tase, alanine aminotransferase, aspartate aminotransferase,
v-glutamyl transferase); lipids (triglycerides, HDL cholesterol,
LDL cholesterol); renal function tests (blood urea nitrogen,
creatinine); uric acid; electrolytes (Na, K, Cl, Ca); NK cell
activity; immunoglobulin titers; tumor markers; and fucoidan
concentrations. Clinical biochemical and hematological
parameters were assayed using commercially available kits.
Albumin was measured by the modified PCP method
(KAINOS Laboratories, Inc.). Total bilirubin was measured by
vanadic acid oxidation method (Wako Laboratory Chemical
Co., Ltd.). Aspartate aminotransferase (AST), alanine amino-
transferase (ALT), alkaline phosphatase (ALP) and y-glutamyl
transferase (y-GTP) were measured by the JSCC transferable
method (Kanto Chemical Co., Inc.). HDLchoresterol and LDL
choresterol were measured by selective solubilization method
(Kyowa Medex Co., Ltd.). Triglycerides (TG) was measured
by GK:GP-elimination of free glycerol method (Sekisui
MedicalCo., Ltd.). Blood urea nitrogen (BUN) was measured
by urease-LED method (Kanto Chemical Co., Inc.). Creatinine
(Cr) was measured by enzymatic method (Sekisui Medicals
Co., Ltd.). Uric acid (UA) was measured by uricase-peroxidase
method (KAINOS Laboratories, Inc.). Sodium (Na) and
Potassium (K) were measured by ion selective electrode
method (JOEL Ltd.). Calcium (Ca) was measured by Arsenazo
IIT method (KAINOS Laboratories, Inc.). Complete blood
count was measured by the automated method (Sysmex Corp.).

NK cell activity: NK cell activity was evaluated in the
k-562 cell line (Dainippon Pharmaceutical Co.) marked with
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Table I. Characteristics and diagnosis of subjects.

Case Sex Age (years) Diagnosis Treatment
1 Male 67 Pharyngeal cancer Post-surgical resection
2 Male 81 Hepatocellular carcinoma Post-radiofrequency ablation
3 Male 78 Hepatocellular carcinoma Post-radiofrequency ablation
4 Male 70 Renal cell cancer Post-surgical resection
5 Male 71 Colon cancer Post-surgical resection
6 Male 74 Lung cancer Undergoing chemotherapy (Erlotinib)
7 Male 76 Prostate cancer Pre-surgical operation
8 Female 58 Cervical cancer Post-surgical resection
9 Female 52 Breast cancer Post-surgical resection
10 Female 56 Colon cancer Post-surgical resection
11 Female 70 Adult T-cell leukemia Undergoing chemotherapy (Irinotecan)
Table II. Demographic characteristics of subjects.
Case Sex Age (years) Height (cm) Body weight (kg) Performance status
1 Male 67 171 68 0
2 Male 81 161 71 0
3 Male 78 167 62 0
4 Male 70 172 63 0
5 Male 71 168 64 0
6 Male 74 162 65 0
7 Male 76 163 71 0
8 Female 58 158 54 1
9 Female 52 167 50 0
10 Female 56 152 45 0
11 Female 70 153 54 1

3ICr using a cytotoxicity test for 3.5 h (17). Blood samples
taken from the cubital vein were collected into heparinized
tubes. After the centrifugation of blood samples with a
lymphocyte separation medium, interface mononuclear cells
were collected and suspended at a cell density of 1x10%/ml
in RPMI-1640 medium (IBL) and supplemented with 10%
FBS. Peripheral blood monocytes (2x10° cells) were added to
round-bottomed 96-well microplates containing *'Cr-labeled
target cells (1x10* cells) in 0.2 ml of RPMI-1640 medium
supplemented with 10% FBS. The effector cell/target cell
ratio was 20. After centrifugation at 800 r/min for 5 min
using an exclusive centrifuge for microplates, cells were
incubated at 37°C for 3.5 h under 50 ml/l CO, in air. After
the incubation, the culture supernatant was harvested using
PETZ-96 (Sohken; Tokyo, Japan), and radioactivity was
evaluated using a gamma counter (1272 clinigamma; Wallac).
The percentage of cytotoxicity was calculated as follows: %
cytotoxicity=(experimental 5'Cr release-spontaneous *'Cr
release)/(maximal 5'Cr release-spontaneous *'Cr release)
x100.

IgG and IgA titers were measured using a turbidimetric
immunoassay, and the IgE titer was assessed using the FEIA
method.

Tumor markers were assayed as follows. Cytokeratin
fragment (Cyfra) 21-1 (18), a-fetoprotein (AFP) (19), carci-
noembryonic antigen (CEA) (20-22), cancer antigen (CA)
125 (23), CA 15-3 (22), and soluble IL-II receptor (SIL2R) (24)
were assayed using the CLEIA method. A protein induced by
the absence of vitamin K (PIVKA)-II (25) and squamous cell
carcinoma-related antigen (SCC-Ag) (26) were assayed using
the ECLIA method. C-reactive protein (CRP) (27) was assayed
using the Latex turbidimetric immunoassay method. Sialyl
Lewis X-i (SLX) (28) and prostate-specific antigen (PSA) (29)
were assayed using RIA and CLIA, respectively.

Measurements of immunoglobulin titers, tumor markers,
and NK cell activity were entrusted to SRL of a reliable
outsourcing company in Japan.

Serum fucoidan levels were assayed using a sand-
wich ELISA method developed by our laboratory (16).
Reproducibility of the fucoidan ELISA method was as follow.

The intra- and inter assay CVs for serum, plasma and urine,
using high and low concentration of fucoidan, were in the
range of 1.5-13.4%.

Statistical analysis. Statistical analyses were performed
using SAS version 9.4 (Statistical Analysis Software 9.4,
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Figure 1. NK cell activity following the ingestion of fucoidan. Due to large variations in the basal NK cell activity (range 5-69%), variables are expressed as
a percentage of relative to basal value (100%). No significant changes of NK cell activity were shown in total patients (left panel). NK cell activity in male
patients was significantly increased at 4 months after fucoidan ingestion compared to the basal value (middle panel). Data were expressed as mean + SE.

“P<0.05 significantly different from the basal value (0 M). NK, natural killer.

SAS Institute Inc.). Mean quantitative values were compared
between the basal value and the value at each time point during
the trial period using the Friedman test. Post hoc comparison
was performed using the Bonferroni method. Statistical
correlation was analyzed using Spearman's rank correlation
coefficient. P<0.05 was considered to indicate a statistically
significant difference.

Results

Clinical assessment. No severe adverse effects were observed
during the trial period, and all subjects tolerated the ingestion
of fucoidan.

Primary outcome. No significant changes were observed
in the mean activities of NK cells in total subject between
before and after the ingestion of fucoidan. An analysis of
each sex revealed that NK cell activity was elevated in seven
male subjects, and was significantly different 4 months after
than before the ingestion of fucoidan; however, changes
in NK cell activity were not significant in four female
subjects (Fig. 1).

IgG, IgA, and IgE titers remained unchanged during the
trial period (Table SI).

According to the result of multiple regression analysis,
demographic characteristics of subjects, such as age, height,
and body weight were not a significant factor contributing
to NK cell activity and immunoglobulins titers (data not
shown).

Tumor markers. In Cases 1, 2, 3,4, 5, 8, and 9, in whom
primary tumors were eradicated by surgical resection or RFA,
tumor markers remained within the reference range before
and after the ingestion of fucoidan. Basal values for tumor
markers were elevated in three cases. In Cases 6 and 11,
who were receiving chemotherapy, tumor markers slightly
decreased in the former, but increased in the latter after the

ingestion of fucoidan. Case 7 was awaiting surgery for pros-
tate cancer. PSA levels gradually increased during the trial
period (Table III).

Fucoidan absorption. Mean serum fucoidan levels were
significantly increased one month and six months following
the ingestion of fucoidan; peak levels ranged between
30 and 198 ng/ml. Fucoidan levels did not show a sex
difference (Fig. 2).

Clinical laboratory test. Statistical analysis of all subjects
indicated that no significant changes were observed in clinical
parameters, such as hematology, liver function, renal func-
tion, lipids, electrolytes, and the urinalysis, over the trial
period (Tables SII and SIII).

Abnormal laboratory parameters before treatment were
observed in a few cases. Two patients showed mild elevation of
Cr levels, and abnormal y-GTP and AST levels were observed
in two patients with alcoholic liver injury. AST and ALT levels
were elevated temporally in a patient with drug induced liver
injury; elevation of AST and ALT levels was within 2 times
the upper limit of normal. Renal injury and liver damage were
not so severe as to affect the drug metabolism during the trial
period.

Correlation among NK cell activity, immunoglobulin titers,
and laboratory parameters. NK cell activity positively
correlated with albumin and hemoglobin levels; a significant
correlation was observed 1 month into the trial. NK cell
activity had a significant negative correlation with AST levels
1,34, and 5 months after the ingestion of fucoidan. NK cell
activity had a significant negative correlation with ALT levels
4 months into the trial (Fig. 3).

IgG titers did not correlate with laboratory parameters.
IgA titers negatively correlated with lymphocyte counts and
positively correlated with y-GTP levels. IgE titers positively
correlated with Cr and y-GTP levels, and negatively correlated
with lymphocyte counts (data not shown).
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Table III. Changes of tumor markers after the ingestion of fucoidan.

Tumor marker (reference range)

Male, 67 y.o, pharyngeal cancer, post-surgical resection
CYFRA21-1 (<5.0 ng/ml)

1.0< 1.0< 10< 10< 1.0< 1.0< 1.0<

Male, 81 y.o, hepatocellular carcinoma, post-radiofrequency ablation

AFP (<10 ng/ml)
PIVKA-II (<40 mAU/ml)

2.8 3.6 34 30 35 29 29
19 21 16 18 22 23 18

Male, 78 y.o, hepatocellular carcinoma, post-radiofrequency ablation

AFP (<10 ng/ml)
PIVKA-II (<40 mAU/ml)

Male, 70 y.o, renal cell cancer, post-surgical resection
CRP (<0.3 mg/dl)

Male, 71 y.o, colon cancer, post-surgical resection
CEA (<5.0 ng/ml)

Male, 74 y.o, lung cancer, undergoing chemotherapy
CEA (<5.0 ng/ml)
SLX (<38 U/ml)

Male, 76 y.o, prostate cancer, pre-surgical operation
PSA (<4.0 ng/ml)

Female, 58 y.o, cervical cancer, post-surgical resection
CA125 (<35.0 U/ml)
SCC (<2.5 ng/ml)

Female, 52 y.o, breast cancer, post-surgical resection
CEA (<5.0 ng/ml)
CA15-3 (<25.0 U/ml)

Female, 56 y.o, colon cancer, post-surgical resection
CEA (<5.0 ng/ml)

Female, 70 y.o, adult T-cell leukemia, undergoing chemotherapy

sIL-2R (154-510 U/ml)

2.6 30 32 2.7 29 2.8 2.5
25 27 29 28 32 22 27

003 003 002 006 005 005 020

1.8 19 1.7 1.5 1.5 1.6 1.8

382 397 422 364 323 257 285
51 57 69 57 66 55 55

279 348 337 430 435 455 499

9.1 8.8 9.1 8.8 8.5 94 ne
09 0.7 1.1 0.8 1.0 22 ne

2.8 2.7 24 24 23 24 25
125 125 116 107 142 1311 15.8

8.1 12.1 190 234 230 ne ne

4,690 10,200 13,700 9,710 10,900 12,300 11.400

Ne, not examined; y.o, years old.
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Figure 2. Serum fucoidan levels Serum fucoidan levels were significantly
increased one month and six months following fucoidan ingestion compared
to the basal value. Data were expressed as mean + SD. “P<0.01 significantly
different from the basal value (0 M).

Discussion

Numerous in vivo and in vitro studies on the effects of fucoidan
on NK cell activity have supported its application as an anti-
cancer drug (8,9,30,31). Regarding in vivo studies on fucoidan,
the dose and route of administration were both shown to affect
outcomes. Oral intake is more convenient than an intravenous
or subcutaneous injection for the administration of fucoidan
in clinical settings. Negishi et al reported that the oral admin-
istration of 300 mg of Mekabu fucoidan for 24 weeks to
elderly subjects receiving influenza vaccines attenuated the
aging-related suppression of NK cell activity (32). Based on these
findings, we examined the effects of fucoidan on immunomodu-
lation in cancer survivors with a performance status of 0 or 1.
The results obtained demonstrated that fucoidan extracted from
C. okamuranus did not increase NK cell activity in total patients,
but significantly increased in male cancer survivors. The finding
confirmed our unpublished data, in which fucoidan significantly
increased NK cell activity in male but not in female healthy
volunteers. The mechanism of different function of fucoidan
according to sex should be clarified in a future research.
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Figure 3. Correlation among NK cell activity and laboratory parameters. NK cell activity had a significant positive correlation with albumin (upper right) and
hemoglobin levels (upper left). NK cell activity had a significant negative correlation with AST (lower right) and ALT levels (lower left).

The mechanisms underlying NK cell activation by
fucoidan have not yet been elucidated. Cytokines, such as
interferon (IFN)-o/p, 1L-2, 1L-12, and 1L-15, activate NK
cells and produce IFN-y (33). Since these cytokines were not
examined in the present study, further studies are warranted
to investigate the role of fucoidan on the induction of NK cell
activity by cytokines.

Interestingly, the present study showed that NK cell
activity negatively correlated with AST and ALT titers. The
percentage of NK cells among liver cells is five times as
high as the percentages among spleen or peripheral blood,
suggesting that NK cells may play an important role in the
immune function of the liver. Accumulating evidences were
found that the NK cells were modulated by liver diseases and
were further involved in the pathogenesis of liver injury and
inflammation (34). Fucoidan was shown to benefit alcohol
and non-alcoholic liver disease (3). Taken together with the
present and previous studies, fucoidan may activate NK
cells via improvement of liver damage through unexplained
mechanism.

We evaluated changes in tumor markers caused by the
ingestion of fucoidan. In Cases 1, 2, 3,4, 5, 8, and 9, in whom
primary tumors were eradicated by surgery or RFA, tumor
markers remained within the reference range before and after
the ingestion of fucoidan. These patients increased fucoidan
levels and NK cell activity after the ingestion of fucoidan. It
is difficult to clarify whether this effect is related to medical
intervention or fucoidan administration. Noteworthy, there
was no recurrence of the primary tumors in these cases
during the trial period. Long-term surveillance in large-scale
and well-organized studies is needed to clarify whether
fucoidan alone is able to reduce their risk of recurrence via

NK cell activation in male cancer survivors after conventional
chemotherapy, radiofrequency ablation or radiotherapy.

Regarding the two cases undergoing conventional chemo-
therapy, tumor markers were continuously elevated in Case 11
but decreased in Case 6 following the administration of fucoidan.
Case 6 taking erlotinib revealed elevation of fucoidan levels and
NK cell activity following the ingestion of fucoidan. Case 11
taking irinotecan showed elevation of fucoidan levels and
decrease of NK cell activity. It is important to assess the effect
of chemotherapeutic regimens on circulating levels of fucoidan
and NK cells activity. In addition, the ability of fucoidan as an
adjunct therapy during conventional chemotherapy has been
reported by a few investigators (12,13); therefore, the advantage
of fucoidan as a supplemental therapy in the management of
cancer patients is needed to be certified in the future.

Given that subjects were heterogeneous, and heavily treated,
it is necessary to assess how the disease itself is affecting
circulating levels of fucoidan and therefore levels of NK cells
and immunoglobulins. Since fucoidan levels were similar in
the recovered cancer patients and the non-recovered cancer
patients, the disease itself is unlikely affecting the fucoidan
absorption in cancer survivors with performance status O or 1.
Whereas, fucoidan enhanced NK activity in the recovered
cancer patients, but it did not work in the non-recovered cancer
patient. It is a further study whether the disease itself affect the
fucoidan metabolism in cancer survivors.

Mean serum fucoidan levels were significantly higher
one month and six months after than before the ingestion of
fucoidan, even though the intestinal absorption of fucoidan
was very low, peaking at 198 ng/ml, in serum. The serum
profiles after fucoidan administration varied among patients.
This result was consistent with our previous findings (16,35).



MOLECULAR AND CLINICAL ONCOLOGY 12: 81-88, 2020 87

Since subjects continued with the same medicine(s) as before,
the potential pharmacokinetic interactions between fucoidan
and medicines should be clarified in the future. Mild liver
damage was observed in three subjects and mild renal injury
was complicated with two subjects. Since these patients
showed similar fucoidan levels compared with those without
liver and renal injury, the fucoidan metabolism is unlikely to
be influenced by mild liver and renal injury.

The oral route is essential for the administration of fucoidan
in clinical studies. The maximum dose used heretofore was
6 g of fucoidan for patients with human t-lymphotropic virus
type-l-associated neurological diseases. A previous study
reported that four out of 17 subjects developed diarrhea within
1 month of trial initiation (36). Other patients with advanced
cancer received 4 g of fucoidan without adverse effects for
six months (12). The present results indicated that since the
intestinal absorption of fucoidan was so low, it may be difficult
to reach the serum levels needed to directly inhibit cancer
cell growth or metastasis in clinical trials with safety dose
of fucoidan for cancer survivors. Therefore, further studies
are needed to establish the effective serum concentration of
fucoidan needed for NK cell activation, tumor inhibition, and
anti-angiogenesis activity.

Our preliminary study had some limitations. The number
of subjects was small in the present study, with only four
females being enrolled. This may have affected the statistical
analysis; therefore, further studies are needed to confirm
the potential effects of fucoidan on NK cell activity using a
large number of subjects. The proinflammatory cytokines,
including interleukin-1p (IL-1p), IL-6, and tumor necrosis
factor-o. (TNF-a) were reported to be reduced after fucoidan
ingestion (13). Since cancer and inflammatory responses
are closely associated, we need to assess the relationship
between inflammatory markers and levels of fucoidan and NK
cells/immunoglobulins. Lack of measurement of inflammation
markers was the limitations of the present study. Subjects took
a meal without dietary restriction during the trial period. Since
this parameter may affect circulating levels of fucoidan, it may
be a limitation of the present study.

The oral administration of 3 g fucoidan was safe for and
tolerated well by cancer survivors. The present results showed
that fucoidan extracted from C. Okamuranus may enhance the
activation of NK cells in male cancer survivors. No recurrence
of primary tumors was shown in cancer survivors, in whom
primary tumor was eradicated by treatment.
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