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Are seaweed-derived fucoidans possible future
anti-cancer agents?
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Abstract Is there a role for brown macroalgae-derived
fucoidan in cancer therapeutics? This review discusses the
in vitro, in vivo and clinical data concerning fucoidan and
cancer. Fucoidans vary according to the species from which
they are derived, making direct comparisons between studies
difficult. Data from in vitro studies indicate direct activity
against some cancer cell lines. In vivo studies indicate cancer
inhibitory activity, which may also be partly attributable to
increases in innate and specific immunity. A small number of
preliminary clinical studies indicate activity and should be
followed up. Lastly, to date, there is no reported research into
potential interactions between chemotherapy and fucoidan.
Other naturally derived pharmaceuticals are known to inter-
fere with certain forms of chemotherapy, and this should not
be overlooked during the development of fucoidan.
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Fucoidans are complex fucose-rich sulphated carbohydrates
which can be extracted from brown seaweed (kelp) or echino-
derms such as sea urchins. They are negatively charged water-
soluble fibres, are of high molecular weight and are highly
branched. There are a large number of molecular subtypes
depending on their origin (Berteau and Mulloy 2003).

In recent years, some laboratory and, to a lesser extent,
clinical reports have suggested that fucoidans may have a role
in the treatment of human cancer. This review will attempt to
put these reports in perspective.

Fucoidans have been known for several decades to be
biologically active (Fitton 2011). Apart from their purported
anti-cancer activity discussed in this paper, they have been
reported to have anticoagulant (Irhimeh et al. 2009), anti-
thrombotic (Ustyuzhanina et al. 2013), immune modulating
(Jin et al. 2014; Myers et al. 2011), pro-apoptotic (Park et al.
2013), viral inhibitory (Hayashi et al. 2008; Prokofjeva et al.
2013) and stem cell mobilising (Irhimeh et al. 2007) actions.
However, as many of these studies were carried out with
impure or chemically inexact fractions, it does not necessarily
follow that fucoidan itself was the active agent.

The principle that pharmaceuticals may be derived from the
plant kingdom is well established historically and long pre-
cedes the development of modern medicine. Furthermore, of
specific relevance to the topic at hand, several highly effective
contemporary cancer chemotherapeutic agents are of botani-
cal origin. These include vincristine from the Madagascan
periwinkle, a component of the curative treatment for acute
lymphoblastic leukaemia (Whitelaw and Kim 1964);
etoposide from the mandrake plant widely used to treat vari-
ous cancers including lymphomas (Vogelzang et al. 1982);
and taxanes from the Pacific yew tree, which are active against
several metastatic cancers including that of the breast
(Slichenmyer and Von Hoff 1991).

Fucoidans were first reported as possibly having anti-
cancer activity in the 1980s (Teas et al. 1984). A recent search
of the PubMed database (which lists over 23 million medical
and biological scientific papers) using the topics ‘fucoidan’
and ‘cancer’ identified 142 relevant publications. The major-
ity of these publications describe laboratory studies such as
the addition of fucoidan to in vitro growth of cancer cell lines.
Cancer cell lines that have been reported to be inhibited by
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fucoidans include those of the liver (Yang et al. 2013), urinary
bladder (Park et al. 2014), prostate (Boo et al. 2013), breast
(Banafa et al. 2013), colon (Vishchuk et al. 2013) and lung
(Lee et al. 2012).

Amore realistic study (in the sense of potential relevance to
clinical practice) showed that a fucoidan extract added to
chemotherapy (cisplatin, tamoxifen or paclitaxel) on a breast
cancer cell line induced cell growth inhibition, cell cycle
modifications and enhanced apoptosis (Zhang et al. 2013).

The studies described above were all carried out in vitro.
Published in vivo studies, which are likely to be of more
relevance to clinical practice, have been small in number,
but include some that show inhibition of transplantable can-
cers in mice. They include studies of breast (Xue et al. 2013)
and lung cancers (Ale et al. 2011) and melanoma (Ale et al.
2011). One study showed that administration of fucoidan to
mice reduced the development of metastases from breast
cancer (Hsu et al. 2013).

Even fewer are clinical trials in humans. Of those
that have been reported, that of Ikeguchi et al. (2011) is
of particular note as it studied patients (n=20) with
colorectal cancer who took standard chemotherapy with
or without fucoidan. They reported that the patients who
took fucoidan had significantly less fatigue and were
able to tolerate more chemotherapy. The authors also
claimed that those who took the fucoidan had prolonged
survival, but this was not significant statistically. Unfor-
tunately, the small size of this study limits its
generalisability. In another Japanese study with 13 pa-
tients, 6 g fucoidan was taken daily for 6–13 months by
subjects infected with HTLV-1, a retrovirus that can
lead to adult T cell leukaemia. Viral load levels are
positively associated with the risk of developing disease.
A 42 % decrease in proviral load was noted over the
study period. Once again, the small study size is noted
(Araya et al. 2011).

In the 1960s, Italian researchers apparently used a fucoidan
preparation intravenously as an experimental treatment for
leukaemia, but the research was not followed up (Claudio
and Standardo 1965).

Other reports of the use of fucoidans relevant to cancer
therapeutics include chemotherapy loading of fucoidan nano-
particles (Lee et al. 2013), enhancement of T cell cytotoxicity
(Hu et al. 2010) and use of fucoidan to promote antigen-
specific T cell immune responses (Jin et al. 2014). In this last
study, several effects of fucoidan were of potential relevance
including promotion of maturation of spleen dendritic cells,
induction of pro-inflammatory cytokine production, genera-
tion of Th1 and Tc1 cells and enhancement of antibody
production and T cell responses in vivo. Postulated biological
mechanisms bywhich fucoidansmay bring about these effects
include nitric oxide release, activation of NK cells (Ale et al.
2011), inhibition of EGFR, anti-caspase effects (Banafa et al.

2013), induction of apoptosis (Ale et al. 2011) and anti-
angiogenesis (Ustyuzhanina et al. 2014).

A randomised placebo-controlled study in elderly subjects
demonstrated increased immune responses to vaccination in
subjects taking 300 mg fucoidan daily. Subjects took fucoidan
for 4 weeks prior to vaccination. Antibody production was
increased in the fucoidan group (Negishi et al. 2013). This
heightened immune response to vaccination may be useful
and may also reflect specific immune responses applicable in
an oncology setting.

Unfortunately, there are as yet no quality trials of fucoidans
in the treatment of human cancer. There are many reasons for
this. One difficulty is that fucoidans have a wide diversity of
composition (molecular structure) (Ustyuzhanina et al. 2014)
depending on, amongst other things, species of seaweed,
growth environment, season of harvesting, part of the plant
from which the compound is obtained, the degree of
sulphation and method of purification. Another issue is the
question of the optimum route of administration. When taken
orally, absorption is low and may only be of the order of 1 %
or less depending on the type of fucoidan, but is not nil
(Irhimeh et al. 2005; Tokita et al. 2010).

One aspect that has hardly been addressed is the
issue of safety for oncology patients. While dietary
brown seaweeds and some commercial fucoidans are
categorised ‘generally regarded as safe (GRAS)’ in the
USA based on their use as a foodstuff in the human
diet for eons and are safely ingested by the general
population, the question of possible interference with
standard anti-cancer treatments is a separate issue about
which evidence is lacking. The basis for raising this as
a critical question are the precedents that (1) certain
foodstuffs have been found to significantly increase the
absorption of standard pharmaceuticals (e.g. grapefruit
and various drugs (Bailey et al. 2013)), thus risking
toxicity; and that (2) in the cancer chemotherapeutic
field, the widely used ‘natural’ anti-depressant St.
John’s wort interferes with the efficacy of the chemo-
therapy agent etoposide (Peebles et al. 2001). In this
respect, a relevant recent paper has found interactions
between uncharacterised dietary fucoidan and the anti-
breast cancer drug lapatinib on growth and growth in-
hibition of certain cancer cell lines (Oh et al. 2014).
This emphasises the need for further interaction studies
to be carried out on well characterised fractions.

In summary, fucoidans are biologically active, high MW
carbohydrates derived from brown marine macroalgae. Of
relevance to cancer therapeutics in vitro, they have been
shown to inhibit a wide range of cancer cell lines. A limited
number of studies in mice indicate that anti-cancer effects are
seen in vivo too. Unfortunately, so far, there are anecdotes, but
no quality clinical trials of fucoidan use in cancer patients;
clearly, further research is justified.
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