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Cancer incidence is closely associated with the life style. Various factors in plant
food, as antioxidative vitamin, carotenoids, phenolic, terpenocids, indoles and fibers,
have been considered as responsible for reducing the life style related diseases including
cancers. Among the carotenoids, 600 different types are found in nature, 40 are
regularly in our diets. Chemically, carotenoids are divided into the hydrocarbon
carotenoids, and oxygenated carotenoids xanthophylls. The relative bioavailability of
carotenes compared with the xanthophylls was studied and indicates some of the
xanthophyll showed higher bioavailability than carotenes. A strategy for cancer
prevention with food factors is to find out the bioavailable compounds that are
refractory to be conjugated with glucuronide/sulfate during absorption. Xanthophylls
are known to be incorporated into body without conjugation. In the present study, the
author is interested in fucoxanthin, a major xanthophyll in brown seaweeds which
receives a minor change at the side chain of ionone ring in the intestinal absorption
process. Thus, fucoxanthin is considered as one of the promising candidate for cancer
prevention.

In this study, the author first explored the cancer chemopreventive factors in foods,
focusing the target on a traditional diet, Japanese kelp. The evidence has been provided
that a diet containing kelp powder can significantly increases the longevity of mouse
under growing benzo[a]pyrene (BaP) diet, an environmental carcinogen. Animals fed
4-ppm BaP diets significantly reduced life span whereas addition of kelp powder
remarkably recovered the life span to the similar level of carcinogen free animals. The
increasing life span was associated with the reduction of cancer risk because cancer
shortening the longevity. Thus, the Japanese kelp seems to be a treasure resource for
cancer preventing factors. Analysis of ingredients and the evaluation of in vitro
bioactivity showed that it includes several beneficial cdmpounds in respect to cancer
prevention and xanthophyll fucoxanthin was one of them.

To make more stringent evidence then the author employed a short term animal study
to investigate the inhibitory effects of fucoxanthin and kelp extract on the
development of azoxymethene (AOM)-induced colonic aberrant crypt foci

(ACF).Carcinogen treated rodent colon revealed the presence of a single or cluster of
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morphologically altered crypts. These crypts termed as aberrant crypts and it was
hypothesized that aberrant crypt represented as preneoplastic markers. Thus, their
number and growth features could be used to identify the modulator and/or suppressor
of colon carcinogenesis. The number of ACF per mouse was significantly lower in
fucoxanthin given mice compared to AOM alone mice, about 31%, 35% inhibition by
fucoxanthin at 0.05 and 0.1 mg/ml dose, respectively. These findings suggest that
fucoxanthin suppress early phase of colon carcinogenesis. Kelp extract, containing
0.075 ing/ml fucoxanthin also showed inhibition of ACF development by 36%
compared to the AOM alone mice. The results that kelp extract and fucoxanthin
similarly reduced the number of ACF indicate that fucoxanthin is one of the active
ingredients of kelp. Several mechanisms are behind the prevention of ACF development,
e.g. elevation of phase Il enzyme activity, an inhibition of tumor proliferation and/or
induction of the apoptosis of tumor cells. It was also examined the changes in activity of
two phase II enzymes, glutathione S-transferase (GST) and quionone reductase (QR), in
the liver of mice given fucoxanthin. Fucoxanthin showed a minor induction of GST
activity at a dose of 0.1 mg/ml indicating the ACF suppression was possibly due to
other mechanisms rather than phase II enzyme activation.

ACF demonstrate a greater cellular proliferation than generalized hyperproliferative
mucosa. It was reported that proliferating cell nuclear antigen (PCNA) positive index, a
biochemical biomarker for cell proliferation was greater in ACF than normal appearing
crypts and over-expression of cyclin D1 in ACF induced by AOM was higher than
normal crypts. Thus, development of ACF might be suppressed by inhibition of cellular
proliferation. Then, the effects of fucoxanthin on the growth of colon cancer cells
(WiDr) were examined. Fucoxanthin reduced the viability of cells through the induction
of cell cycle arrest at Go/G, phase followed by apoptosis. Fucoxanthin induced the
up-regulation of p21VAFC#: 5 negative regulator for cell cycle at both transcriptional
and protein level. In further investigations by using isogenic buman colon

adenocarcinoma cell lines, fucoxanthin failed to induce Go/G, arrest in p21-deficient
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HCT116 cells, but not in HCT116 wild-type cells revealed the critical role of p21 in
fucoxanthin mediated growth arrest. Thus, fucoxanthin regulates cell proliferation by
induction of growth inhibitory signals and similar type mechanisms are supposed to be
involved in fucoxanthin mediated ACF suppression.

To elucidate the effects of fucoxanthin against other carcinoma, the present study
was further extended to investigate the effect of fucoxanthin against hepatic cancer by
using HepG2 cells. In hepatic carcinoma cell line fucoxanthin also caused inhibition of
cell proliferation by causing cell cycle arrest at Go/G; phase. Fucoxanthin caused
down-regulation of cyclin D type protein through the ubiquitin- proteasome pathway
andthus inhibiting the cyclin D/ cdk 4 kinase activity and as a result cell cycle has been
arrested.

Fucoxanthin caused cell cycle arrest in both colon and hepatic carcinoma cell line
and the growth inhibitory signals have been elucidated. In colon cancer cell line
fucoxanthin (25 M) up-regulates p21 ¥*¥®! and have no effect on the Cyclin Ds
protein at least at 24 h. Whereas, in hepatic carcinoma cell line same concentration of
fucoxanthin showed rapid down regulation of Cyclin Ds type protein. The signal
pathway responsible for inducing growth arrest may be variable depending on tissue
types. This may be due to variations in the endogenous growth factors produced in the
different cell types or to variations in the growth-regulating signaling pathways altered
in the different cell types during the process of immortalization and/or transformation.

In conclusion, fucoxanthin in Japanese kelp contributes to the prevention from
hepatic and colon carcinogenesis. Cancer cells are proliferating more actively than the
non-cancer cells in the body and are incorporating various endogenous chemicals
including non-nutrient. Dietary fucoxanthin may specifically incorporate to the cancer
cells without ma_king conjugation and exhibit the suppressing activity on the

proliferation and thus act as a cancer preventing agents.
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