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� ŮǨ&�àƆ|$Ƶ 8000ƣ�ŀŉȔŮ$&Ƶ 1500ƣ�ƈę�5!�6�	5 ŠƬ%+!:"%
Þ�$��5ŮǨ²Ɗ&�ǌĻ�ĔƈƂâȷƸŊ (agar) �2(_=A@S^ys1ư#"%üŘÀĻ
#"ȪîƖ �5��ŀŉ�ȰÞ�2(Èų9&�/!�5<N<ȆÞ$�	�&�Æ�
3ȶƊ$0

�6��� ŮǨ&��%Ǣ$Ė���<A^r1<AK#"%ǁǨȵ�Iwe1vBm�aND#"

%ǱǨȵ�WwGK1d^r#"%ƶǨȵ% 3ƣ$¯ȵ�6�Îņ�5ǢƸĠ¯$đ��ƍ#5ƈę¯
ÿ (ŹȦĀ�ĸ 10 mŮć) 9!4�Table 1$Ơ�652
$ƹǏæ#"9ŚĠ�5Ġ¯��6�6ƍ
#��	5 (öŎ, 1996) �63%� �ƹǏȦƮȌèƱ&�zǠ$\mrĠ¯!Ó'6�Ź%ŵĂ$
�
�ƀ1Źŭ$25¥ð�2(ĔƈƂ%�¨#"
3ŮǨ9 Ȉ�5Ď·9Ĩ��	5 ŉǀȂ%�

Ď �5dI=Tw&�ǱǨȵ%ƹǏȦƮȌèƱĠ¯ �4�ŉŋ%şǐ$¹���ġ�aY$!��

0ņƊ#ś�#ƈƇ�Ɗ9ņ��	5  
(Table 1) > 

���MB9GY$FÖ�

� dI=Tw&�1913 Ą$O>?yXwx>fKqéí%DrwķĬ$2��&�/�Ëî�6 
(Kylin, 1913)�Ɗ	36�ǽĻ%íÌ (ǱǨȵa_kSø Fucus) $�#: �ċ°dI=Nw!ÔÌ
�6� Đ$�ÞȬƱȌÔÌǴƵ$đ��dI=Tw!Ó'652
$#4�ƅß &�L-dIyO9
�Ġ¯!�5ƟȢ¼èƱ%ǀơ!��îǇ�6�	5 �6- $�ÉƣǱǨȵƋŋ%dI=Tw$�

	�ĸè�%Ġ¯¯ō�2(ŚȘǸō�Ǫ86�dIyO%�$�CqFYyO�kw^yO�DMu

yO�2(GsIyO#"%�ĘƱ1>uwȢ (�$GsFuwȢ) #"%ŚĠƱ�ł3
$�6�
�4�Figure 1 $Ơ�652
$Ƌŋ�5ŮǨ$Ė���ŚĠƱ1�%ŚȘ�2(ƟȢ¼%ĈÊ	�
ƍ#5�!�Ɯ36�	5 (ȡ�3, 2003) -��¯ë«$�l]qs1ǢƸ9«»���4��63
�dI=Tw%ƈƇşǐ$�3
%čȱ9Â,��	5ÇǐĘ0ǈ�365 ÉƣŮǨ$��5dI=

Tw%Îņȥ0��%ƣȵ$2��ś� �4�Table 2$Ơ�2
$CJm1vBm%ǏëǤȠ (m
Be) �2(nPF$ŨȒƖè�%dI=Tw�Î-6�	5 (ȡ�3, 2003) �
��zǠ$ 70%�
|�Ū¯ �5ŮǨ�%0%
3ĲÄÇǐ#dI=Twȥ&�Đȕ�5ƈƇşǐ%è�9Ɣı�5�/



$&½¯ &#��ħ® (Ƞ¯Ưǯ) Ƃ�KfrmwY!��ÙÖ¼�6�þäȉç�6�	5  
(Figure 1) > 
(Table 2) > 

���MB9GY(���µ�

� dI=Tw&�ăá¯ëȥ�ĸ{�ĸ½{%èƱȵ�¿�ŪŷĘȶƂǅƿ �4�Ĺǖ�Ɗ1ǩűǑ

ȌĴÚ�Ɗ (lipoprotein lipase %ŬĘ¼#"9���ǩűItOWuys�2(YrGrQrZ%�
}) �Ɯ36�	5 -��ǩƱ¢|ŁĤ³�Ɗ�ĦȢ¼�Ɗ� Ŵ�Ɗ�ǎ«curǣĭȫ�Ɗ#"�
ś�#ņƊşǐ�ǳ®�6�	5 ȔĄ &�dI=Tw�>=sOƭë%ò�ƹǏ)%@wYry1

ǰǯ9ȩð�5�! �HIV 1gsiO>=sO�=wds@wL>=sO#"$ô��Ħ>=sO
�Ɗ9Ơ��!�ł3
$�6�	5 (Schaeffer and Krylov, 2000; Lee et al, 2004; �í�Ƨ %Ɣ
Ǭ) dI=Tw%§ƎȄƫ�Ɗ1Ħ<tsEy�Ɗ0ĸè�ãÐ�6�	5 ǝſ§ƎƳ1[Upq
sDqy (NK) ƹǏ�2(ƹǏ¥ðĘ T ƹǏ (CTL) %ŬĘ¼#"%§ƎȋŬ�Ɗ$�	�&Đȕ�
5���6!&Ȗ$�Įƛ¯ë!%ƚ��Ɗ9���ȲƭƆ1rw`Ɔ%Țȍȩð$¦��!0Ơ×�

6�	5 (Teixeira and Hellewell, 1997; Cunha et al, 2008; Costa et al, 2009) Ħ<tsEy�Ɗ$
�	�&�k>OnXsǽȸ9ȗ���Ûę�ĮǹțĶƐ�2(ƗǙż%ȑŲ$¦�ÇǐĘ�ǳ®�6

��4 (Nasu et al, 1997; Ikegami et al, 2001; Maruyama et al, 2005)��3$�BƹǏ$��5 IgE
FqOO=VU$ô�5Ĥ³ºŏ0ãÐ�6�	5 (Oomizu et al, 2006)   
 
���MB9GY(�=Yb��

� ŮǨ�$Î-65ĦǕƑĠ¯$ȧ�5ƞƤ&�1970 Ą�
3Ŀ$ãÐ�#�6��4�1980 Ą%
Usui 3%ãÐ9
8�4$�dI=Tw%ĦCw�Ɗ$ȧ�5èǷƖ#ƞƤ�Ǫ86��� �}�
�6- $İØ�6���0%%«��ǬƖ#ȼ�%�Ɗśĉ�1) CwƹǏ%åŦĤ³�2(ƹǏţ
%ȁõ�2) ǩƪĽƈ%ȩð9���ǕƑƔȝ%Ĥ³�3) CwƹǏȐƢ%Ĥ³��2(�4) ĦǕƑ§
ƎƳ%ŬĘ¼�9ƺ��5  
 
� ���=Y­´(s��g1M*­´�(Âw�

 2005Ą
3 2009Ą$
���CwƹǏœ%âȷ}$��5ƹǏåŦ�2(ƈì$�2,�a_kS
�2(AD[vnPFdI=Tw%ºŏ$ȧ��ą�
%ƞƤ�#�6��4�aYrw`ǕƹǏœ

HS-sultan�2(MOLT4�aYƕǩƏƹǏœU937�2(aYéǖCwƹǏœHCT-15#"$�	��
dI=Tw$25ƹǏåŦĤ³�2(<jYyMO (caspase-3 %ŬĘ¼) 9���ƹǏţ�ȁõ�6
5�!�ãÐ�6�	5 (Aisa et al, 2005; Teruya et al, 2007; Hyun et al, 2009) Ëś$�ùú (ï
ŉ) 30�aY�CwƹǏœMCF-7%åŦ�2(ƈì$Â,�AD[vnPFdI=Tw%čȱ9ŗ
ǻ��	5 (Yamasaki-Miyamoto et al, 2009) ŉƞƤ&�ŉǀȂªǥǉ%ģ$250% �4�÷�
Ǿ��ƺ���	 MCF-7ƹǏ%åŦ&�10~1000 µg/mL %dI=TwŰ¹$2���ņĜý90�
�ŻĈ�ìƖ$Ĥ³�6�%$ô���aY�ǘ|ƗƹǏ (HMEC)  &�3čȱ�6#
�� dI
=TwŰ¹$25ƈƹǏĸ%Ų÷&�âȷ 48ŃȦĐ
3ȴǥ$Ȁ/36�Ëś%ŃȦĀ$�	��<
jYyMOţ9Ơ�¯ëīŜ (ƹǏÑŇ sub-G1%å¹�DNA%ļƁ¼�FukUw%¬ȭ�PARP 

(Figure 2) > 
%¯Ǹ) �Ƕó�6� -��<jYyMOȁõ$¦�BO`yRƼȏ%ŬĘ¼9Ȅ*�ƽŏ�
caspase-8�2(-7 %ŬĘ¼�Ȁ/36��63%BO`yR$ô�5ȩð¶ ­Ƈ��ƽŏ�dI=
Tw$25ƹǏţ�ȴǥ$Ĥ³�6� -��cytochrome c %ĵ®9�
 caspase-9%ŬĘ¼9Ȁ/
��!
3�lYIwZr<9���<jYyMOȁõƼȏ0-��dI=Tw$25ƹǏţȁõ$z

Ƞȧ��5�!�Ơ×�6� �63%ŗǻ
3��6- $Ǹł�6�	5<jYyMOȁõƼȏ 
(Figure 2) %«�dI=Tw&��$ caspase-89���BOHyZ%ŬĘ¼$¦�0%!įó�6�  
� Caspase-8&�ȗā Fas1 TNF-R#"% death receptor%}ŭ ¦�¯ë �4�BO`yRƼȏ
%ŬĘ¼$¦�dI=Tw%Åñ�&�-�Ëî�6�	#	 zľ �Haneji3&�Ġ� TƹǏĘ
ƕǩƏ (ATL) ƹǏ9Ɗ	�ŗǻ
3�AD[vnPFdI=Tw�BO`yRȩð¯ë �5 IAP 
(inhibitor of apoptosis protein) -2 �2( survivine %Ĥ³$¦��!9ãÐ��	5 (Haneji et al, 
2005) -��ATLƹǏ1aYǋCwƹǏœHuh7 &�dI=Tw$25ƹǏÑŇ<tOY�ƈ�5
�!�Ơ�6�	5 (Haneji et al, 2005; Nagamine et al, 2009)  đ���dI=Tw$25BO`



yRƼȏ%ŬĘ¼&�±%Ƽȏ$ô�5�Ɗ
3ȦĮƖ$ȁõ�65ÇǐĘ0�5!ǈ�365  
 
� ���º¨��(Ðv6^��·¡¢Ê(�g�

 µȕ%dI=Tw$25ƓƹǏƙĮƖ#<jYyMOȁõ$ȧ�5Ɯǳ&�âȷǽȸ%ƽŏ
3Ē3
6�0%�Ť" �§Ǝ~© (SCID) k>OƗ}$ƢŖ�� ATLƹǏ%åŦ�dI=Twĥ�$2�
�Ĥ³�65�!9 Haneji3�ãÐ��&	50%%�ƈ�«$�	�"6��%ĜǇ9Ī�
&�
î
 #	 zľ �k>OǊǕƹǏœ S1801ČȌƹǏǕMOPC3159Ɨ}ƢŖ��k>O%ǕƑČ
ĠȠ�$�	��dI=Twĥ�$25ȴǥ#ǩƪĽƈȩð�Ƕó�6�	5 (Koyanagi et al, 2003; 
Narazaki et al, 2008) �ǥǉ3ª$��63%ƞƤãÐ$�	��ǩƪ«ƗåŦÝë (VEGF) $2
��ȁõ�65aYǛĀȯǒ«ƗƹǏ (HUVEC) %åŦ�dI=Tw$2��Ĥ³�65�!9Ơ�
��4�dI=Tw�ǩƪ«ƗƹǏ$�Ɗ�5�! ǩƪĽƈ9ȩð��ǕƑČĠ%Ĥ³$¦��!�

Ơ×�65 �����%�ƊşĆ$�	�&��ǉƍ#5ǳǸ9İƠ��	5 (Figure 3) Koyanagi
3&�dI=Tw� VEGF$ƽÊ�5�! ��%�Ɗ9�Õ��VEGFÅñ� (VEGFR) -2MG[
s%ŬĘ¼�2(ǩƪ«ƗƹǏåŦ9ȩð�5!ƽȅ��	5 �6$ô���Narazaki 3&�dI
=Tw� VEGFÅñ� neuropilin (NRP) -1!OBhwNoyÅñ� SREC-I 9HUVECƹǏǚ| 
ŐŞ��VEGFÅñ�%ƹǏ«Ä4ȓ.9ȁõ�5�! �VEGFMG[s9Ȟļ�5!��	5   

(Figure 3) > 
� ���=Y­´Æ¦(�g�

� dI=Tw$25CwȐƢĤ³�Ɗ&�k>OȯǒƢŖ�� L-1 sarcoma %ǍȐƢ�2(k>Oƨ
«ƢŖ�� Lewis lung carcinoma %ǍȐƢ$�	�ãÐ�6�	5 (Roszkowski et al, 1989; 
Alekseyenko et al, 2007) �
���63%ȅĺ &�dI=Tw�ƈ�«$�	�CwȐƢ9ȩð
�5şĆ$�	�ŗǻ�#�6�	#	 dI=Tw&�P-selectin 1 L-selectin #"%Įƛ¯ë�
5	&stromal cell-derived factor-1 (SDF-1/CXCL12) !	��HnB=w!ƚ��Ɗ�5�!�Ɯ3
6��4��6$2��CwƹǏ%Țȍ1ůŸ9ȩð�5�!�ǈ�365 (Varki, 1994; Fermas et 
al, 2008; Gassmann et al, 2010)  
 
� ����·¡c ¬(��i�

� �6- $ȕ*���ƞƤĠŏ&�âȷǽȸ1k>OǗǔ)%dI=Twĥ�#"
3Ē36�0%

�+!:" �4�dI=TwĲȶ$25ĦǕƑºŏ9ŗǻ�����ƃ$íǫȅĺ%Č ƔǬ�6�

�&ř/�÷#	 �%ś#�$����Maruyama3&�rw`ǕƹǏœ A209Ɨ}Įƣ��k>
OnXs$�	��mBedI=TwĲȶ�ǕƑČĠ9ȴǥ$Ĥ³�5�!9ãÐ���4�mBed

I=Tw9ĲÄ��k>O
3¾Ȯ��ǓǜƹǏ&�IwYuysȶĲÄk>OƋŋ%ǓǜƹǏ!ŨȒ

���IFN-g1 IL-12#"%K=YB=wƉƈǐ1 NKƹǏ�2( CTL%CwƹǏŧ¥ǐ�Ȼ	�!
�Ơ�6�	5(Maruyama et al, 2003) đ���dI=TwĲȶ$�
ĦǕƑ§ƎƳ%ŬĘ¼�ǕƑ
%Ǆö9õ	�!ǈ�365���ƊşĆ (ƃ$ NKƹǏ1 CTL�"%2
$��ŬĘ¼�65%

!Ǻ��Ž) $�	��½¯#Ǽł$&Ǟ��	#	  
� dI=Tw&ȶƂǅƿ%zƣ �4��«)%ÏÃĘ&ř/�Ě	 ŅȔ�£āƌĘ9ǭȸǉ!��

ǽȸ$�	��1g%dI=Tw9ĲÄ�� 6~9ŃȦĐ$�10~60 ng/mL %dI=Tw�ǩ� ŗ®�
65�!�Ơ�6�	5� (Tokita et al, 2010)�țÁ$ãÐ�6�	5dI=Tw%�ƊŻĈ%è�
&�µg AyTy �5�!9ǈğ�5!�÷#�!0ǩ�$�	�dI=Tw�ºŏ9Ɣı�5Çǐ
Ę&�	!ė865 zľ �ǖƪ$&�ƏÀ�%ƈ�«ș¨9Ƙǵ�5ž%`=@sŌ!Ó'65§

ƎƳƻǆ�¤8���4�M ƹǏ$2��`=@sŌ«$Ä4ȓ-6�ƍƂ��`SywȀȇÅñ�

9���kFud;yN1ŝƄƹǏ (DC) #"%ĦÀİƠƹǏ9´ź��ǖƪ§ƎƳ%ŬĘ¼9õ�
�!�Ɯ36�	5 (Figure 4) ƅßŅ0ņ¸#Ȃ &�dI=Tw0Ëś$��MƹǏ$2��`
=@sŌ$Ä4ȓ-6��� kFud;yN1DC%¯¼�2(ŬĘ¼9ěȎ���63
3Ɖƈ�
65 IFN-g1 IL-12#"%�Ɗ$2�� NKƹǏ1 CTL�ŬĘ¼�6�ǕƑ%ĭȫ$¦�!ǈ�36
�	5  

(Figure 4) > 
� �%�Ȃ (dI=Tw�DC�2(kFud;yN%ŬĘ¼$¦��!) 9ĳĪ�5XyS�ą�

ãÐ�6�	5 Kim3&�k>OȹȺƹǏ9GM-CSFìß} âȷ��DC¯¼��5Ȭ$dI=



Tw9Ű¹�5!�ĦÀİƠ$�	�ȣǲ#Ď·9ŏ��MHC¯ë1 CD54�CD86!Ǻ��DCŬ
Ę¼kyBy%Ɣƅ��ș��IL-12Ɖƈǐ0Í|�5�!9Ơ��	5 (Kim et al, 2008) -��Jin
3&aYňŕǩ
3¾Ȯ�� DC $25 TNF-aƉƈǐ�dI=Tw$2���ș�65�!9Ơ��
�3$��%dI=Tw$25 TNF-aƉƈ%�ș��siRNA 9Ɗ	� scavenger receptor class A 
(SR-A) %^VFT>w$2��DowQs�65�!
3�SR-A � DC ŬĘ¼MG[s9Ɣ¡�5
dI=TwÅñ�!��şǐ�5�!9ł3
$�� (Jin et al, 2009) kFud;yN$�	�0�
dI=Tw� SR-A 9����%ŬĘ¼ (NO Ɖƈ%�ș) 9ȁõ�5�!�ãÐ�6�	5 
(Nakamura et al, 2006) ¹���DC1kFud;yN$��5�%�%dI=TwÅñ�!���
ƏÀ�Ȁȇ$ȧ85 toll-like receptor 4 (TLR4) 1 CD14#"�ǈ�365 (Teruya et al, 2009)  
 
	��152'�

� �6- ȕ*���2
$�dI=Tw&èś#ƈƇŬĘ9ņ���4�ƃ$ĦCw�Ɗ$�	�&�

ą�
%ƍ#5�ƊƼȏ�ãÐ�6��4�ūƒ)%ĖƊ�Ňď�65 �
���%�ƊşĆ$�	

�&~ł#Ž�è��ƃ$CwƹǏţ1§ƎŬĘ¼90�3�ƹǏ«MG[sƼȏ%Ǹł#"&��Đ

�3$Ä4ƻ-65*�ŗǻȃȳ!��ť�6�	5 dI=Tw%ƈƇŬĘ&ƟȢ¼Ĉ�Ȼ	+"Ċ

	!Ǻ
Ɯǳ�zǠƖ �4�ą�
íǫƖ#Ŕĩ0İƠ�6�	5� (Koyanagi et al, 2003; Teruya 
et al, 2007, 2009)�dI=Tw%ƱƻĠ1¼íŚȘ&ś� �5�/�ƝƾƖ$ƽȅ�5�!&®ŋ#
	 �7
 Ƌŋ%ƍ#5ÉƣdI=Tw$�	��ƟȢ¼Ĉ1ŚȘ!ƈƇŬĘ!%ƚȧ9ŨȒ¯ō�

�	��!�ĕǲ �4�É��ƊşŚ�ƍ#5Ž9ǳ®��!�®ŋ6'��63%ƚ�ºŏ0Ňď

 �5 -��ŅȔ��Ȣǣ Th221œ!mBedI=Tw%�Ɗ�§ƎȄƫ (kFud;yN% IL-12
Ɖƈȁõ1k>O<tsEynXsǽȸ$��5ƏĞǃÕ) 1=wds@wL>=sOĝőȨē (k
>Oĝőǽȸ$��5>=sOåŦ%Ĥ³�2(ũȜƮǚ IgA ƉƈĖƩ) $�	�ƚ�Ɩ#ºŏ90
�3�!%ãÐ (ƇƞbSlw!DVIykw!%ªËƞƤ$24��6�6�Ʀ 63 ÜŀŉŒȷxȶ
Ʋí��2(Ʀ 56 ÜŀŉƈǦí�$�ƔǬ) ��4�ȶÖ�$Î-65ƈƇŬĘĠ¯%ƻ.Ê8�º
ŏ$�	�0ǟÒ�Ī�65  
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Table 1.  Polysaccharides produced by seaweeds (Kobayashi, 1996)
Cytoskeleton

Cellulose I
Cellulose II
b-1, 3-Xylan
b-1, 4-Mannan

Cellulose II
Hemicellulose

Cellulose II
Hemicellulose
b-1, 3-Mannan
b-1, 4-Xylan

Extracellular viscous component

Xyloarabinogalactan (sulfate)
Glucuronoxylorhamnan (sulfate)
Glucuronoxylorhamnogalactan

(sulfate)

Alginic acid
Fucoidan

Agar
Carrageenan
Porphyran

Energy storage

Amylose
Amylopectin

Laminaran

Floridian starch

Green
algae

Brown
algae

Red
algae



Laminariales
Kjellmaniella crassifolia “Gagome”
Laminaria japonica “Makombu” 
Undaria pinnatifida (frond)    “Wakame” 
Undaria pinnatifida (sporophyll)    “Mekabu” 
Eisenia bicyclis   “Arame” 
Ecklonia maxima
Lessonia nigrescens

Fucales
Fucus vesiculosus
Ascophyllum nodosum

Chodariales
Nemarystus decipiens “Mozuku” 
Cladosiphon okamuranus   “Okinawamozuku”

Table 2.  Fucoidan contents in brown algae (Sakai et al, 2003)

40 g
15 g
15 g
80 g
70 g
40 g
46 g

70 g
110 g 

250 g
250 g

( “ “ : a common name in the Japanese, g/1 kg dry weight)



Figure 1.  Structures and component sugars of fucoidan
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Figure 2.  Caspase cascade for apoptosis induction



Figure 3.  Mechanistic models for inhibition of 
proangiogenic signaling by fucoidan

Koyanagi et al (2003) Narazaki et al (2008)
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Figure 4.  Anti-cancer effect of fucoidan via activation of 
intestinal immune system

Mf DC
IL-12

CD8+ 

T cells

IFN-g

NK cells CTL NK cells

> Uptake of antigens (fucoidan) by M cells 
> Delivery to antigen-presenting cells

> Maturation and activation 
of macrophages and DCs

> Cytokine production

> Differentiation and activation 
of CD8+ T cells and NK cells

> Killing of target cells by 
inducing osmotic cell lysis 
or apoptosis

Perforin
Granzymes
TNF  etc.

Virus-
infected 
cells

Cancer
cells

Intestinal
lumen

Peyer’s patches

M cells


