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Fucoidan(2Z0|th2 F2 ZXFOIN FEE|= fucoseE R &
o, ZHiola{a W EEY matet B Crust 222 HYH
2 YUK UALCE Z[Z o mEH, K| Al 2O ME fucoidan| B4l adjuvant(EH&
H)ZAC| 7Hs540] HMAI|QICE =4t 2O M=, EEAZZA Q| fucoidan| 7|50 st
ATE E0E1 Qo) A8 Wil IS {5t adjuvant STle MRS HFHOICL SSM=E
Ol fucoidan?| adjuvantof CH3E 2EE QI HEQL E7H tHMHE SHSH St Bo| AR,
fucoidang 07 A8 adjuvant2 ALESH7| 2IsiME O|ROAMZ O|F Solg 27t QUL
EESF fucoidan®| EXHEFON| 2t MZ L S4=80] Z7| Ct2CH=s Mt HalK|o| ollzdof
2 N Mde Zatst 0]Fo| E0|HY HhS A|AH0] CHst G717t Bo| EFSICH= K| 2o
RUCH 2tA] of2fst 2OFof| Cist A 3&Ql oltvh SIHE EICHH oPMst Z k& Ql adjuvant
2 A% 4= U AHolct 2 APME fuccidanO| AHE I SES2 Fo| Hx=
S e 2 Nz Mo Okl Feko Cist I8 HESID, A4 20N fucoidan
O At 1t OlF HWAlE adjuvant2AQ| TtsME DESIAULCE
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Fucoidan is a physiologically functional ingredient extracted from seaweed brown algae,
which is a sulfated polysaccharide containing fucose as a main molecule backbone.
Fucoidan has a variety of immune-modulating or -stimulating effects, including promoting
antigen uptake and enhancing anti-bacterial, anti-viral and anti-tumor effects. In addition,
recent studies have suggested the possibility of use of fucoidan as a vaccine adjuvant in the
field of human vaccine. Use of fucoidan as supplementary feeds have already been studied,
but the development of fucoidan as an adjuvant of fish vaccine is still premature. However,
the intracellular uptake of fucoidan differs depending on the molecular weight of fucoidan,
and there is a limit to the study on specific immune response including the production
of antibodies to fish caused by an artificial infection of pathogen. Although the safety of
fucoidan has been demonstrated in animal cells, there is a need to confirm the safety of
fucoidan in fish. Therefore, active research in this field is needed to use fucoidan as a vaccine
adjuvant. This study discussed the effects of fucoidan on immune stimulation, humoral-
and cellular- immunity including humans and animals. The prospect of fucoidan as a
vaccine adjuvant in fisheries also reviewed.

Keywords: Fucoidan(Z3.0|th), Brown seaweeds(ZZ5), Fish vaccine(Ol& A1), Adjuvant
& EZEH]), Immune-stimulators(H S S Z )
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9.; HIAIMZ(@ntigen presenting cells)l| &
|| (macrophage)@t 2 It (lymphocyte) 2|
‘g3t W cytokines| M FE & O|CHMarrack et al, 2009).
5|, Toll-like receptors (TLRs), pattern recognition receptors (PRRs)
2f ligand?l MAMPsS| 2242 D|E=0] 2ol HAEZO| OfEA
AZE|l=X|of Cfet Z-EQl F4E M-SR CHPulendran et al,
2011). Adjuvant= T2 AIES T4 2 oF A7} G| TIAE|
1 oLt HE3E aduvant?] HdEHE2 = WAE0(D, alu-
minum hydroxide S+ aluminum salts@} mineral oil0] 429!
oil adjuvantZ} 7t% LEHEO|CHPark, 2008; Knight-Jones et al,

o 4> du
bt
A
fim]|
1>
>
am ruLOl o o

% WA adjuvant OIH|E AT DFEEZER| 2 2 HA|Of
Ol 372t B-cell H T-cell 240] M2 2t =7t HAELS
= SFE T2 F AUCL 2 HAo 2HHQI adju-
vant SFE+ oil emulsion, Freund's complete (incomplete) adju-
vant, Montamde, alum, nano- E££ micro- &/XtE 0|83 adjuvant,
PLGA (Poly-lactide-co-glycolide)2} ISCOMs (Immune-stimulating
complex) 3¢ 7|E} mineral il adjuvants S0| R{CkTable 1). CHAI
AHO{(Salmo salar L)2t &0 (Dicentrarchus labrayo| M, 8 ML
mineral oil adjuvants& H|E2| 2 H vibriosis), X==27| HEZ|2Y
X BEH(furnculosis)tt 22 Mod BHO| Cfstod F7(2t 2ot
7t X&Ee AR LEHH2L, 0 He 4T X|gl |015
q =209 S0t 22 BE20| Q80| Y CHMidtlyng et al,

1996, Midtlyng and Lillehaug, 1998; Afonso et al, 2005). CH2 &7
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Table 1. Adjuvants currently used and clinical tested in fish vaccines

Type Adjuvant Pathogen References
Aeromonas salmonicida (A. salmonicida) Mulvey et al. (1995)
o Potassium aluminium (Alum) Eawardsiella ictaluri (E. ictalur) Tyler and Klesius (1994)
Aluminium
Aluminium hydroxide Edwardsiella tarda (. tarda) Fan et al. (2012)
Reddish body iridovirus (TRBIV) Jiao et al. (2010)
Aj-oil (Alpha Ject 5200) Moritella viscosa (M. viscosa) Gudmundsdottir et al. (2007)
Oil-adjuvant A. salmonicida + M. viscosa Mutoloki et al. (2010)
Mineral-oil-adjuvant A. salmonicida + Vibrio anguillarum Mikkelsen et al. (2004)
Photobacterium damsela subsp. piscicida Kawakami et al. (1998)
Streptococcus iniae Soltani et al. (2007)
Aeromonas hydrophila (A. hydrophila) Fang et al. (2004)
z:;zc:nst E? g\AF))Iete Aeromonas salmonicida Olivier at al. (1985)
Mycobacterium bovis Kato et al. (2012)
QOil emulsions Flavobacterium psychriophilum Hogfors et al. (2008)

Flavobaterium columnare

Grabowski et al. (2004)

Freund's incomplete
adjuvant (FIA)

Eadwardssiella tarda
Lactococcus garvieae (L. garvieae)
Tenacibaculum maritimum

Aphanomyces invadans

Jiao et al. (2010)

Kubilay et al. (2008)

Van Gelderen et al. (2009)
Saikia et al. (2012)

Montanide ISA763
Montanide ISA763A
Montanide ISA711

A. hydrophila + L. garvieae
Philasterides dlicentrarchi

Psedomonas plecoglossicida

Bastardo et al. (2012)
Lamas et al. (2008)
Ninomiya et al. (2001)

Immuno-stimulatory
adjuvants

B-glucan
Yeast glucan

Vibrio damsela
A. hydrophila
E ictaluri

A. salmonicida + Vibrio salmonicida

Figueras et al. (1998)
Kamilya et al. (2006)
Chen and Ainworth (1992)
Rorstad et al. (1993)

Quil-A saponins (ISCOMS)

E tarda

Ashida et al. (1999)

Poly I.C
(polyinosinic polycytidylic
acid)

Infectious haematopoietic necrosis virus
(IHNV)

Redspotted grouper nervous necrosis virus
Viral hemorrhagic septicemia (VHSV)

Kim et al. (2009)
Nishizawa et al. (2009)
Oh et al. (2012)
Takami et al. (2010)

Lipopeptides (pGPL-Mcd)

A. salmonicida

Hoel et al. (1997)

Flagellin
(Toll-like receptor 5 agonist)

Piscirickettsia salmonis

E tarda

Wilhelm et al. (2006)
Jiao et al. (2009)

http://jmls.or.kr



4 Ry - d&Yd - =0|g - 53| - shAXt
Table 1. Adjuvants currently used and clinical tested in fish vaccines (Continued)
Type Adjuvant Pathogen References

Renibacterium salmoninarum

A. salmonicida

A. hydrophila

Bacterial DNA: yarop

CpG oligo, CpG-ODN Vibrio harveyi

(Toll-like receptor 9 agonist) .
Miamiensis avidus

Immuno-stimulatory Salmonid alphavirus

adjuvants VHSV

Rhodes et al. (2004)
Carrington et al. (2007)

Liu et al. (2010a)

Liu et al. (2010b)

Kang et al. (2012)

Thim et al. (2012)
Martinez-Alonso et al. (2011)

A. hydrophila

Red sea bream iridovirus (RSIV)

Yin et al. (2000)
Caipang et al. (2009)

(Cle{L‘";'”lfSS L1, TNFc) VHSV Jimenez et al. (2006)
VHSV Sanchez et al. (2007)
VHSV Peddie et al. (2003)
PLGA micro particles A. hydrophila (+ FIA) Behera et al. (2010)
Particle adjuvant Virus-like particles Lymphocystis disease virus Tian and Yu (2011)
Plasmid DNA IHNV G protein Adomako et al. (2012)

9| adJuvantEE HAZSZH £ HAZZIK (immune-stimulants) z
o AFTOE, YRO|FS FHR3 adjuvantLt Poly L.C (Polyinosinic g

24
polycytidylic acid), B-glucan, saponins, lipopeptides 3 cytokines Lt Hio|2{ 20 01X

2 adjuvant?t 1 Af
ZtE| 0 QUCE HONM|

oil adjuvant CHA|X| 2
g AI, 2tzto| Mol Mol
2do7|x

oo

2 Mol M=,

i =ye]
, B O|L HO[2{ 29| RNA/DNAS 20|

S0| ACH(Table 1). 01 FOIA HF0|H HIELZ S XIF5t= A2 lipopolysaccharide (LPS), EH
2 YT B-glucan2 5L FAL A, 8 QEXCE £2 oA SEHOE EXfote 2XE0 ti3st7| st +8HE 7K
MdE EUOH aduant2A 2 Blt: =2 A2 H LU0t RICt 0= pattern recognition receptor (PRR)O|2t1 S}H, TLRS

(Midtlyng et al, 1996; Ashida et al, 1999; Selvaraj et al, 2005; CHEX QI PRROJICE TLR agonistE2 M 0] TR 0| L3t
Kamilya et al, 2006). Saponine2 T1-helper®t T2-helper H#-8& At 7| W20 WAl adjuvant2A WL =1 RUCKSchnare et al, 2001).

= % RESE §40| 2o 5= WAl adjuvantE HE :rL7f T o VoM et 202t E £ A= Y adjuvant
L] QUCHSun et al, 2009). 7+ 20| AHEE|E saponineQ| & = ”*HliTkOﬂA‘I HAS LS| leh AHR LN, £3] subunit
2= Quil-AZb ALt =2 MZ S84 =F0MQ %‘P_”.‘JQE S O WOz JHHSIIARt o U FEiCh CHEX Q! et
2 ol8fl L2 FF9| Tty saponineO| adjuvantZ 74EEIJ_ ‘2,1 adjuvant@! M@ (Vibrio cholerae S)°| B subunit SA0HS 22|t
ChAshida et al, 1999). Cytokine& &= A0 1 ZF0]| izt O ALESHH Mz =49 flo] §HBSTs 2dst & + ALk =
W2 ATt AL =4 otokineRLEE |nter|eukin—80| 29| B subunit2 EEAM|Z| =&KXt ZSI0] A subunit0] Al
OlFol 7| HAELS S =He = ATt HOjA, Hio|Z 2 Sl 2 0L = AT E HASHH, A subunits ME LHOIA Mz
adjuvantZA{2| 0| BAL|D 1 Jh5go| AFE HE ALt Y-S XSt £ 2| ZE(iposome) WM MZBfap Z0|
(Caipang et al, 2005; 2009). AXES| oY =& 71T YAE =40| gl O MM 2=

Adjuvante HiA10] 25S SHAI7|= 7|22 HHE A HOSZ g40] glelt ¥oj2y 2|ZE2 H[S0|H HAEHO
2oz o A Mg WA £ SR, FM AZT oil AN HASUHZ W ALt SHX|2 2|ZF2 FZ7+ ofF
adjuvant2t 6HE B2 Zds LdUME AIBStL HF2Z O 2 HolY, 54 2 A D, S B A= o
e A7t Hadt 200|Ch ZZ20& TLR ligandLt cytokinelt Mo| Wrte chEO| %20 & 59| TIR agonistS 2
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Of AFZ3BI7{Lt TLR4/TLRY agonistE alum E& Z|EZF1 &H =
25t0] adjuvant2 7St UCHMount et al, 2013; Rombout et
SO|HMT HFO0| Haloh Z #l
293t & + A= adjuvanto| 42

st
THE Hl JhEo| U0l 2T 7|=0[2 E 4 UL

il

Fucoidan2 %2 MY HASAMEZE Q7|8 21 U= dejzd
=HE B2 g2 Sl &Y 25Y 2a, &7, gHolgA
M, gE0io| 8 HAH 2 59| M| zuvt THES
2 golgof mat £o ZxF0 Ho| ZEEY AU fucoidan?]
ol 7|50l thsh 20| O CHKwon et al, 2006; An et al,
2012; Lim, 2014; Kwak, 2014). 3}&& X E [fucoself M| AHZ
ot ZitE FYECE Sl S TIFHFRE, 239 glucose,
galactose, mannose, uronic acids S1tE Z%tst 1 Q/CHChoi et al,
2000). FucoidanO|2t 0| 20| ot fzo| SHZ 2|0[dt= A2
OfLIH F4£0]| fucose@l LEXt Lt ROl ZHOZ ALSEICE

Fucoidan?| £83%t EF2 &
dispersity)= ZHX|= b OREEILR|
Ch S F BF E= siRFO| Y Ao met Crdet 125
EO|=0 RARS 7|12 241 MAIX|O M= RARRE +2E 7HR|=
Aoz UK UCHCumashi et al, 2007; Skriptsova et al, 2010,

S& ChA|DKSaccharina latissima), ZAHY 2 I (Laminaria

- =

digitata), 7MKL (Analjpus japonicus), 24 E(Cadosiphon okamu-
ranus), T (Chorda filum) S0 FE&|& fucoidan pyranose
717t 1-3 A T+ E, 0| & 2HYR(Chdosphon sp) FHE
1 37|7t 1927.2 kDaol| 2tct S5 717 (Ascophyllum nodosum)
M FZEE= CHERE a-l-fucopyranose 7|7t 1-30] 1542
HEEl AZO0|H(Imbs et al, 2011), S & CHAIOKS /fatissima) 520
fucoidan 3954 kDa, 0| (Undaria pinnatifidadlN FEE HE
51.7 kDaOl| ZotCH(Fitton et al, 2015). Fucoidan®| EXtZ0f| 2
HRE MHEM £H7|2(4 nodosum) G2l fucoidane| EXH2
2 500 kDa O|4f9| gAZ, 1 XAHMZE MU 80 R7|
20l MEXt2FSt0] of2|2 Mg SAIZ = UTh= 27t
OM(Alain et al, 1996), CtA|OKLaminaria japonica) 2l M&2Xt
fucoidanO| gitst 8! &30 250 ULk 17t QUCHWang
et al, 2010). J2{L} SO|Z2 AMME 2XI20| 712 kDall| H3l=
NER(C okamuranus, U. pinnatifida) T2l fucoidan2| &% 0|F,
At2tol HXut ARO|M AXHoZ PAL|RAC= Z0|CHirhimeh
et al, 2005; Tokita et al, 2010). Ol A&t L§O| AHYZZOM =
fucoidanO| EoliZ|X| %1 EW £o= SE|H HIE ARO[
Lt BiZ ZIFo| AHO|ME fucoidanl +EE {8t UL

NS ofofetrt. kM BHEA] X2l fucoidanBto] HY B It7}

o
UCH= A2 OtL 2= g 2l0fot7| 20, AARF2Y fuccidan

=t
v
Ju
Ho
)
-
c

(&)

o

2.
Q

35

Io
<2
Ju
o
1=
r=
0ot
o
Ho
k>

HzAel 7ts-dof et u& 5

o $M8 ZT WA EE HASYTZAC 018 TH542 3
Moz HEY 4 US oIt

3. MMM fucoidan®| AME

2 4 QIS0|, Bt 53, BSOIN PG Bt U Y XY
42 FIHAZIE AR HIRAMO J150) st B a0t e
o|c

28 =% d& 01T & 2E HAO mef fucoidanl| F&

SIACLL MY sE0M AR =8 HIt Al HYE
M=ol thot M S71E ERACh Fucoidan?l
MZ L MoPH 40 Tt M 532 F2 free-radical HA
=3, X[Z 1t 2Hlipid peroxidation), SOD (super oxide dismutase)
Sl CAT (catalase) Z2 &HAtSHanti-oxidant) EAE SO Z M
EAMSHACE SOD= CATRF BH7H MIZ LA L=l 242 ROS,
reactive oxygen species)0fl CHet X HHR 2ojHd 2 2 M, superoxide
9t hydrogen peroxideE MA5t0| MEZE E25t= dgs ot
(Hayes and McLellan, 1999).

Fucoidan®| HYEZZ ZIt= interleukin (IL)-12} interferon-c
o 448 F=5t1 T-lymphocyte, B-cell, macrophage % &
4 UAEMEE i £ e MAYBMENK cells)2| 7|
ol 7| 2ISCHMaruyama et al, 2006). O{FOIA fucoidan?l
T4 Ot HESH AF0M s, BARL} lysozyme?| B,
MIZ(phagocytes)2| 2 &% Y (respiratory burst activity), =%}
(phagocytosis) 12|11, Mzt & HHO|Z{ A0 CHSH XMatd S7tof
M2 HALE Z4 52 E05HA AR 7N & HYEXK|
2M0| 7t S HI7I5tRICHPrabu et al, 2016). 4272 M
A Yo A0, HIASZH E= Atz HIMHZMO| fucoidan?l
tsdol st HE= off ARTEO QoM TAE HE ATt
(mmanuel et al, 2012; Madasamy et al, 2014). {2 AFZ0]| fucoi-
dan E7} A, g7t phenoloxidase (PO), SOD 52| $7t2 QI
ot HAZYO| 2NN O E HME|YCH, £ WSSV (white spot
syndrome virus) &HFO|2A =do)| CHet 27t F=E O|&Ct
(Takahashi et al, 1998; Chotigeat et al., 2004; Cruz-Suarez et al, 2007;
Immanuel et al, 2010, 2012). O|&0|M & = AZO| fucoidanO
CHoHAM =4t 2OF0il M= OFEIIIX| 7|5 AL=O| CHet HEDH Of

FORE & adwantz2Me| 759 @7 OIge dHOICh

>

18 o
oo 1> r@ o% rio

4. Adjuvant2A{2| fucoidan?| 7}

4

-
[¢]

0|40l adjuvante TS BMEOZ HAHSII| ek
HE FAZOj0F 50, M S MEY oj7f HYEtZ S

A7, ZE2 K2 droldo|H AT EE EEE[0{0F
(Aguilar and Rodrigues, 2007; Dubensky and Reed, 2010). O|&

M fucoidan2 YUt adjuvant TEHEHO|Zt & 4= S,

Bt opy oot mi
=2 11 oxre
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Table 2. Comparison effects of fucoidan from various brown algae in fisheries

Brown algae Animals Effects References
. Anti-inflammatory effect
Ecklonia cava Zebra fish (ROS scavenging activity, Protection of lipid peroxidation) Lee et al. (2013)
Free radical & intracellular reactive oxygen species (ROS)
Ecklonia cava Zebra fish scavenging activity, Protection of lipid peroxidation & Kim et al. 2014)
cell death
Enhance the non-specific immune response (macrophage
. o African oxidative burst & phagocytic activity, lymphocyte )
Clarias gariepinus catfish transformation, lysozyme), Enhance disease resistance El-Boshy et al. (2014)
(Aeromonas hydrophila)
Stimulate cellular immune response (respiratory burst,
Gaadus morhua Cod myeloperoxidase activity), Enhance disease resistance Caipang et al. (2011)
(Vibrio anguillarum, Aeromonas salmonicida)
Enhance the innate immune response (THC, prophenoloxidase,
Gracilaria tenuistipitata Shrimp respiratory burst & phagocytic activity), Enhance disease Kitikiew et al. (2013)
resistance (Vibrio alginolyticus)
. , L Enhance the non-specific immune response (phagocytic
Kellmanielia crassifolla Carp activity, NK cell, lymphocyte, lysozyme), Protection of lipid Kakuta (2004)
s ) . _— Innate immune parameters increase (phagocytic activity,
argassum cristaefolium  Tilapia Isnansetyo et al. (2016)
leucocyte count)
Vellow Enhance the non-specific immune response (lysozyme,
Saccharina japonica catfish respiratory burst, phagocytosis), Blood characters, Yang et al. (2014)
antioxidant-status (SOD, CAT, MDA)
Sargassum polycystum Shrimp Enhance disease resistance (WSSV) Chotigeat et al. (2004)
Enhance the innate immune response (THC, prophenoloxidase,
Sargassum wightii Shrimp respiratory burst, SOD & phagocytic activity), Enhance disease Immanuel et al. (2012)
resistance (WSSV)
Enhance the innate immune response (THC, prophenoloxidase, Sivagnanavelmurugan
Sargassum wightii Shrimp respiratory burst, SOD & phagocytic activity), Enhance disease 9 9
! o ) et al. 2014)
resistance (Vibrio parahaemolyticus)
Sutchi Enhance the non-specific immune response (respiratory burst,
Sargassum wightii . phagocytosis, leukocyte count, lysozyme, Interferon gamma), Prabu et al. (2016)
catfish ; : X
Enhance disease resistance (Aeromonas hydrophila)
Labeo Non-specific immune response (respiratory burst, lysozyme,
Sargassum wightii . phagocytosis), Enhance disease resistance Mir et al. (2017)
rohita ;
(Aeromonas hydrophila)
Undaria pinnatifida Shrimp Enhance disease resistance (Vibrio harvey Traifalgar et al. (2009)
Undaria pinnatifida Barramundi Enhance growth & muscle fibre Tuller et al. (2012)

oo CHst AR} tHEAH 71t UCKKuznetsova et al, 2016).
Fucoidane CHA M| Z(macrophages)2| Al 2Hd(phagocytosis) & X QACHAle et al, 2011; Hayashi et al,
7t REAASHMIZ(NK cells)2| &d £TIC2 FEH cytokines?

MEE E3t eHto|2A ZHE1t CD4, CD8 T-cellofl 2%t interferon

rot
Hi
=2
02
0=
0B
H

=
>
o

Kim and Joo, 2008). =3, & 0|8%t
0 £X|A MZ(dendritic cells)2| A=,

MAS E5H0 cytotoxic T-cellS 3 & &80| AS0| Lz

2008; Irhimeh et al, 2007;
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