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WAl adjuvant2A4] fucoidan?

in vitro ¥ in vivo 23

& A AHE odsked oA W Fedt 9E8E @idsh adjuvants
Fol=d Aoty WS adjuvant=°] JiEEoO] AN £4, <F
A, AA U A9 gd Sold #w2 oFd= 7ML Stk Fucoidans ZXFE5-
=49 sulfated polysaccharide@2A TSt WA Lo WA= ayE 714
3Ltk B Qo= fucoidan®] WAl adjuvant®A] E37F QEH] dotr 7] ¢
A in vivo TLRAFE 3 FEALH in vitroolX FAAEL fucoidans A
gt 71 axnsE dotrogrt JAFE vk~ dHA ovalbumin 5olA <l
immunoglobulin(Ig) G, 1gG1, 1gG2a2] &A|717F ol o, HEn9-~2 v A
o= AES proliferation® IgG A S7H7F YERg ®ESE B A Q)
interleukin(IL) —4 ¢} interferon—y AAFo] #HAA et fucoidane] T
helper 13 T helper 2 WYHESE BF doZ & QSS Ao, 18
fucoidang FAFA L]  Hsils o

ZS|
histocompatibility complexII 2} CD862 %3lo] Z7lE o™ [L-1292 tumor
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Abstract

In vitro and Iin vivo efficacy of

fucoidan as a vaccine adjuvant

Supervised by professor Hong—Gu Joo
Eun—Ju Ko

College of Veterinary Medicine,
Graduate school,

Jeju National University

Vaccines play very important roles in protecting hosts from infectious
disease and adjuvants are essential to increase the potency of vaccines.
Although many adjuvants have developed for last 70 years, they have
many weaknesses such as toxicity, poor stability and bioavailability.
Fucoidan is a sulfated polysaccharide derived from brown algae and has
immunostimulatory properties in various immune cells. In this study, we
performed in vivo antigen(Ag)—specific immunization using mice and in

vitro experiments using dendritic cells(DCs) to investigate whether
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fucoidan can be used as a vaccine adjuvant. Ovalbumin(OVA) was used as
the standard antigen for this experiment. The levels of OVA-—-specific
immunoglobulin(Ig)G, IgGl and IgG2a in immunized mice sera were
dramatically enhanced by fucoidan. And the cell proliferation rate and
OVA—specific IgG production of splenocytes of immunized mice were also
increased by fucoidan. The production of interferon—y and interleukin—4,
representative cytokines for T helper (Th)l and Th2, of immunized
splenocytes was increased by fucoidan with or without alum. This results
indicate that fucoidan can upregulate both Thl and ThZ immune responses.
In vitro experiments demonstrated that fucoidan effectively increased the
expression of surface markers for maturation and cytokine production of
DCs. It is thus suggested based on these data that fucoidan can be an
effective vaccine adjuvant to induce Thl and ThZ immune responses and

stimulate DCs.

Keywords: fucoidan, adjuvant, vaccine, Thl and Th2 immune responses
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Atk [19]. webA 7]1E adjuvant®] @2 =5 5 U= A2 adjuvant 7H
s fet B2 AU o] FolA o FHIT FE B Sle Ao HAEH
A Gt adjuvant® WRkolt}. Quillaja saponaria®l AANA FEH AFEY
J&Eol Quil A WY9AFA B4 (immunostimulatory complexes) & T4 s}
+ AFSE AMEEH® Thl WHRtEd Ax=4d T HZFE SAAIANA
subunit A & X5E FIWA] adjuvant= A3t [24]. AT HF
219 o]d7t e JolF iy ARl 835 doqtes FARES 7HA
I Tk [8, 10, 11, 28]. Actinidia eriantha®) 21 [26], Codonopsis
pilosula®] 2] [27] 5 g 2 EANA FEH +84 polysaccharideol| tfdt
ATolM AEAAHAI ANgHS, T2jal Thlat Th2 HHbgs EF &

e foh [22]. sHAIT A=l
polysaccharideo] Hls§ & o= FalFolar thFPito] 7hsdh sizw

polysaccharide®] adjuvant &¥}el tfst A= wi-$ v]S3c}.

o] 29 adjuvantEM 7FsAlo] 9= Aol

= & =23
Wl Edolth 1 Rk ofy el B [13], A A [29], AFAARERA
Xz oF - thekst Ao tha] A xAV]s& 7HA
Qe Aog Ad#HA th Fucoidand BIFA| X 2Hg35le] MIAEES F
AoAkg A S FXAIT. A A EM = fucoidano]  HFA
cytokine®! tumor necrosis factor (TNF)— @ ¢} interleukin(IL)—1 A
SA7I™ A AR Al

T AE ANEEA 7)5S ZA7)E Ao| whe AT, wi
TAFAEL] Al wolsto] FAAN TS 2T WA THE TR
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kA 2 AT A= ovalbumin(OVA) & X
%3l fucoidan®©] Al adjuvant®A 37} U= A& SAdtar, 1 ApAgH =+
7174 AFE g8 tEA A FHAA ML FHAFA Ef| the fucoidan] &
W5 dolr gkt
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7-12 ¥% 9] Balb/ce} C57BL/6 HF--25 AHESIGIH. s=4d2

AFdstn sEddae] el dse s wol Algyglon AFdstny =4
A HAe FF83At. OVA, Fucus vesiculosusol< 213t fucoidan¥}t

— [4,5—dimethylthiazol—2—yl] —2,5—diphenyltetrazolium bromide MTT) &
B SigmaAlell A #9038k & sterile phosphate—buffered saline (PBS) o] 0]
AFEatgl o1 Imject®Alum (alum) S ThermoscientificAtell A -9l ato] AFg-5}

e,

In vivo immunization experiments

7olA 12589 whe A Tl lS) AFE(le B ow o] ARE AWt
Aok 4 1= PBS, OVA(20 pg), OVA + alum(1.6 mg), OVA +
fucoidan (100 mg/kg), OVA + alum + fucoidane EHWHEZF s S alum
°] OVAE &% + SEF HF 4 30

2 v
WECLS2 DY} WGALE ARt BFS Ao

7

Y

M
N,
]
}5-“
>
N
N,
o

Az FH 2w

A= CH7BL/6 vh-20 diE s AFuelA  dojdl § A4HEe
ammonium chloride potassium lysis bufferE o|&3lo] ZFAX o A4
= £8AA AAsET. o] FFAES 10 ng/mle] mouse granulocyte
macrophage—colony stimulating factorg *]2]slal 2¥Yvit} wix| & Zol+m
6—10YU 3t wiFato] FAGAELE Do Aol AFESIATE wjFdt FAGAE

2 34sto] 5x10° cells/mZ 96—well = 6—well culture platese] Y1

o

Ot
Lo

OVA 1 pg/ml, alum 500 pg/ml, fucoidan 50 pg/méS 23t & 24 7+ vjk

3 BA sk

Collection @ jeju



HAE vhe20 BRAEE F08 § wokshs Ad2 olv ¥ el wet
AA et [9]. zheRs] Adwehd, wheAo wAS woju EEF oz FAA
AEXE Aa, AI+E AASKNY. 1 §F 5% fetal bovine serum(FBS) ¥}
L—glutamine, penicillin/streptomycin®| 3 7}¥ RPMI1640 viA| o] AEE =
o] T75 Zekize] JQal IAIZFERE viefato] thAl A} e FRAE7E Zet
249 mpge] BAHESR sQlth o] & W Sl AEE 35t F 40 m cell
strainer = A3 zZ 55 A&l 10% FBS®  L—glutamine,
penicillin/streptomycin, sodium pyruvate, non—essential amino acids,
2—mercaptoethanole] A7}¥ RPMI1640 HiAZS o]&3] 96—well culture
plated] 4x10° cells/200u/wellZ B ZAEE Y 3 OVA 1 ug/mlES X235
Av AeglskA] ka4 7 wigksto] EAAAS HAAEGlTh Be AlEZaeF A

2EE 37T, CO28 5+ 5%8 FASES 33

OVA 5ol gA 79 54

AFsd w29 I3y AEsjeFd e OVA-specific immunoglobulin(Ig)G,
IgGl, 1gG2a &2 Enzyme—Linked Immunosolbent Assay (ELISA)E o] &
sto]  FH3ST. OVAE 25 pg/mlo] %% carbonate—bicarbonate
buffer (pH 9.6)°ll &4 A|#A Microtiter plates wells(NUNCAP o] do] 4T
A FZ”YAFAT 1§ 5% FBSE X378 PBSE 7 wellell Wo] 37TCeA] 24]
7HE<k vjokslo] blockingdh$ith. PBST(PBS containing 0.05% Tween20) %
AHS T 0.5% FBSE 233 PBSE 3|HAIZ A3 MEujtd s well T
100 we® @i 37TCelA 2A1zF FF wieketgltt. thA] PBSTE AlF st &
horseradish peroxidase—labeled goat anti—mouse IgG, IgGl and IgG2a%
0.5% FBSE x3tst PBSell 8000H] 3| AAIA welld 100 pb# Wil Ao A
303 RESAIF Y. AFEA o tetramethyl benzidine§ 98 7 wellol
100 w2 Yo ofF oA 303 HAA7|I stop solution®ZE enzyme
reactione FT©@AZ1 % microplate reader (Molecular devicesAhH) 2 405 nm

AN FFEE S
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ELISAE o] &3t cytokined 7%

A3 npe29 vAAEE ZF FHE 96—well culture platese] ¥ &

OVA 1 pg/ml= At AelehA] ki 4 3+ wjeksivy. 1 5 Alxaje

oS HAoJuA IL—49 interferon—gamma(IFN—y)2 AAEES  ELISA

kit (InvitrogenAh) & o]&3a] SA3FA . X4 Eo] OVA 1 pg/ml, alum 500

ug/ml, fucoidan 50 wg/mle A 2ldte] 2 ZF wioFst & A EujoFN S 7o
= ]

IL—12% TNF— @ ¢ AArEFS ELISA kit(InvitrogenAlh) 2 o] &3 =4 &9 th.

HAA LY AEFHE SF
AFut-2A9 HAAMEE st & MTT assays AAISHATE HlFsE AlEZo
MTT (10 mg/ml) &S 7} 10 WA H2lste] 4A7F F<2F 37 TCeflA] nlek

3t & 10% sodium dodecyl sulfate NS well & 100 WX Yol 2A]7F=E<h

g

==

|
N
N
=
L
e

37ColA wiekstadtt. 17 & microplate reader (Molecular devicesAlh) =& o]&

a TS (570 — 650 nmm) S =AY}

FAZEA

OVA, alum, fucoidan®} &7 wfs FAAAMEE 3535t 5% FBSC 0.1%
sodium azide”7} 323¥ PBSE A|# 3% % anti—mouse CD16/32(Fc blocker)
£ A 2]3}o] Fc receptorE blockingdt$ith. 71 & biotin—labeled anti—major
histocompatibility complex (MHC) I &} anti—CD86 monoclonal antibodyZ 1
2 A2 A sta, 2% SAE fluorescein isothiocyanate (FITC) —labeled
streptavidin(BD BiosciencesAh) <= A 2]dFil 1% paraformadehyde® 117 A|
Atk 9A¥ AEE FACSCalibur™ 2 CellQuest™ (BecktonDickinson,
Franklin Lakes, NJ)& ©]§3dlo] FAZ&AS AAl83T

B
FER

Jo
1o

R2E data® H¢ = ZFHAAE YJERY Y S Instat software (Graphpad, San
Diego, CA)E o]&3}9] student t testE =3 EA3Ath 0.057%] p

valueE H240] UTka WABROT #, wx, wexi= 27} control1E 7 1] a}
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. a3

nh9-2 G3olA OVA 5o]AQl IgG, 1gGl, 1gG2a FA7F 573

OVA o]zl A2 BAS dolr”] 98] ELISAE AAsktt. HErH2
ol e HE 27 Fol AMAste] 10W) Al g4 & FFE=7F 0.10] H+=
4% v55 ot LdZE Jehlsit(Fig. 1). Total 1gGe 7% OVA +
alum, OVA + fucoidan, OVA + alum + fucoidan EFolA &2 IA7IE
YetgIgl oy OVA @5 HAFAldE AI7H7F adjuvantet 4 Q53 1&
Hlsl oF 108 WA yrebstvh(Fig. 1A). 1gG18] 49X total IgGs} mhab7bA =
OVA + alum, OVA + fucoidan, OVA + alum + fucoidanv-olA EF H|S
A Ee EAVIE el oYU (Fig. 1B), [gG2at fucoidans HE3F ol A
OVA &% Fi= OVA + alumTX2T ¢ 2 dA7HE Yebdigleh (Fig. 10).
T3 OVA + fucoidan Xt} OVA + alum + fucoidan oA Asadz
IgG2a2 FA7PF 0% 574 e

A 1000000~

—_—
5 100000- —y $ g
*
=, 10000 - —
2 1
Tp 1000
£ 100 A
=
o 10
78]
0 ; T T T 1

Control OVA OVA OVA OVA
+Alnm +Fued +Alum
+Fucd
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Fig. 1. The level of IgG(A), 1gG1(B), and IgG2a(C) in immunized mice
sera. Mice were injected with OVA, alum and/or fucoidan
intraperitoneally. The sera were collected 2 weeks after the

immunization and then analyzed.

Collection @ jeju



In vitro OVA A= & HAE nHZAEY £958 5%

OVAel tigt vgAELe] 71958 S dotrr] sl "AErkF2e v ZAEE A
FH3slol in vitroolXl OVAE A 3AY AHshA &S W proliferation=
MTT assay® ©]&38t9 4330tk (Fig. 2). OVAE A shA] &3S wof+=
BE 18 HZAMEZE proliferatione YEFU A $3ko v OVAE AEsldls 7
S in vivoold ==%HW OVAe] uW$k antigen memory recallel] 23}
proliferation®] YWEFstth. o] w] OVA + alum, OVA + fucoidan, OVA +
alum + fucoidan TolA EF A 3= =2 proliferation®] WEFO L 9]

= OVA + fucoidan 9| proliferation®] 7F& =4 vtepstct.

Ono OVA
no A dokk

0.4 - B OVA stimulation e
0.3 1

0.2 1

0.1 1

O.D. at 570-650 nm

0 T T T T
Control OVA OvVA OvVA OVA

+Alum +Fucd +Alum
+Fucd

Fig. 2. Splenocytes proliferation by i vitro OVA stimulation.
Splenocytes from immunized mice were seeded at 4 x 10° cells/ml in
96—well culture plates and cultured with or without OVA 1 pg/ml. 4 days
later, MTT assay was performed. All values are represented as mean =

SD. ##x indicates p < 0.001 compared to control.
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In vitro OVA A=of 23t A v|ZA XS IgG AL

Fig. 29} o] v ZAAXEE wjokst T AEuEN total [gG levelS ELISAH
= o83t Aoty FHEE eIt (Fig. 3). OVARS<S oF#] &2 74
o= OVA + fucoidanwollAe] IgG Aol 7H #A deson OVA
1S Aox OVA + fucoidaniollA] IgG AgAto] B2 =7}

o
=
He As Stk

0

O

stimulation<

—

0.5 -
Onoe OVA e
0.4 B OVA stimulation
£
=
L 08y
T ®
!
= 0.2
=
C 0.1
LT i il NN B

Control OVA OVA OVA OVA
+Alum +Fued +Alum
+Fucd

Fig. 3. I1gG production of immunized splenocytes upon OVA stimulation.
Splenocytes were setup in 96—well culture plates and treated with OVA
as described Fig. 2. All values are represented as mean = SD. *, #xkx

indicate p < 0.05, 0.001 respectively compared with control group.
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OVA A=of 93t A d u]AM X9 cytokine At

Thl® Th2 WHiuk$9 Srotr 7] Qs BIZAE wjekele] IFN-y 9}
IL—4 AAr#ES ELISAZ o] g3 =daty a#=% ebddeh(Fig. 4). IFN—
v+ Thl, IL—4= Th2 "R YEl= %2 Ql cytokine®]th. IFN— 7y
(A) s} IL-4(B) EF OVA #A=o] flS Afoles BE TollA AitE A gre
Y in vitro OVA A= A] OVA + alum, OVA + fucoidan, OVA + alum +
fucoidan 2] BIZA|ZAA Aate] FUkEE Ze F1 & F glom o] o
OVA + fucoidan®llA] %+ 7}A] cytokine AJAko] =7 vEl}A Thly} Th2 4

o]
g

of
ogk
o

ftlo

Ae & & Ak

B2F m=AIe A= ¢ T 3

rlr

#
#
A 1400 :

Ono OVA

1200 m 0 VA stimulation|
Hek

0 b T T T
Control OVA OVvA OoVA OVA

+Alum +Fued +Alum
+Fucd
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Ono OVA
ok
60 - B OVA stimulation
= 50
=
B 40
==
-
-+ 301
1
:ﬂ 20
10 1
n.d. n.d. n.d. n.d. n.d.
Control OVA OVA OVA
+Alum +Fucd +Alum

+Fucd

Fig. 4. IFN—7y (A) and IL-4(B) production of immunized splenocytes.
Splenocytes were setup in 96—well culture plates and treated OVA as
described Fig. 2. All values are represented as mean E£SD. *, #% %%
indicate p < 0.05, 0.01, 0.001 respectively compared with control group

and # indicates p < 0.05 compared with OVA group.
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FAZAES] WA AE BHAA T W
koA SFAEERE wjgE FAGAIE OVA, alum, fucoidans 2] sho]
2 7 Wi | AZE I WAgFdNs AR F fAZEHE S

T} (Fig. 5). Histogram® M1<& MHCI ¢} CD86 n®dAMZE Jehur =

Ml &ah= A2 v&S Yehdth. OVAd 28] MHCI ¢ CD862] wElo]
nE F7kER e 1 7 A%+ OVA + fucoidan Told 7H8 ¥4 Jeby:
o}, ¥bH OVA + alum + fucoidant 23|38 °FF TAshs AdFS YERA
=
Control OVA OVA+Alum OVA+Fucd OVA+Alum+Fucd
& 2 a8 2 2
~ 31 13%| ; 18%)| = 24%| -1 29%| 1 22%
— i i
O s8] ) 22 v (F | 282 | sl T
= s 32 i 395 584
37: o & L i | ow
S 8 & & 24 24
o o o ad =3
109 10! 102 107 10® w0 10! 0% 10?10t e® 10! 10f 0% w0t 0P 0! 10? 10® 1ot 10 0l 10f 40 a0t
FL1-H FL1-H FL1-H FL1-H FL1-H
: g ¥ T 2
S 7% | 2 15% | = 26% | & 29% | 24 24%
- 2 -
% 2% | 22 =l 28 | 22 | ee] |
2 3 5
L & 8 & GE
(=] (=] (=] o (=]
109 10 107 10?10t 10® 10 107 0% 10t 1% 10! 102 10? 10t 109 10! 10 10® w0 10® 10! 10f 10 10f
FL1H FL1-H FL1-H FL1-H FL1-H

Fig. 5. Upregulated expression of immune related—surface markers on
DCs treated with fucoidan. DCs were seeded 5x10° cells/ml in 6—well
culture plates and cultured for 2 days with OVA, alum and fucoidan. And
then the treated DCs were stained with antibodies specific for MHCII
and CD86 and analyzed using by flow cytometry. The number of
histograms indicates the percentages of high expressed cells. The

representative data of three separate experiments were presented.
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FARAAAAMES cytokine AAF

TASAMES] cytokine BAF WgE YolrR 7] 93] ELISAMS o] &3to] +44
M wfFete] IL-129F TNF— e & Ai#s 545l th(Fig. 6). IL-12(A) &}
TNF—a (B) EF fucoidan A#golA S7FEA+=d], o] o OVA + alum +
fucoidanv*®.t} OVA + fucoidani oA cytokine AJAko] ¢ ¥& 7S 5HQ)

& 4 gl

[ (oo L]
(=] th =
1 1 1

IL-12 (ng/ml)
s 3

N
1

r,

0 _ emim | ; :
Control OVA OVA OVA OVA
+Alum +Fucd +Alum

+Fued

100 4
> e W

Control OVA OVA OVA OVA
+Alum +Fucd +Alum
+Fued

Fig. 6. The increased production of IL—12(A) and TNF—-« (B) from
DCs. DCs were setup and treated as described in Fig. 5. All values are

represented as mean = SD. #x* indicates p < 0.001 compared with

control group.
—_ 14 —
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HAA7A] HEE adjuvantsE HEE 3SEA e HAAUAE fHE 54
ok
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FYA, W A2 M@ gk, webs S4o] vob A

B
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>

="

bt

g 7F glom EFAQI MANtgS #FUAl 4o T Q= adjuvant?] o]
sttt webA] fucoidans HA=EH FHlE FA o] oA E HAFX a3
7 AvE Aol & Zds 7HA
Zb=th.
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OVAE EFgdo =z o]g3l fucoidane ©5 T+ alumy A vhe-2e] A
Z3}9th. Fucoidan BE79] o)A 1eG7te] Z7}= fucoidane] AW B
cell activations F7HT= A& gvldtt. &%, OVA—-immunized mice?
Ao s gaor 7L F v AS YEbdY 38 1gG1e] A
7Fe 2 WH3bE sl oy 1eG2a8] A% fucoidan Aol =717 YERS

o]+ fucoidan®] IgG isotype?] W3lel ¥ & F Uw= YERY o w
2} Thl WeRkg2 Th2 Wowg3 3 dod & Qv 2= HolEh

Thl W8-S A¥xuj7id WS AO7 intracellular pathogen?l wpo]# A
U 54 drelgotel] tid sFRSAES vk 183 Thl HYREES [FN-
7 9 IgG2a Aol kA o =® vepdtt. 1o H|g] ThZ WAREES B celld
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proliferation?} differentiations &3l A|BA] WIS ZHsy tfF-E2] v g
ool st YA RS HES she ASE dujA o IL-4%F 1gGl Aito] f
?l 54o% yehdt} [26]. Fucoidan® Thl¥ Th2 @ouk-go tigh &
dolr 7] 9st AFS 2&WsFe fucoidan®] I1gGl 7+ ok} 1gG2a2] A

S7HA71H, IL-48} IFN— 7y & #% A Aitste AMES I8
, fucoidane Thl¥} Th2 WHIHISS BF Ao AAdAAT A Zaji4

oo] 4 YAl AoEE wrt

> B
[ 1 >

o

BN

Fucoidan® Ao dist 35 2olw7] 9&l in vivo AFE®E olyz}t in

vitro A8 AWFA o W AXZE FHE FAANANALL FAGAEE
Aestdd FAGALE FA2 Aese] @xe] FAYALlS ol o

n B A, FAGAEY s FEs HoAsS doxita deA v
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