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ABSTRACT

Fucoidan is a sulfated polysaccharide purified from brown algae including
Fucus vesiculosus and has a variety of biological effects including
mobilization of hematopoietic progenitor cells. Recent study demonstrated
that fucoidan stimulates the antigen—presenting functions of dendritic cells.
This study investigated the radioprotective effects of fucoidan on bone
marrow cells (BMCs), which are the main cellular reservoir for the
hematopoietic and immune system. To evaluate the effects of fucoidan, cell
viability assays and immune responses were used. In a viability assay,
fucoidan significantly increased the viability of BMCs. Based on the results of
flow cytometric analysis, the increased viability of fucoidan-treated BMCs
was attributed to the inhibition of radiation—induced apoptosis. Furthermore,
fucoidan altered the production of immune-related cytokines from BMCs and
increased the capability of BMCs to induce proliferation of allogeneic
splenocytes. Taken together, this study demonstrated that fucoidan has
radioprotective effects on BMCs with respect to cell wviability and
immunoreactivity. These results may provide valuable information, useful in

the field of radiotherapy.

Key words; fucoidan, radioprotection, bone marrow cells, immunoreactivity
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1. AFFETH A

C57BL/69} Balb/C wh$-2% Orient BIO (Seongnam, Korea)AlollA 913k %
AALANA ARFEIT. 7~12 FRo] AR E ARRSEIAL BRE TEAdES
At =249 75l met s (¥ 20070005). Fucoidan<
SigmaA}l (St. Louis, MO, USA)elA F4ste] QA4S (Invitrogen, Carlsbad,
CA, USA)°l 5o ALE-3F3A T} Fucoidan &<4¢] endotoxin 4+ manufacturer’s
protocole] ®WZ} QCL-1000° Chromogenic LAL endpoint assay (Lonza
Walkersville, Inc., Walkersville, MD, USA)E o]&3& =433 0.1 EU/ml

o) s Aet,

S
ﬂll“J

FAZ EH9 AZAESE A

AE= C57BL/6 vH-2E <A A7 5 4% diEE3 4

A
=

i

2]

Hank’s balanced salt solution (HBSS, Sigma)®o. & A& 3sle] A, 1 F

+
il

o
HE
L
o

ammonium chloride-potassium carbonate (ACK) lysis bufferS AF&3ajA]
=dEodE AdTE &ENFH. =FAHEE st s 5% fetal bovine
serum (FBS), 2 mM L-glutamine, 100 U/ml penicillin/streptomycin®] X%
RPMI-1640 ®l#A] (E5F Invitrogen)E A3t F5AEE 6-well plateol

A kel WPARA AL Aol fucoidanoZ A 2] giT).

WAL ZAE 1 GyE 13] “°Co gamma-ray source (MDS Nordion C-188

standard source)E ©]-&3lc] ATt AR -G sFA G40 A Z2AFSFS T



4. Interleukin-12 (IL-12)¢} tumor necrosis factor—alpha (TNF-alpha)e] A&

AEiAR S AR EGe] EA] Aol ETRRIQL IL-129F TNF-alpha]

AL A TFALY AF0] AgHAL. e solEstele] FFe

0O

CytoSet™ antibody pairs (Biosource International, Camarillo, CA, USA)Z

manufacturer’s manual®] A4 enzyme-linked immunosorbent assay

(ELISA)E o] g&] =Astr)

5. Flow cytometric analysis

i

TAE+= 5% FBS, 0.1% sodium azide’} ¥3% HBSS? FACS staining

s
e
oo

solution® 2 A&t} ZF AANES $o wash bufferE AM&35te] AELE 23]
A A5k avidin-FITCE o] &3te] AExmwe] LHHE markers At 14
A& A biotin—labeled anti-Gr-1, anti-I-A> (MHCID), anti-CD86 (B7.2)
GF 23S AL83) 31, streptavidin—fluorescein isothiocyanate (FITC)S 2x}3}A|
(BD Biosciences, San Jose, CA, USA)Z AE-Jth AEAIEC] ¥ A2
H &S =4317] Yéll manufacturer’'s manual®] W2} annexin V-FITC/propidium
iodide (PI) kit (Biosource Internationa)& ©°]&3lA AM>xE A2

nEF=glole] 7|5S &2lslr] 98] AlEE 10 pg/ml rhodamine 123 (Sigma)<

Yo wjekA AT, AAE 2E A ¥ FACS Calibur®2t CellQuest® (Beckton

olfy

Dickinson, Franklin Lakes, NJ, USA)S Al&&|A A3t}

6. Mixed lymphocyte reaction (MLR)

C57BL/6 w24 AL ZFAHEE 6-well culture plated] ZH2} tixa+3

fucoidan® &)+, WAMA I Z+, WA -fucoidan#] 8+ WS 2A17F Zo
WAL -E-2] v plate™ 1Gy=E A & CO, vl 7)o YATh HIHAELE A7)



23] Balb/C vl$2=9 BH|AS oo AHEE F=3 T fIdZE AYJFE
AN AEFATCE. 5% heat—inactivated FBS7F ¥3t¥l RPMI-1640 wjA]o] 1A%k
HjFsto] BIGA|Zol| EAlshs FAAELE AAS S HEZG7F x3EH BRAELE

2x10° cells/welld] %2 96-well culture plateo] ¥ & wjaict Hd o=

it

FMEE scrapingd] 343 3 15ml conical tubeo] ¥ 5 GA R3St
o] & AFNS WY F 10% lymphocyte complete medium (LCM)S YoiA
AZAEES F5A8S AL co-cultured| A stimulator® AF&38}7] Sl A 2 g

AEE AP ZAREFATE 2x10° cells/welld] FEZ @HES U A E
WAL Z2ALE E5HEE €o] co-culturedtlth. 5Y A & wpx|qk 1823 &<t
*H-thymidineg 1 uCi/well 352 ¥ & A x| 3% radioactivityS liquid

scintillation counter (Wallac Microbeta TriLux; PerkinElmer, USA)® =43} ¢}

7. Western blot analysis

24 Ao EAlEE o8-8 western blot ©4& fldl] AlxdHds A
MEE lysis bufferE o] g3t &3§4)7] 5 Bradford S o] &3t @ld s
ARt 12% gels WEol ARSI 7 laned] FUI dol dHAS
loadingsle] #A7]GdES  AASAT. Geld = @WAL nitrocellulose
membrane©l] blottingd}$l o™ 12} A2 anti-Bel-2, Bel-xL, Bax antibody
(Santa Cruz Biotechnology, Santa Cruz, CA, USA), anti-cIAP-1, cIAP-2
antibody (Millipore, Billerica, MA, USA), anti-B-actin antibody (Sigma)E
Abgsl . dAEAE Q14E 4 9lal horseradish peroxidase’t A
o] z}atA] ¢} ECL reagent?! SuperSignal West Pico Chemiluminescent Substrate

(Pierce Biotechnology, USA)E g & AFge] EA w2 o] handES &2l&t9it}.
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folg Aow AHHYL.



m 2 3

1. Fucoidandll 93t M E AEE F7T

=TAE AEE] oA fucoidan®] GFE FAMSH] fElA EFAlEd
fucoidans A& wlddct Fig. 1. AEE wlgd & CCK-8 solutions
HaiA welld 0.D.#S SABIT. FAMIES ZASHAISL fucoidan¥-& A2 g

45 2-50 pg/mle] sEolA WARA S ARG A9 10-50pg/mle]  F = A

Aol EZRRL Qlo] Ald¥ dlelA  widsith. wEbA A delA =R
MolEFRQIO] flojX A AAAR] AMEANETRA ] YERYA Ho FZFAHE]
AEES ZolEA & oz HRlt. 2 AdZAHA HQl fucoidan®] AEE
S7tEdE AFAQ g AolEFRRISY At WA AR o5 FRH
AFAPEIAF © ZHE  fucoidan®] JIFAEE HIske= &7 de o=

FA

2. Fucoidan A7} BAMY ZAME SFAIXY] AZAES A

WARY AR Ao S0  fucoidano]l ol® &IIF = A T
3+olsl 7] 98l annexin V-FITC/propidium iodide (PI) M3} A|ET7]E 7|02
St ¥4 rhodaminel23& o] 83k GA& o] &3t} (Fig. 2). Annexin V-FITC/PI
Ao A (Fig. 2A), fucoidane 4Aro}eli= A|XE (Annexin V-FITC negative/PI
negative)® & TR 53] WAl AR AlEe] B9 16% AEES

B0 fucoidan 2] & 1 AEEo] 62%=2 7t} olo] Y3l fucoidan<



MEZAE =719 AlE  (annexin V-FITC positive/Pl positive)9] B &S

FAaANRBY, AXETVE 7|Fo 2 3 B % (Fig. 2B), fucoidane 34 A A

3

Ze AL WEe FRAZRL Folgls Mz F7b F7hE glel wEHC
Ao wmEZSHols ALY AbEzgel Ul FaE %L st Aow

or## 9t} Rhodaminel23e W EF=glole] mrzels =43 22 9=
H

AAE FJEAHL (Fig. 20). ol¥s 235 F3slA fucoidans WARA ZAL

o7t Al AEE Aste Hols ol AEAMEAA L AAdA 7A7

3. Fucoidan®] <A Xol| i3t bcl-29 cIAP-1 ©dZF7} a3}

Fucoidan®] =FAHX AE& digk F7tade] #A87|ds Asr sl
AxALE #E gdol bel-2 family @Ay c-IAP-1, 29 o] dis)
ZAFsF T, Western blot #4243 (Fig. 3), = ¥9 tis] fucoidans # &) 3t
A3 Bel-2, Bax® cIAP-19] o] Frkstes S EEith whebA
fucoidane Bcl-29F cIAP-13} & AlZAVE WA ghwlizdo] wg Zrjo o]s)

FRALAA YA EAfel o8] FESEMEADE AT Qow FHAL

4. Fucoidanx & ol 93+ FFAFL ZTHM}H =l
FAZE 3o FH O WIAE AFFE T osholth. WARY =AM
ZFAEZe WY97|%5d4 fucoidand  IEEFHES AAS|YH FL

AEFHuLA S BEF+S =AY, Flow cytometric analysisolA  (Fig.4)
granulocytes®] ©™3F phenotypic marker$l Gr-1%&o] fucoidan *X]o <]

froletAl S7FT whde] Wy BAlE BWvkiQl B7.2 (A= etE o)<}



MHC 119 a2 FostA WHeE A= &drh. olgst Ao A  fucoidan®]
BMColA  granulocyte v"FAHS & fFoskAl  S7FAIFHI fucoidan©]

FAzA e LA v Ee WAL 5 ATk AL s,

5. Fuoidanx X| o] 9]8F SFAHE ] Mol E712 A F71 a7

=i

Fucoidans A= & g =FMaE7F A dA|E Mol ETRRle] Aikel Aol
J= A ARE FANGY. IL-129F TNF-alphave= 47 AlXvj7idH o=
AAW Ao A Fa% s e dEAIN RolEFRICEZA oW AT

MeNE At ELISAC A (Fig. 5) fucoidang |3t FF A LA IL-129 T
alpha®] A4te]l  F7hEAT. 28y fucoidan AHg F WAMS AL
STAM A IL-12 FYstAl Ve &g olget A= fucoidan

TRAES PEERW ohlE AEJIY ANIE FFL WAL Aoz

A,

6. HIBAEE o83 IAx FLAA T 241 fucoidand] <% &}

Allogenic HIFAIES] F4S BA3eke 5432 el el fucoidane]
oAw gt FFS WAEA FARING. EFAEE ATAE Ee AsE FHY
FAAN T z= 4F AEE 2F8tal vk MLR 24914 C57BL/6 vh--29
ZFMEZL stimulator24] AFEE AL Balb/C wE$-229] H]ZFAE7} allogeneic

responder cell24 AFEE It} Allogeneic B A ETFS] ZF2418 =A317]9 8]

i
o
il
H

4

MEE co-culture HFE Ao HWIARM o2 FA}E AT} Fucoidan® 2 st

FTAES settingA] AHEH HAPA FZARS} #AIGlo]  allogeneic responder

cellse] T4& AT (Fig. 6). o] d Aol A fucoidan &7} ==
Eotd FJAAAAEL] 7 5S FoA S/ 5 A= How FAHEL
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Figure 1. Fucoidan increases BMC viability. BMCs were cultured in 96-well
plates at a concentration of 2x10° cells/well. Cells were treated with fucoidan
for 24 h and then irradiated (1 Gy). After 24 hr, CCK-8 solution was added as
described in Materials and Methods. The O.D. of wells was analyzed. Results
are expressed as mean = SD of 4 wells. Representative data of three
independent experiments with similar results are shown. *, **, **x indicate p <
0.05, 0.01, 0.001 wvs No IR control and ##, ### indicate p < 0.01, 0.001 vs IR

control respectively.
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Figure 2. Inhibition of BMC apoptosis by fucoidan treatment. BMCs were
cultured in 6-well plates at a concentration of 1x10° cells/ml. Cells were
treated with fucoidan (50 wg/ml) for 24 h and then irradiated (1 Gy). After 24 h,
cells were harvested and stained with annexin V-FITC/PI (A) or rhodamine 123
(C). And also, a cell-size based analysis (B) was performed. In A, numbers
indicate the percentage of quadrant. In B, region R1 includes viable BMCs and
numbers indicate the percentage of cells in R1. In C, numbers indicate the mean
fluorescence intensity (MFID) of all cells and brackets include the percentage of
high expressed cells (M1l). Representative data of three independent

experiments with similar results are shown.
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Figure 3. Fucoidan treatment enhances Bcl-2 and cIAP-1 expression in BMCs.
Cells were cultured and treated as described in Fig. 2. Western blot analysis
was performed as described in Materials and Methods. Representative data of

three independent experiments with similar results are shown.
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Figure 4. Surface marker expression was up-regulated on BMCs. Cells were
cultured and treated as described in Fig. 2, and then stained as described in
Materials and Methods. Representative data of three independent experiments
with similar results are shown (A). The numbers indicate the percentage of high
expressed cells (M1) compared to that of fluorescence control. In B, the
percentages of high expressed cells were analyzed statistically. *, # indicate p

< 0.05 vs control, IR control respectively.
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Figure 5. Fucoidan treatment enhances cytokine production of BMCs. Cells
were cultured and treated as described in Fig. 2. The supernatants of BMCs
were collected and ELISA was performed to quantify cytokine concentrations.
Data were obtained from three independent experiments and are presented as
the mean + SD. The n.d. means non-detectable level of cytokine. =%, ###

indicate p < 0.001 vs control, IR control respectively.
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Figure 6. Fucoidan—treated BMCs increases the proliferation of allogeneic
splenocytes. BMCs of C57BL/6 mice were cultured and treated as described in
Fig. 2. Allogeneic splenocytes (2x10° cells/well) were cocultured with BMCs in
96-well culture plates. Data of incorporated radioactivity were analyzed from 5
individual wells and are presented as the mean = SD. Representative data of
three independent experiments with similar results are shown. **, *** indicate p

< 0.01, 0.001 vs control respectively and ### indicates p < 0.001 vs IR control.
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