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Fucoidan is a polysaccharide found in brown algae, which is known for its various bioactive effects,
including immune enhancement, anti-cancer, and anti-inflammatory properties. In this study, the effects
of fucoidan on cellular and mitochondrial damage, as well as changes in osteogenic and osteoclastic
activities induced by advanced glycation end-products (AGEs) in MC3T3-El osteoblast-like cells,
were investigated. Treatment with AGEs resulted in a time- and dose-dependent decrease in MTT
reduction capacity, activation of caspases (-3, -8, and -9), and an increase in apoptosis. Pre-treatment
with fucoidan significantly alleviated these cellular damage markers caused by AGEs. In addition,
fucoidan protected against AGEs-induced mitochondrial dysfunction by significantly mitigating the
loss of mitochondrial membrane potential, reduction in intracellular ATP levels, and occurrence of
mitochondrial permeability transition in AGEs-treated cells. Fucoidan also markedly suppressed the
production of reactive oxygen species and, lipid and protein peroxidation induced by AGEs. In cells
exposed to AGEs, gene expression related to osteogenic differentiation and markers of osteogenic
activity increased, while markers of osteoclastic activity decreased. Fucoidan significantly moderated
these changes. In conclusion, AGEs induce mitochondrial dysfunction and apoptosis in MC3T3-E1l
cells, while decreasing osteogenic differentiation and activity, and increasing osteoclastic activity.
Fucoidan appears to reduce cellular and mitochondrial damage and improve osteogenic activity im-
paired by AGEs.

Key words : Advanced glycation end-products, fucoidan, mitochondrial injury, osteogenic activity,
osteogenic differentiation

M OB

1 = 1 &/ (bone formation)Z} W F<(bone resorption)
2 = A A S Fall BUgle]l MELIT 2
P = = A E(osteoclasts)oll 2|3l A AL, ZE=A|
X (osteoblasts) 3t} =& 5o o3 Fr)As A S
3l =L wW7E FUtE e o] HFE W Ry
(bone remodeling)'©] 2}l FHTH27].

I TR 03I ‘%5&@0‘50] —F__i‘]
Ehued 1 71d e stuE 2EAE B
o vk &3] FHbE L6, 8, 26], 5%*1]3194 Aﬂ; A
o] Z77F dEhU ol & AAIsHE W S ¢hs)

*Corresponding author

Tel : +82-51-510-8072, Fax : +82-51-510-8076

E-mail : jswoo@pusan.ac.kr
This is an Open-Access article distributed under the terms of the
Creative Commons Attribution Non-Commercial License (http://
creativecommons.org/licenses/by-nc/3.0) which permits unrestricted
non-commercial use, distribution, and reproduction in any medium,
provided the original work is properly cited.

>
i)
_‘

i&
oo
o
b
k1
it
I,
X0,
rlr

gi[10, 12, 29], ol A&
A}““‘ o] Fxaw T w Aol WA T3 I

%J—'—Bc:} gk } ANM AL AEe] FEHE T3 71A
% 3l H T 348 E(advanced glycation end-products,
AGEs)dll 93 A=olti11, 33]. HZ B4 E-S i F,
A, e Fgto] T £A44e vlaaz o Agtsto] A
AEe EdoltH33]. ol FE AETF FHEoA ARl
AYHEA ZHE ] NE 75 €48 F gk 2g
o] d<lo] & & glom, st 2Ef 29 45 W
e =98 301 o7 zZ8-3t11, 33]. FFHALEE
AN E %ﬁd ATS T F e A= 4y
l=dl, 34 W 237, 53] AdZ3 Zubol] F3 5o
W&} 4kt ~E —/l%: gz dE &4

dol HYL 7tk 5 ds, 18, 31].
% FoH(fucoidan)> FZ v, At} Fo] ZAZF
A FE2H= EAZ, AxyolEstE tdF(sulfonated
polysaccharide)”} 8 Ad&Eo|ti17]. 2ot &<, &

9%, WY 43 5 hgd A 48 Ve

rloh

o]o
0 o

flo do
ruE

P

A

2ol so rL
it

rL o2



702 BB UWSIBIX] 2024, Vol. 34. No. 10

HUH, d& B39 5 AAE Fall g

A0 15, 19, 34] ©

T7F 25t B Oﬂ%mﬂ/ﬂ—t— ZEMEZ F

e (25, 28] MC3T3-El Al ZollA HE

3 fFEEE AX 9 nEZCgol &47
, 2F 54 g A 3ot

cg M

o
A

=
E4

o rir A £

Ll o

B BN o> X ootk PR ofo W
o
T 1 o

o2

> fr o
I
%2
o
)
3

1>
o
=
HI
]
0 (a8
I

SSEE U A
M Er] e E a3 ui=A 9} A2k GibcoAl A& (Thermo
Fisher Scientific, Inc., Waltham, MA, USA)= Al-&3}3 0 H,
DiOC¢(3) acetoxymethyl ester (DiOCs(3)/AM), 2',7'-Dichloro-

fluorescein diacetate (DCFH-DA), calcein acetoxymethyl es-

o

ter (calcein/AM), Z1&] AL tetramethylrhodamine methyl ester
(TMRM)< Molecular ProbesAH(Thermo Fisher Scientific,
Inc) AlFES AHESEATE HFASER T3o)d & &
A &HE W (bovine serum albumin, BSA)I} o] £] B2 A
T34 &2 318 E- I Al 2FE2 Sigma-Aldrich Chemi-
calA(St. Louis, MO, USA) A &E& AL&3F% T}

M= HiF 3 HBEASE XN
MC3T3-El A2+ American Type Culture Collection
(Manassas, VA, USA)Al Al T3t a, A Elg 10% fetal
bovine serum, 50 [U/ml AYAH G, 50 pg/ml 2EFEn}
ojale]l Ee¥ a-MEM HiA|7} ke Eet2E v &
2Tl vttt MEVF AR 28 AR A
(= 4-59) 0.05% EH41/0.53 mM EDTA &4 & Al-&-3
A2zE E8sta, d 259 158 AEFstuch 49
o &8 wol= MEE 50 pg/ml oF2 3 E B Xh(ascrobic
acid) p-= 2] M 21 4k(glycerophosphate), 10 nM & A} E}
£=(dexamethasone) 0.2 TAHE ZIZ M X B3 AFA &
A skl SAITH o] Alhul g st E3HE FXI3 Fof
AR HFBAtsE I 09 BT o-MEM<
S 2 ARgsl o™ O]E E?—J. A Al 54 dzTols
Y Fo & dH &N ﬁ% a-MEM< 3718ttt
HIZTGNsES 2 O]
), 2) S| eRt ﬂa] A —TL(BSA+FUC 4) 3) HE
=9 A2 3 Al ET(AGEs 1), 4) HEEAsHES
oS A A3 A ET(AGESHFUC )9 4 A

TOE o] ol 2250 Uil &34E v ¥

skt

MIZ AtHo| X

A2 A8 -8 Hoechst-33258 G418 E3 H7letch &
3 dAr 24< 98l 2o A"T 6 Y olE

oll -"rlzlf?_ -r"rﬂ] 7-]H%:La}/\ .r]oﬂ/ﬂ /q] = uHookg}%l‘E]_.

(paraformaldehyde) 2 117 3}% 3L, 5 uM Hoechst-332587}
FZ 3 HBSS &Y ollA] 37CollA 3083t we-AZ Tk 7
Hagt=e MEe AAS T PBSE SHAE(1:) €7
SAE AR SEtolE ko RS on, ¥4

7o g2 FESTE FFEHAY BEH S Ad M=z
S5 ATt AEZ AR ARE FAHST

FIATOH| Mo £F

7} 2= 3} o} A (caspase) &3] A H 7= R&DAHMin-
neapolis, MN, USA)ol| A A|-&gk Al 24 7| EE A3}
o AZzAY] A wet AAFE T AEE A7Ee <
4+2k -9 (phosphate buffered saline, PBS)2. 2 A & 3}al &
AR &, 72 AEol 25 mlo] ¥ H-& HU1ekal 37C o
A 2A17E FRF REGAIFTE ¥EE- 42 10 mM dithiothreitol
= A FhampolA|-3, -8, 9ol 747+ Bo]¥Ql G 714
E92 Ac-DEVD-pNA, Ac-IETD-pNA, Ac-LEHD-pNAE 6
W E2E3t3 ATt FhTtolA S ol Rl A
13} B.33-7](LS50B, Perkin Elmer, Waltham, MA, USA)Z
AFE-35)] o 7] (excitation) ¥ 400 nm, "E(emission) I+
505 nmoll Al A H <] Y FEE At BristAT

DIEEE=2|0F HHLe £F
nEZc ol BAdE FAEZEAZIE DIOC(3) 3
A5 E Bt SA3H T DIOC(3)/AM-2 Al Z =t
TJr’O‘}OE] AZ UHE Y98 & AZ Y o282 7
& Zx(esterases)©l] 2]3) DIOC4(3)2 &&= H, o]= 1]
EZcgol g YR SHLd vty nEZ=go}
ol 28t oA M 50 nM-9] 3‘4% =
DIOC,(3)/AMS 205 59k RalA7] & A5 Al 38l1
PBSo A &3 &, FACsort (Becton, Dickinson and Co.,
Franklin Lakes, NJ, USA) f-AIZ 24712 43150

fi AL o off

ATP 529| 53

FAH A7 ATPE S 2 AL FAIFH U AH3)
stal 9& WEdte e E o] &3 FAHU-FAIH A
(luciferin-luciferase) FAIH O 2 AE U ATP 552 =4
33 TH22]. AIEE 0.5% Triton X-100 &l A &3] A2
% 0.6 M 7 22Kperchloric acid) 100 plE 7}3te] 2H4d 3}
gk 3 3027 WA T o] F AZEF A (cell sus-



pension)= 4 mM MgSO,, 10 mM & FEF4HZ-F(potas-
sium glutamate)S X33k FH(pH 7.4)° 345}
A A ZEFA 10 ploll 20 mg/ml FA 3 H-FA] ) 2}
A WS- 100 e HIFSkAL 20% $of 33 WES Fr|
o] E](MicroLumat LB96P, Berthold Technologies GmbH &
Co. KG, Bad Wildbad, Germany)Z =73} %t}

D|EE=2(0 HFY H0| 2N

v EZ = g]o} 53 d o] (mitochondrial permeability
transition, MPT) &/ &% A 52 calcei/AM3} TMRM
= ARERE ol FAW S ARESke] A s T 16]. Al
= 3 yM TMRM®] %8 Hank's 73S -2 (HBSS)o Al
37T A 30% 52t vlFgE &, 0.5 uM calcei/AM= 57}
2 30% T Agsith. ol % PBSE 3W AlHT F
PBS:Z A E(1:1) §A& ARl &Efole S8k &
2et 1, 323 Av| 7 (Carl Zeiss, Hertfordshire, UK) .2
wEs Ao

M

HI

}o
Ay

S MAE9| EF
ME U 954 4FAF(reactive oxygen species)2] A A
< DCF 3% £4 o= SAsqnh By 3 o ~H =¥

2l DCFH-DAE AlX W= Eo|7FA A W o 28| 214
(esterases)ell 2]&] DCFHZ 7}®3l € th. DCFHE Al X
W wkSA AbaF I whSske] ¥ 34 9] 2\7-DCFE
A AstE T 249 S ol Eol v Rt Al ZE A
30 pM2] DCFH-DA7} Eg+8 Hk-g-Holl A 37 Coll A 1417
&<t i Fste] DCFH-DAE H-3tAZ T A& AA T
& PBSel A &EFs}al, FACsort (Becton, Dickinson and Co.)
FAEZEA7E AHESte] DCF 83 258 E433Th

X2 npitel £

MEE A7 PBSE M AT & Fojulo] 1.15% KCl
SRl A Fafatdet. Ad Hatst g M FAE ma-
londialdehyde-bis-(dimethylacetal) 1,1,3,3-tetramethoxypropan
(MDA)< thiobarbituric acid (TBA)?} A gahe] Ay B3t
AE #4430t OXltek TBA WHE- B4 =4 7] E(Zepto
Metrix Co., Buffalo, NY, USA)E AF-8-3}] MDA A4 FS
=459k

A
=

Table 1. qRT-PCR Primers
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A= E | £3

7hEd @ A FL Cell BiolabsAH(San Diego, CA,
USA)9| Oxiselect™ 7}R'd T8 enzyme-linked immuno-
sorbent assay (ELISA) 7|EE Al&3te] =431

0

2 AMAIZE ATAL SEIEA AHMHUEEE 2HA
ZEAE B35 AEE A2y w3 edAy o (bone
morphogenetic protein, BMP2), &Z&] Q14HE3) & A~ (alka-
line phosphatase, ALP), 2 2~H] 2ZFX](osteocalcin, OC), A1
¥ Z &+l (collagen-1, Col-1)2] mRNA T3 HAZ=E A&
AN GRHAL FFEL ANHE(QRT-PCR) AALE &4
3} Th. RNA= Trizol (Invitrogen, Carlsbad, CA, USA)S
ALgste] FE5 AT RNAS Aol A 1583 DNase |
(Invitrogen, Carlsbad, CA, USA)S.2 X} &|3l 24 A&
DNAZ AAsFoH, 65ColA 1027F 25 mM ethyl-
enediaminetetraacetic acid (EDTA)Z X &3l Hl-5-& &
Aok A AT A FFEAE AT A=
LightCycler (Roche Holding AG, Basel, Switzerland)E A}-&
3}a] SYBR Green 1 &% HH-3 E3E8 o] &3 Light-
Cycler ¥4 & 7|Wo 2 A3} H Tt PCR HA = &
20 pl] ABE AFESEH S M, of7]9= SYBR Green I,
Tag DNA T &4 W8 £ OSA 78 LEte|= A
Q14F E&-E(deoxynucleotide triphosphate mixture), 10 mM
MgCl, PCR 559 7/, 2 e 58 DNA, 183 =
ko] H(primen)E ESIG T FF T2 1L 95T ol A
60=7F A (3t 2ELE)StE 3 Aol EE& AlFo 2, 95T
A 0% A, AE A 2=olA 52 74, 72ClA]
12z A4, A" J5 SEoA 2% FASHE 45 Alol2
2 FARAG. RE dAE A WY S50, 34
9 4 dxPe T FHAELd ol =)
4 &4 8 4 (GAPDH) mRNAE Wi 2702 37
SE3t o, <0 mRNA H3FS GAPDH T
o et = PFISAT 2 mRNAS] ZEL 913 A
8¢ Z2}o] v (primer) A €2 Table 10 YERAIAT

=
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2I1% Ho| 24

7714 # 2 (mineralization) 8 =+
Alizarin red S G- /\}ﬂo}o:] ES
(V) ANEE2 1A T 2L

= 129 g o] EofA
AR AEE 70%
St &, SFFolA 40 mM

mRNA Forward primer (5'—3") Reverse primer (5'—3")
BMP2 TGGCCCATTTAGAGGAGAACC AGGCATGATAGCCCGGAGG
ALP GTTGCCAAGCTGGGAAGAACAC GTTGCCAAGCTGGGAAGAACAC
oC GAACAGACTCCGGCGCTA AGGGAGGATCAAGTCCCG
Col 1 AACATGACCAAAAACCAAAAGTG GGGTGCACCATACTTATCCA
GAPDH GACTTCAACAGCAACTCCCAC TCCACCACCCTGTTGCTGTA
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Alizarin red S& AH&-3Fe] 1023 G231t ©] % Alizarin
red S £H& AAT &, ANZE A4 PBSE 1583t
32 T3]0 A B st AL, A% PBSE ¢ ¥ Al
AT AE W Alizarin red S &2

S FFEHAA A2 FF=9} vuste A

&%+ Alizarin red

Fshgict

ABIEHY

Bl $21-6 (IL-6)%} nuclear factor-kappa B &= +&
A &4 AAK(receptor activator of nuclear factor-kappa B
ligand, RANKL)+ Quantikine Human ELISA 7] E(R&D
AHE AHESl BEAHHSHGH(ELISA)L 2 SH3H T

r& ol

ek

SH A2

AR Ades B+ BFAE YO, T OF
k9] Z}ol= Student's t-testE AME-3te] H71s Y. O
I HuE JEAHEA(ANOVA test)T Tukey AHEEl
2~E(Tukey post hoc test)E AF-8-3}o] 7131} p ghol
0.05 ol&td of FATA 2 {3t FF2 AFol7} =
Ao 2 AAHSAT

24 _TI_I.
| BEHSEE0 st MTT &S Maliet £30|E ES
k=)
HETZAAEE o3 ME S Brler] faE MTT
GAdsS SASAT AFTEASERE AT Al Z A
Al ZE Q%@ii MTT &5 747} -‘4’7-&304‘;}(Flg

AFeHE o] A= 20-300 pg/ml LA F
2 e ThFig. 1B). ©1F AgelA= J,]Zl:]—/x].

z
2 b
lo of\

cﬂ

o
N

7% 200 pg/mle] FE
%%M&qaanﬂ%n%aﬁqz@ﬂﬂﬂ%ﬂﬁ

ﬁit}. Fojghe] A= 20
=3 e TH(Fig. 1C).
o= Wig AEE o] &7 Al ;F& Aol Bag Al
=54 A&g YeEA %%itﬁi o A=ty #8&
UetdE T % Ees gxsks AatolH[l, 21, 30], ©l ¥
AdoM = F3olde A A 583 Aol fle 4+

100 pg/mle] F=E AHE3IH T

il-’é-%&i}%ml olst ME AlZD} 30| BS 1}
o] HZFFAstEol o3 Al At P
o137 —.—IO]-G:] Hoechst 33258 FAH o2 HA
. Fig. 2A%} 2Bo] Aol A T30 tho] HF4ks)
oGt Al AlES AAT] AAFE BHoAFET T3
100 pg/mle] F=olA HFFAstEol o3 Al
43.6%°1 A 17.2%= ZFAAIZ THFig. 2B).

ZZEME=0] et FIALIOMN| 2osiet

F30|EHo]l ofst

(@)

-

]

o
|

100

80

60

40

20

MTT reduction (% of control)

ﬂﬂﬂ

A B
g =E~ 120 l
= =
F— -

3 8 100
b~ o
o © 80
s =
s § °7
S S 404
o o
2 o
= 2} 20
= E
= oLt 1 1 1 1 1 1 = 0

0 12 24 36 48 60 72 0

Exposure time (hr)

AGEs (ng/ml)

o

100 200 300 0 0 20 50 100 200 500

FUC (pg/ml)

Fig. 1. Effect of AGEs and fucoidan on MTT reduction capacity. (A) Time-dependent effect of AGEs. Cells were treated with
200 mg/ml of AGEs for the indicated time periods. (B) Dose-dependent effect of AGEs on MTT reduction capacity.
Cells were treated with the indicated concentrations of AGEs for 48 hr. (C) Dose-dependent effect of fucoidan on AGEs-in-
duced inhibition of MTT reduction capacity. Cells were treated with the indicated concentrations of fucoidan in the absence
and presence of 200 mg/ml of AGEs for 48 hr. Data are represented as the mean + the standard error of the mean of

4 sets of duplicate experiments.

*p<0.01 vs. the respective BSA control, “p<0.01 vs. without fucoidan. Open circle (o),

BSA control; solid circle (e), with AGEs (200 mg/ml); open square (o) with AGEs (200 mg/ml) and anti-RAGE antibody
(20 mg/ml). AGEs, advanced glycation end-products; BSA, bovine serum albumin; FUC, fucoidan.
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Fig. 2. AGEs-induced apoptotic cell death and its protection B [ -FucC
by fucoidan. (A) Representative micrographs from mi- o Bl +FUC
croscopic analyses of Hoechst-33258-stained cells, with
arrows indicating apoptotic cells characterized by con-
densed or fragmented nuclei. Cells were treated with
200 mg/ml of AGEs for 48 hr in the presence and
absence of 100 mg/ml of fucoidan. The cells were
stained with Hoechst-33258, and then analyzed using
an inverted microscope. (B) The apoptotic cell counts
are presented as a percentage of total cell counts. Data
are represented as the mean + the standard error of 4
sets of duplicate experiments. *p<0.01 vs. the respec-
tive BSA control, #p<0.01 vs. AGEs alone. BSA, bo- 0
vine serum albumin; FUC, fucoidan, AGEs, advanced Casp-3 Casp-8 Casp-9
glycation end-products.

Activity (fold)

B 8o{ 7 -fuc
Il +FUC

-
T

60

Activity (fold)

Apoptotic cells (%)

20

Activity (fold)

Caspase activity (fold)

Fig. 3. AGEs-induced activation of caspases and its inhibition
by fucoidan. (A) Caspase-3, -8 and -9 activities were

Fof FhxFotA 7 AAstEAE Flstr] A8 FF2~T determined in cells treated with 200 mg/ml of AGEs
o}Al-3, -8, -99] A W3S ZAEIY T HAFEEALEE for indicated time periods. (B) Cells were treated with
w25 Nzl A FhaTtolAl-39) 99 AT} FF2Tho} 200 mg/ml of AGEs either for 6 hr for caspase-8 or

24 hr for caspase-3 and -9, with or without 100 mg/ml

- 3] =S E SR ir ;
A-gell sl B Fslsta A& 02 e TH(Fig. 3A). of fucoidan and then caspase activities were assessed.
_ - N S - D _
Faolg A Al HF A=l o3t FhavtolA & Data are represented as the mean + the standard error
A7t oAl G A = A ThFig. 30). of 4 sets of duplicate experiments. *p<0.01 vs. the re-

spective control. FUC, fucoidan; Casp, Caspase.
F30Icho] xSEhEE0] ofst D|E2=2|0F 9t Mel 2
ot MZE Lj ATP 120l 0|X= &1t
MEZeelo} v} 9] Zhash AL 1 ATP 2L 1)
EFZEdo} 7s &4l SRtE s taA ]l Wstol

4 Al DiOCs(3) BF 457}
%
o
2HA HEgabslEel o3 AlE Ao mEZ =l 2 9
3]
=

Zo
(M2)°ﬂ A 3 % A z7}h ok J}é_

A9 ik AlZ W ATP 123} o] A=AE F1lst
4t} Fig. 4AE= DIOCs(3)Z FAeE Al FAHE £
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Fig. 4. AGEs-induced mitochondrial dysfunction and its protection by fucoidan assessed by mitochondrial membrane potential
and ATP production. (A) Representative graphs from the flow cytometry analyses of DiOC6(3) fluorescence to measure
changes in mitochondrial membrane potential. Cells were treated with 200 mg/ml of AGEs for 48 hr in the presence
and absence of 100 mg/ml of fucoidan, loaded with DiOC6(3), and then analyzed by flow cytometry. (B) Mitochondrial
membrane potential estimated from the flow cytometry analyses is presented in arbitrary units. (C) Cellular ATP content
was measured using a luciferin-luciferase assay. Data are represented as the mean + the standard error of 4 sets of duplicate
experiments. *p<0.01 vs. the respective BSA control, #p<0.01 vs. AGEs alone. BSA, bovine serum albumin; FUC, fucoidan;
AGEs, advanced glycation end-products.

FATHFig. 4A, 4B). E3F HFEASIEE 227 Al 2ol A FEE A $7} 382%2 F7IslY o, 50w o]
AEZ Y ATP 5=7F A3 AlET2 232% = A4S S E FYshA At 12.8%F ZAAHTHFig. 5B).
H, 3?—:7_0]‘3% A g Al AGEsell 9§ ATP 55 747}

A MEzTe] 783%7HA ¢kstE]o] AGEsel 9% ATP 11 HZSASIE0| QS HISA AaZnl IS MM BT}
s 71.7% BREsE a3E B THFig. 40). 2 O[ofl OjXl= FZO0|Ee| YA S1}
FFoto] HEGASEL AT A XA HE}
| ZASE0| Qs 0|EZ=2|0F Tk M0| 2L F HEZT o} &5 3}ste &3 kst 283 #
ZO0|EH| Qlst AF| do] A=A E &Rlstr] fal vh3d 4haFe] A
N ZE TMRM3# calceiVAMO. & o] QA3 & FX% ksl E o] A4 WstE HUistnh H s ES
A dv|F o2 FFste] nEZ S ol R Hole A2 gk AT A= B AT Aol dA 3] Tt
FA4e BAAT AE YolA TMRM calcein/AM-S 3l H S H(Fig. 6A), ©|& T BE= T oIt Aol <
7Y E o] 4 TMRHF calcein® 2 WHIHE T T2 A 3 FolskAl A=A, =3 AASIALEE MDA 7
9] v gotE 7Hxl AlZo A& 4 stE W TMRO] B ohEl(CaPr) A S H7MeA =, H534sE

EFC = =
= A9 7H rlEZ =gk Well S AR, calcein MDAS} CaPr B4 A3 S74A12 widol), F320]g
nEZEd o B F38hA] 3T Fig. 5A° YERA < ol FrelstAl A8t AtH(Fig. 6B, 6C).

AR A, FAQ HEZS o5 TMR 4 0.2 13

He T3 HER JEldTh B, &44E rEZEE Z| B0 Qs ZSMIE 23} ofH[et £30|He| S}
ol wHA 97} ZAeta Meld FaAol Akebd 1 Ay HZ Il EH SFo|de] ZFME 3l rX&
TMRO| &A= calcein®] | EZ =g o} 9h-& F 331 FEE Ut Y5k, A EE olx~IE2BAHS 3
FAEo] I fFo] SHAAY ARt HFFASE ZEAEZ 23} A=A et A 5-63] Ahul e sta A =F
2 RAZE AE F v EZEgol HERA Ho] HA o] AN GHAL FHEAL DS HAE Fal A E
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Fig. 5. AGEs-induced mitochondrial permeability transition and
its protection by fucoidan. (A) Confocal microscopic
images showing cells with intact mitochondria and
cells with MPT. Cells were treated with 200 mg/ml
of AGEs for 48 hr in the presence or absence of 100
mg/ml of fucoidan. The cells were then double-stained
with TMRM and calcein-AM, and analyzed using a
confocal microscope. (B) Cells with MPT were count-
ed and were presented as a percentage of total cell
counts. Data are represented as the mean + the standard
error of 4 sets of duplicate experiments. *p<0.01 vs.
the respective BSA control, #p<0.01 vs. AGEs alone.
MPT, mitochondrial permeability transition; BSA, bo-
vine serum albumin; FUC, fucoidan; AGEs, advanced
glycation end-products.

315 e+ AE FHAE9 mRNA $3 & &43F
At BSARE A g 2 A= vnsty, HFgatst
22 A3 AEZTFNA BMP2, ALP, OC, Col-I mRNA2]
LR o] A8 HASHAT. 28y FFo|whE AT
A EZFoNM = HFFAEE 23 o] E A E mRNAE
o Wy A7} FofsiAl $skE A th(Fig. 7A-7D). =7
ZFo)Te BSAE AHE s 2T M EoAE BMP2,
ALP, OC mRNA &3 & =747 232 R thFig.
7TA-TC).
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o] Z7FetE ALE AHA ATH25, 28] HFTERISER
At AZ g o A FHE huF
A EEQ IL-69F RANKL-S ELISA AALZ ZAH3dt 1
A7 HFEAEERE A2 g A ETA IL-69 RANKL
o] Enl7t dA 3 FrletRon, 30w ol E {935t

Al A8 A THFig. 8C, 8D).
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Fig. 6. AGEs-induced ROS and oxidized product accumulation and its inhibition by fucoidan. Cells were treated with 200 pg/ml
of AGEs for 48 hr in the presence and absence of 100 pg/ml fucoidan. (A) ROS production was measured by flow
cytometric analysis of DCF fluorescence. (B) Lipid peroxidation was assessed by measuring MDA production by colori-
metric analysis. (C) CaPr formation was determined by ELISA. Data are represented as the mean + the standard error
of 4 sets of duplicate experiments. *p<0.01 vs. the respective BSA control, #p<0.01 vs. AGEs alone. ROS, reactive oxygen
species; MDA, malondialdehyde; CaPr, carbonyl protein; BSA, bovine serum albumin; FUC, fucoidan; AGEs, advanced
glycation end-products.

A B

5 20047 Fuc = 20047 -fuc
g - R § - Fuc Fig. 7. Effects of AGEs and fucoidan on the
é 150 - ¥ ; 150 4 expression levels of osteogenic differ-
5 i'; entiation specific genes. (A-D) Cells
3 100 4 i £ 100 were treated with 200 pg/ml of AGEs
- :zt: for 48 hr in the presence and absence
E 50 . £ 50 of 100 pg/ml fucoidan and mRNA ex-
% o pression was assessed by qRT-PCR
m 0 < d analysis. Expression level was nor-
BSA AGEs AGEs malized to GAPDH and presented as
% of the BSA control without fucoi-
200 — _fuc 2007 .Fuc dan. Data are represented as the mean
I +Fuc . +Fuc + the standard error of 4 sets of dupli-
# 150 - cate experiments. *p<0.01 vs. the re-

spective BSA control, #p<0.01 vs. AGEs

150
wod" *H 100 - alone. BSA, bovine serum albumin;
AGEs, advanced glycation end-prod-
5o * 50| ucts; FUC, fucoidan; BMP2, bone
morphogenetic protein 2; ALP, alka-
line phosphatase; OC, osteocalcin;
0

Col-I, collagen-I.

OC mRNA (% of BSA Control) O
Col-1 mRNA (% of BSA Control) O

o

BSA AGEs AGEs
2 ATFoA Fo|to] HFFAtstEel o8 fr=d Aol o g AgolA FoT 9EFE & F IS
AZ £4¢ Fokdts B4E dehd e FAT 5 92 Asdh
o T T AH YT ATl A AEFASE| Faolge AFPusRe] P vERCSo} L4
3 MIT &5 2 2

A7t AA3) AFHA A, AAzgolA o AT HE EIHE HAT HFIIHE AP F
d wd foloid BAse ERE BA mES=elol w9l s ME Ul ATP v=e] A3

 Fao|ge] AFYisEe 7} AAH QO H(Fig 4), MEZEL o} FEIA o] A
ARg Aoy AZ A2y o FREAATKFg 5). ol FEE =L ote] 7]

g s ve wa} S8e epa, Faolwsl & AES oA OIS AT, AE 4RE F
AZ BE Edhe HFYURBE AL W &3 LW AsE T8 14 F SR 2BAL EHS A3
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A B
= 200 _fuc S 20047 .fuc Fig. 8. Effects of AGEs and fucoidan on os-
£ .+ Fuc § H + FUC teogenic and osteoclastic activity mar-
; 150 = 1504 kers. Cells were treated with 200 ug/
g # 5 ml of AGEs for 48 hr in the presence
§ 100 - &:' 100 4 # and absence of 100 pg/ml fucoidan.
= -..95 * (A) ALP activity was determined by
S 50 * % 504 a colorimetric method with a commer-
% 5:3 cial kit. (B) Assay for mineralized ma-
< ° s " trix formation was determined by ARS
BSA AGEs BSA AGEs staining. (C, D) ELISA analysis was
(o3 D performed to measure IL-6 (C) and
T 400 e . = RANKL (D). Data are represented as
5 N +FUC £ 40097 -Fuc the mean + the standard error of 4 sets
e = Hl +FUC . .
§ 300 % of duplicate experiments. *p<0.01 vs.
5 = 3004 the respective BSA control, “p<0.01 vs.
= 200 g AGEs alone. BSA, bovine serum albu-
c 2 200 * . .
B " S min; AGEs, advanced glycation end-
'§ 100 K 100 "' products; FUC, fucoidan; ALP, alka-
E- 5 line phosphatase; IL-6, interleukin-6;
2 ' Z RANKL, receptor activator of nuclear
BSA AGEs e BSA AGEs factor-xB llgand
shan, W ol 2R G & u, 0, 2 B AL HEGAHER AT Aol T3
ojttS A7 M ZAA= SIEE QIF ME ojtto] N AlE 3 | EZ =0} &4 HEsls 8y
Zegol B Fart @A AAEHA M, ATP & Qe zzA|x B35 25 EFHES FAe ol =%
= A S ET(Fig 4). E8 $I0|HL HEZE S = T USES FAE F AT B ATl AHES
go} e HolE A5 (Fig. 5) W EZ T g o}o] MC3T3-E1 A2+ Z3AZ £33} A5 &Ho] EAst=
Ve £4E Hosks AdE BT o Axe F Al sevle] At A AXYE 2SHE E3
Fojto] mEZE=g o} 75| Ao T83 JTE 3t A& FAA] BMP2, ALP, OC, Col-1®] mRNA & o]
M, o]& Tl HFFAsEE Q% rEF =g of &4 A Uehde &g 5 AkFig. 7). AT =E
Az Ade feishe T} epaich A G AZAAE o AT FAAZ WHo] AAA
HEPetEe =3 AE 2Ff AEE F AAFANFig 8). 2T TEE| AxE gL AT
Ashe] sk 2EH 2 F/MIAL, AW D BMEe] SRk B4 To1d FHS 24 AIRE mRNA
HFeE FEIT A AT AE ellA Bkt o] Wztel YAt AFAE HATH(Fig. 8A, 8B). ol ¥ 3t
£4e FAY & dom, 53 nERCHcl M) &4 Ave AFPAs B 2EAX AT AR FEY
U AE A F2F UUCE AFHTE B AT B ol BAX Lo 2T BEAL JAYS
= HAZPANE Ael F 0g FAHS AA D Uehich FR0lRe AHYYL ©, HEGAER 2l
a9 Aasrl SIS & AT (Fig. 6), °l= & 2IAE E3het 2E EFA 9 A AT FEHA
AE W Ak81H Ego] Z714) @} ool 4 9aET B Faolge HEINABS AsA
3t 2E# e W A ZZHE FFHEY #F %2 MZo A= BMP, ALP, OC 5 Z=A| 2 &3} A%
S Ay W A4S 7SS U SAo|ge HF mRNA®S] BAS F7MA7I= &35 Bl = 5 7t
FrEE R Qe S7H WA AHAFel S oAl stot.
Now, A|d 5l & ks dA s gaAAH RANKL> dtEAlze] 4, 85, 843 3l &L
F o ehe] Fars} EIE A 22 Qs fEE  2As: T8 A5 A% W F5o W 8 299
43} 2Ed 28 A3, o8 T vjEEse]  THI3, 23] WebA RANKL 9] oA thae] Aol A
ole] &4 Folt H FoB &5 Atk olEdd W B APHL BUIFF AF 4B L Forel s @
Fars} 2 gL Foleo] 4 o W Afe] "G ge W AT NE T 98 wHo] @
A 2E &35 Yehle 523 71d F shuz &8 T ATHI3, 23]. & Aol A ELISA &4 A3}, HFT3
T dEe AART stE2 Aee AEoA IL-69F RANKLS] 417} F7}a)
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Z2 :MC3T3-E1 MZOM ZSZASI20| o5t MEQY 0|EE=2(0) 24, ZZME 2its,
= ¥ O= g8M Hslo| 0|Xl= £30|2e] &1t

HENE - PAHAM*

Bartsta o) wejst el st

~

S Folth(fucoidan)S ZZFoAA WA= OIHRE, WY T4, I, FET F OIS A A4S
et e Aoz deA ot B AFolAe ZIZ A E(osteoblast) @t A AESH EAS Ad
MC3T3-El A4 HFGAetE] o8] s e Al nEZEeor &4, 2IAE &3 23 ¥
ﬁJri 5o Wl mAE S|t ARE AHSIATH HTIAASER AT Az E MIT

T At A Fh2=vhot Al (caspase)S] B33, ME AR L] FU7F BEE T FHO|HE AA
ano}g HEFAE R0 9)3) o] AT &4 A FEo| A3 P3EYY. THo|He w3 HEZas)
ol oa] f=d mEZE=or v MY A, AlE U ATP 1, mlEFE=eor Bt BiA ol

a9E RYY HEFIEE R A YSE AETANA = HEgA /‘]'/\%(reactive oxygen species)¥} 3}42Fsk
2 Fsksl g o] o] AAB] Frst o, FHo|TE o|F FoetA dAEAT A E 73}
A xZ m e LA 2(bone morphogenetic protein, BMP2), %7"—-_}3] Q1423 & Ax(alkaline phosphatase,
ALP), 2 2H 2Z4] (osteocalcin, OC), A1E F+A(collagen-I, Col-)2] mRNA Td FAEE AF AAZL
A FHEL AV (QRT-PCR) AR 4% A3 HF =2 A A o5 mRNA—«] 23 o]
A3 ZastF o, FI0|HE o]F AXE mRNAES Td A4S fFosiA At =25 &84
(osteogenic activity)2] A EE &z AR EL A Fr)d IHS 243 235 mRNA TH
Halel AXsles AE BT W) gF &5 A (osteoclastic activity)S UEM= A ZEQ AHFZ
-6(interleukin-6)$} NF-xB 2|Zt= =84 &4 A AM(receptor activator of NF-xB ligand, RANKL)2] £H]=
HAFGAsEE AT AETANA STFsIAeH, F30|d-e ol & FolstAl Attt o] de] AAE
T FHolT MC3T3-El AlZ oA HFFAsIE o8l frese AE 9 nEZEg ol 43
ZINEZ B3 A8, 25 54 AstE ¢dsle &3 F Ul AoE AsHET

A
(mitochondrial permeability transition) H/3-& F+2|3}A AAsle, H|EZTgole 754 &4& &3l

A

5

O



