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Hyaluronan (HA) oligosaccharides serve as competitive receptor antagonists to displace
HA from the cell surface and induce cell signaling events. We determined changes in the
expression and function of aggrecanases after disruption of chondrocyte CD44-HA
interactions. Disruption of chondrocyte CD44-HA interactions with HA oligosaccharides
induced the transcription of ADAMTS-4 and ADAMTS-5. The association of GPI-anchored
MT4-MMP with ADAMTS—-4 was also induced in articular chondrocytes by HA oligosaccharides.
Inhibition of the NF-kappa B pathway blocked HA oligosaccharides—mediated stimulation
of aggrecanases. These results suggest that disruptive changes in chondrocyte- matrix
interactions by HA oligosaccharides induce matrix degradation and elevate aggrecanases
via the activation of the NF-kappa B signaling pathway.

AT TERR
(AL - 1)
ELEREEY I F e 2 & it
2010 B 1, 400, 000 420, 000 1, 820, 000
2011 4FBE 1, 700, 000 510, 000 2,210, 000
R
R
FE
ik 3,100, 000 930, 000 4,030, 000

ey EdIRE
BfFE 0GR - B ;5 - S B RS
F—U— K FHEE - MRSt~ Y v R - T T F—E - e T e U

1. BRSO = NRIBIWZay KA FUrimBEer 74
WEOTELRTaT 7Yy (PG) Th BB L b 0N, ey v\ 7 gk
BT UH L, S fE210kDa D=7 ¥ v FoblteTrrr  BIESELTWVWAIEKX



DT THD, THHD, fRE D ) FR R
JE AR LTINS,
EIRVEREE ClX. 727 U b v ORI
2 X B HRE D A BT RE IR T IC 27 8 5,
INETT 7V I B ET LR &
LT, ~h Voo AxAxEuaruarr—+1
(MMP) BNHLEEZLILTWE, Ll
1999 42 F & & 1L 7= ADAMTS-4 &
ADAMTS-5 25, ¥l 7 7'V B o opfRoh
DHIRE ZHT 52 ENRHEL NIRRT,
e TV F—BIEIT YD
Interglobular domain (IGD)% 7 3 / 45
WIS %, L L., DO itk c B4
DRI A e MR 1FE A MRS
BT R0,

SO T, bbbk, FABEIERE X
DEE L Z-BEETEIRT O T L e VRS T
BENEFEFICHEL, FLKETFTLTWSZ &
RN L, £, BoFEE T L S
s CD44 = R % 40 L CHl i il e mis ik e
WIER L. 200 b8 WIEEZ 3 5 2
EHLMELTWS, Z0Z b, THEEN
BT D e T Ln RSB OK T I E K
B AEHT U CHREERICEA L. JRBETE RIS
5452 LRS-,

A, ZThETOHREbL EICET VR Y
Wy FEDIKRTET 7Y hF—F R, 1%
Pefb & OBEMEZ R L, BEEIED A 1 =
ALCET DA L NICTHZ ERHE
MTHod,

2. WMHEOHM
SAEAGINC BT Dfilasb~ ~ Y » 7 ADE
BRERR T U ORBHCE S A B W
TG BB, 77U B afiEled s L
T, EFEBERE B O RE~ DR 503 W
INTWab, 77U hF—¥ (ADAMTS4,
ADAMTS5) D38 - IHHALIC B 2 DK 1
e Tw RO ER AT R R
4%,

3. WOk

(1) fmp s

PR EAE A R, v o T R AR B X
BB L, BERALERL, BEERICHER L, [H
MO S EEHERERRICR L, S ER
VI NVILERCTRILE 21T - 121, 1K) T
BEOETa B TR RINE, YT
NEEUR L, B aHric vz,

(2) A b2 00 53 Hr
(D Real-time RT-PCR fi##T
HE % O L D mRNA ZfH L . real-time
RT-PCREZHWT, 727 U B —EDEBEF
VRV DORBLEER LT,
@ Western blotting fi#HT
%O LV EAINDT 7Y )

— B H LRI ONTIE, B EEAEI L,
AT T AT, Western
blotting k& MW T, X 7 3B %#[FEE L
7.

@7 7'V JF— VB iE AT
QTELENET VIV AT —BOT 7V H
VOMRRE B BT A T2 DI HA AU A
THUEAMSR A ICEINL T, BB A T, B
T EiEE YA PRI LigfEtk,. 727V 20
fit 75 7 A~ (ITEGE epitope) Zxf3 %
B % T Western blotting 41TV,
= DO VE & fRAT LT,

@ AR IEAEAT

ADAMTS4 DBEAIZBI L CGPIFE R ¥ /X7 T
% B MT4-MMP & OFH EAERIEE D 72912,
ADAMTS4 Uik % W 35 X B 7= Wtk B — X2 B 4%
BOMBEI B L2 2RIG L. &
Wl s s ph P A VN T ADAMTSA & A KT
BAa L CWD X s Syl all Uiz, A4
%O T NI DOWTIL, Western blotting
EATIZ L0 . EEWEK S X7 OFREZIT

>77,

4. WFFERRSE:

(1) HA ) IFpRlc k277U b —E&s
FRBLFHE

HA AU RN T I B2 3% L 7= BA Sk 4
ok V. mRNA ZfH, real time RT-PCR {&
T 77V F—BRIHDOREEEIT- 12,
ADAMTS4, ADAMTS5 & HIZIKyFEE T a v
FE DI X0 | FERMEAFAIIZ mRNA DR B
N EH U7 (Figure 1A, B), E£7-. Z® HA
FV AP BT T - REGERE
IX. R 6 BFERE (white bar). 24 FEfE (red
and blue bar) & & IZIRERFN 2 BERA R
o7, (Figure 1C, D),

A B

14
ADAMTS4
12

2 10
8
28
2
S "
2 4 e
: .
o I mm
0h 1h 3h 6h 12h 24h 48h 0h 1h 3h 6h 12h 24h 48h
HA-oligos (250 pg/mi) HA-oligos (250 pg/mi)
[ D
12 - 35
ADAMTS4 ADAMTSS
0 30 o
@
88 25
g 2 20 N
B el g7 L. <
3 5 15 .
g4 o ol ® 2 40 ‘
2
05
o rm [l I n o I I
0 50 100 250 500 HA: 0 50 100 250 500 HA2
HA-oligos (ug/ml) HA-oligos (ug/ml)
Figure 1

(2) HA AV T L BT 7V hF—BL
N RBLFHE R LT C-terminal truncation
DHE TR

BAERIRE MR 2 HA A U MRS T B RS




g, BEEEEEEIR L2, BIR L=
L BHE (x10) . BHTOH% . westernblot 15
|2 T ADAMTS4, ADAMTSS R HL Z R & L 7=

(Figure 2), mRNA [ElfE. &S FEe T/ m
VBTN XV . ADAMTS4, ADAMTS5 & % 12
MR (A, B) . REMKAFR (C, D) 7%
VXY BBHEE R ST,

£ 7= . ADAMTS4 /% C R truncation {2 X
D, TT VI OREN RS D Z LIS
NTWA, Figure 24, C 12T X 9 121K T
Bt 7/a gl truncation form (pb3,
p40) OFBHLIEH T A Z BN RENTZ, Z
DOFRERIZI Y IR TFEe T A VBB T T
VA —BoRBE L HIZ, 77U D U0R
AE D IR T B rREMED RIB S Tz,

A B
ADAMTS4 ADAMTSS

0h  6h  12h 24h

HA-oligos HA-oligos
@sopgmy °" R 12h 24h (250 pg/ml)
100 - 100 -
75- 75-
o8 e — — -
kD kD
e e R <53
50- 50-

—_— S pd0
37- 37-

4.0 25
3.0
2.0

w il i i

&
HA-oligos 0h  6h  12h 24h HA-oligos 0h 6h 12h 24h
(250 ugimi) (250 ug/mi)
¢ D
ADAMTS4 ADAMTSS
HA0ligos ~ o 2o 100 250 500 HA-oligos ™ ———————

(ug/mi) (gimy 0 50 100 250 500

100 - 100 -

75- 75-

0 5 100 250 500

<p68 » —
KD 50 <p53 KD 50.

— — —— — < DA)

20 15
1.0
cull = |l
il 0
HA-oligos o 50 100 250 500 HA<ligos o 50 100 250 500

(ng/ml) (ug/ml)

Figure 2

(3) HA AV I L BT 7V F—EDT
T T Gy R O B 5

TV AFT—8IE, TV A G1-62 A
A @ Interglobular domain(IGD)fHT7T
R BEER AR B A RIE M A T,

TV AF—ELNICEV BRSNS
neoepitope T 5 ITEGE ik T, 77
U F—EOIEHIC OV THH T2, U
VR SR B RICRI L HA A Y A
M T, BEEITHoT-, HEEELAFEILL.
Figure 2 & [FIARD IR 24T > 7o ¥ 7Tkt
L. western blotting (2 C. ITEGE MIF&H
ZiaEt LTz,

Figured (Z/k9 X 9 (Ch538 iG> TTEGE
FEHUX HA A Y THERINL ., R
ML TRY HAF Y THC LT 7Y ) —
BIEMOHEMEENRE I LTz,

ITEGE

HA-oligos
(250 pg/ml)

250 -

150 - [

100

75- -
o ucm--

50 -

Ctr 1D 3D 5D

37 -

Figure 3

(4) HA AU =HEIZ X 5 MT4-MMP & ADAMTS4
BEAEIROTE D TLHE

WEOREIZ LY | ADAMTSA 134 WAHEFE T,
JYVas VKA T 7y FINA ) h—Jb
(GPD FEAHX v /%7 T D MT4-MP L AR
BT DI ENMOLNTWD, 4E, HA A
U S CRilggR L BAfRE e L . & oo
7 ZAmH %, ADAMTS4 HiiEZiEA Lz~ 7 =%
v b E—=XZ Rz aE b kiEic T,
ADAMTS4-MTAMMP # & & D 3 8l & [F & L 72
(Figure 4),

Figure (2779 X 912 ADAMTS4 & AR %
R T D MT4-MMP D & /X7 FHUE HA 4V
THEORIMZ L VR L2, ZOBRENS,
HA 4V SFEIC L AADAMT S 4 BHLHEA
MWFRZ BT, MT4-MMP & OB SRR AN B
HBLTWSZ ERRBRENT,

HA-oligos Bound fraction

(250 ug/ml) ¢t 6h 12h 24 h
kD 65 - '
63- »
Unbound fraction
kD 65 -
63 -

Bacin o e ——
IP: ADAMTS4

Figure 4

(5) HA AV T L BT 7Y W —BFHE
WEMEICI T D NF-k B o 7' LK D B 5-
FMC HA A4 Y KT K D ADAMTS4
ADAMTSS FEELFEBEIZBET D aFM7R A 1 = X I
DOfFBICFE %~ OFLEAZ W=t % B 2
oo lz, BARIHE MR Z % S 7 F A ERIT
ATALER D%, HA AV 85 (250 p g/ml) THIFL
L. HhH U7= ADAMTS4, ADAMTS5 @ mRNA &35



T, EBREFEFRTOX N RE R Y
real-time RT-PCR #£# X O western blot &
I TENENRE L7 (Figure 5),

HA U THEIC L D IEME(b S5 ADAMTS4,
ADAMTSS DFEELIEL mRNA L~ (A, B). 434
KX L~yL (C, D) & HiZ Helenalin @
BIALERIZ L D, BRVWAERRO bz, =0
MOFRERITIZ, PN REITED N
Mol

ORIV HAAY WL DT UL
F— P REHIRITIT NF- B B OTEMAL %
NLCHFEIND Z ENRBEINTZ,

A B

ADANTS4 ADAMTSS

HA-oligos
@opgiml) .4 .+ .+ 4 . s

g 25

§ 20

15

210 I I

05
Ilnallunls ,,I III

Inhibitor ~ Ctr  Hele ~ SB PD [ Ctr  Hele  SB PD v

canwrDON® ®

ADAMTS4 ADAMTSS

Inhibitor - - Hele SB PD LY Inhibitor - - Hele SB PD LY
100- 100-

75- cpeg S-S —
KD 50+ P 50

37- e PO

HA-oligos

HA-oligos
(250 pgimi) (250 pgimi)

Figure 5

AEOMIE T, HA AU ThED, NF-kB v 7
FV TR OIEMALEN LT, T AT
—VYORE, EHEEEERT L2 ENREN
7. HBAFERE CIX. ZhE T, bhvbi
ITEEEERIE T O e T v e RSy - ENMK
FTLTWBZE, ZLTEYTFEET LY
Fe 23 E a0 43 b, B WINEE DTE AL % I
LC., BIEAEEICRIS L T2 alREME 2 4
Lz, ZTHHDHANS, KN T, Ko+
fbL7ze 7 e U BiE, Mgt~y v &
Doy iRz TUE &, W O B IC B 5
LTV 5 A[BEMER R S Tz,

5. TR ILE
(WFZERFRAE . WFFEr A M ONEEERFE# (1
=Y

CdERERmSC) (BF 10 1)

@D Schmitz I, Ariyoshi W, Takahashi N,
Knudson CB, Knudson W, Hyaluronan
oligosaccharide treatment of
chondrocytes stimulates expression of
both HAS-2 and MMP-3, but by different

signaling pathways, Osteoarthritis
cartilage, # 7 A, 2010, 18 (3):
447-54.

DOT:10. 1016/ j. joca. 2009. 10. 007

Takahashi N, Knudson CB, Thankamony S,
Ariyoshi W, Mellor L, ImHJ, Knudson W,
Induction of (CD44 cleavage in
articular chondrocytes, Arthritis and
Rheumatism, % 3t A, 2010, 62 (5):
1338-48.

DOI: 10.1002/art. 27410

Ariyoshi W, Knudson CB, Luo Na, Fosang
AJ, Knudson W, Internalization of
aggrecan Gl domain neoepitope ITEGE in
chondrocytes requires (D44, The
Journal of Biological Chemistry, ##t
A, 2010, 285 (46): 36216-36224.
DOI:10. 1074/ jbc. M110. 129270

Kawano M, Ariyoshi W, Iwanaga K,
Okinaga T, Habu M, Yoshioka I, Tominaga
K, Nishihara T, Mechanisms involved in
enhancement of osteoblast
differentioation by hyaluronic acid,
Biochemical and Biophysical Research
Communications, 4 &t A , 2011, 405
(4) 1 575-80.

DOI:10. 1016/ j. bbrc. 2011.01. 071
Kaneuji T, Ariyoshi W, Okinaga T,
Toshinaga A, Takahashi T, Nishihara T,
Mechanisms involved in regulation of
osteoclastic differentiation by
mechanical stress—loaded osteoblasts,
Biochemical and Biophysical Research
Communications, 4 &t A , 2011, 408
(1) : 103-109.

DOI:10. 1016/ j. bbrc. 2011. 03. 128

Takao M, Okinaga T, Ariyoshi W, Iwanaga
K, Nakamichi I, Yoshioka I, Tominaga K,
Nishihara T, Role of heme oxygenase—1
in inflammatory response induced by
mechanical stretch in synovial cells
Inflammation Research, ##ef, 2011,
60 (9): 861-867

Sukedai M, Ariyoshi W, Okinaga T,
Iwanaga K, Habu M, Yoshioka I, Tominaga
K, Nishihara T, Inhibition of adjuvant
arthritis in rats by electroporation
with interleukin-1 receptor
antagonist, Journal of Interferon &
Cytokine Research, ##tf, 2011, 31
(11) : 839-846.
DOI:10. 1089/ jir. 2011. 0024

Takahashi 0, Okinaga T, Ariyoshi W,
Tominaga K, Nishihara T, Novel histone

deacetylate inhibitor exhibits
antitumor activity via apoptosis
induction in oral squamous cell
carcinoma, Journal of Biophysical
Chemistry, % #t £, 2011, 2 (3),
215-221.

DOT: 10.4236/ jbpe. 2011. 23026



©)

Kanzaki S, Ariyoshi W, Takahashi T,
Okinaga T, Kaneuji T, Mitsugi S,
Nakashima K, Tsujisawa T, Nishihara T,
Dual effects of heparin on
BMP-2-induced osteogenic activity in
MC3T3-E1 cells, Pharmacological
Reports, & &t i, 2011, 63 (5):
1222-1230.

Ariyoshi W, Tanakashi N, Hida D,
Knudson CB, Knudson W, Mechanisms
involved in enhancement of the
expression function of
aggrecanases by hyaluronan
oligosaccharides, Arthritis &
Rheumatism, 2012, 64 (1): 187-97.
DOI:10. 1002/art. 33329

and

(FR¥FK] (20 1)

@

WATARU ARIYOSHI, NA LUO, DAISUKE HIDA,
CHERYL B KNUDSON, WARREN KNUDSON:
Turnover of aggrecan Gl domains is
dependent on CD44-mediated
endocytosis. Hyaluronan 2010, Kyoto,
Japan, June 6-11, 2010

WARREN KNUDON, NOBUNORI TAKAHASHI,
WATARU ARIYOSHI, LILIANA MELLOR,
CHERYL B KNUDSON: Chondrocytes exhibit

proteolytic fragmentation of CD44.
Hyaluronan 2010, Kyoto, Japan, June
6-11, 2010

DAISUKE HIDA, NOBUNORI TAKAHASHI,
WATARU ARIYOSHI, CHERYL B KNUDSON,
WARREN KNUDSON: The turnover of
chondrocyte CD44 relies on multiple
pathways. Hyaluronan 2010, Kyoto,
Japan, June 6-11, 2010

NOBUNORI TAKAHASHI, WATARU ARIYOSHI,
CHERYL B KNUDSON, WARREN KNUDSON:
Hyaluronan oligosaccharide induce
endogenous BMP-7 synthesis via
transcriptional activation of NF-xB
and p38 MAP kinase pathways in
articular chondrocytes. Hyaluronan
2010, Kyoto, Japan, June 6-11, 2010
MICHINAO KAWANO, TOSHINORI OKINAGA,
KENJIRO IWANAGA, WATARU ARIYOSHI,
MANABU  HABU, KAZUHIRO  TOMINAGA,
TATSUJI NISHIHARA: Effect of
Hyaluronic acid BMP-2 on
osteoblasts differentiation. 88 the
General Session & Exhibition of the
IADR, Barcelona, Spain, July 15-16,
2010

WATARU ARIYOSHI, TOSHINORI OKINAGA,
TATSUJI NISHIHARA: CD44 mediated
internalization of aggrecan Gl domein
by chondrocytes. 58" annual Meeting

and

of JADR, Kitakyushu,
20-21, 2010
TOSHINORI OKINAGA, WATARU ARIYOSHI,
TATSUJI NISHIHARA: SOCS regulates cell
cycle arrest in periodontopathic
bacterium—infected macrophages. 58"
annual Meeting of JADR, Kitakyushu,
Japan, November 20-21, 2010

SHO MITSUGI, WATARU ARIYOSHI,
TOSHINORI OKINAGA, TETSU TAKAHASHI,
TATSUJI NISHIHARA: Hyaluronic acid
induces osteogenesis 1in periosteal
cell. 58" annual Meeting of JADR,
Kitakyushu, Japan, November 20-21,
2010

MASANOBU TAKAO, TOSHINORI OKINAGA,
WATARU ARIYOSHI, KENJIRO IWANAGA,
MANABU HABU, KENJIRO OKINAGA, TATSUJI
NISHIHARA: The investigation of HO-1

Japan, November

in mechanical stretch induced
inflammation. 58" annual Meeting of
JADR, Kitakyushu, Japan, November
20-21, 2010

MICHINAO KAWANO, WATARU ARIYOSHI,

KENJIRO IWANAGA, TOSHINORI OKINAGA,
MANABU  HABU, KAZUHIRO  TOMINAGA,
TATSUJI NISHIHARA: Hyaluronic acid
enhances BMP-2 induced osteogenesis in

MG63 cells. 58" annual Meeting of
JADR, Kitakyushu, Japan, November
20-21, 2010

TAKESHI KANEUJI, WATARU ARIYOSHI,
TOSHINORI OKINAGA, TETSU TAKAHASHI,
TATSUJI NISHIHARA: Regulatory effect
on osteoclast differentiation of
soluble factors. 58" annual Meeting
of JADR, Kitakyushu, Japan, November
20-21, 2010

SEIKO FUJII, TOSHINORI OKINAGA, WATARU

ARTYOSHI, OSAMU TAKAHAHSI, KENJIRO
IWANAGA, MANABU  HABU, KAZUHIRO
TOMINAGA, TATSUJI NISHIHARA: HDAC

inhibitor induces cell cycle arrest in
myeloma cells. 58" annual Meeting of
JADR, Kitakyushu, Japan, November
20-21, 2010

MASATERU MORISHITA, KEISUKE NAKASHIMA,
TOSHINORI OKINAGA, WATARU ARIYOSHI,
MAKOTO YOKOTA, TATSUJI ~NISHIHARA:
Effects of lipoproteins on the plaque
formation of moraine macrophages
58" annual Meeting of JADR, Kitakyushu,
Japan, November 20-21, 2010

SACHIKO FUJIMOTO, NORIKO SAITO, WATARU
ARIYOSHI, TOSHINORI OKINAGA, KAZUNORI
YAMAGUCHI, TATSUJI NISHIHARA:
Purified fraction of EMD inhibits the




proliferation of epithelial cells

58" annual Meeting of JADR, Kitakyushu,

Japan, November 20-21, 2010

RYOSHUKE SAEKI, MASATERU MORISHITA,
TOSHINARI ~ MAEDA, HIROAKI ~ OGAWA,
TOSHINORI OKINAGA, WATARU ARIYOSHI,
TATSUJI NISHIHARA: Role of pili in S
sanguinis to cell adhesion. 58t
annual Meeting of JADR, Kitakyushu,
Japan, November 20-21, 2010

OSAMU TAKAHASHI, TOSHINORI OKINAGA,
KENJIRO IWANAGA, WATARU ARIYOSHI,
MANABU  HABU, KAZUHIRO  TOMINAGA,
TATSUJI NISHIHARA: Effects of HDAC
inhibitor in oral squamous cell
carcinoma. 89" General Session &
Exhibition of the IADR, San Diego,
United States, March 16-19, 2011.
TAKESHI KANEUJI, WATARU ARIYOSHI,
TOSHINORI OKINAGA, TETSU TAKAHASHI,
TATSUJI NISHIHARA: Mechanical stress
inhibits osteoclast differentiation
through noncanonical Wnt pathway. 89
General Session & Exhibition of the
IADR, San Diego, United States, March
16-19, 2011.

TOSHINORI OKINAGA, WATARU ARIYOSHI,
TATSUJI NISHIHARA: The role of SOCS in
periodontal bacterium—infected
macrophages. 89" General Session &
Exhibition of the IADR, San Diego,
United States, March 16-19, 2011.
MASANOBU TAKAO, TOSHINORI OKINAGA,
WATARU ARIYOSHI, KENJIRO IWANAGA,
MANABU  HABU, KAZUHIRO  TOMINAGA,
TATSUJI NISHIHARA: Induction of HO-1
by mechanical stretch in synovial
cells. 89"  General Session &
Exhibition of the IADR, San Diego,
United States, March 16-19, 2011.
WATARU ARIOSHI, TOSHINORI OKINAGA,
TATSUJI NISHIHARA: Hyaluronan
oligosaccharide up-regulate
aggrecanase expression and function.
89'" General Session & Exhibition of the
IADR, San Diego, United States, March
16-19, 2011.

() G 31F)

@

@

A& W MOKEHL, PEEER, ES
W, A FUBERRIE o JE R A3 B D A 4
JE&YWE, 2010, 90-95

PERGER, KA, B W, s
AN wEhwE R GRS, O
DR L 2H OREE OENMEIC X D
5. 2011, 20-26

H LR, A5 W /AT vRVR

BRSSO DAIR &R, 2012,
55-62

(PESEIA PEHE)
OIREL (G0 1)

OBtk (0 1)

(£ Dfh)
R FIE e L

6. WFEHLAE

(D AFZERFEH

A ¥ (ARIYOSHI WATARU)
TUMIBE BRI « B2 - HeBoz
WFFe# 377+ 40405551

(2) Ty
L

(3) HHEIFFT
L



