Figure 2 Histological features of fracture healing in mouse ribs. Photomicrographs show the healing
process on davs 2 (A}, 8 (B}, 14 (C) and 20 (D) after the fraciure. Sections were stained
with safranin Q. Specific regions are indicated as follows : ms, muscle ; po, periosteum ;
h, hematoma : he, zone of hypertrophic chondrocyles ; pe, zone of proliferating chondrocytes ;

Th, trabecular bene. Bar = 200mm.
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Figure 3 The expression of CTGF/Hces24 mRNA in fractured mouse ribs. Photomicrographs show
the expression of CTGF/Hes24 mRNA on davs 2 (A, B), 8 (C), 14 (D. F), and 20 (E)
after the fracture. Sections do not continue on from those in Figure 1. Sections were
hybridized with CTGF/Hes24 antisense probes (A-E) or sense probes (F). (A) No signal
was detected in periosteal cells far from the fracture site on day 2. (B} Moderate signal
was delected in periosteal cells in the vicinity of the fracture sile on day 2. (C) Strong
signal was detected in hypertrophic chondrocytes and moderate signal in proliferating
chondrocytes and weak signal in vascular endothelial cells in the callus on day 8. (D)
Strong signal in hypertrophic chondrocytes and moderate signal in active osteoblasts in
the regions of intramembranous ossification on day 14 (E) Weak signal was detecled
in hypertrophic chondrocyles and proliferating chondrocytes on day 20.  (F) Sense probes
detected no signal in any of the cells at the fracture site. Specific regions are indicated
as follows: po, periosteal cells ; he, zone of hypertrophic chondrocytes ; pe, zone of
proliferating chondrocytes ; Th, trabecular hone : ec, vascular endothelial cells in the callus ;
ob, active osteoblasts, Bar = 50mm,
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Figure 4 The localization of CTGF/Hcs24 in fractured mouse ribs. Photomicrographs show the
localization of CTGF/HMcs24 on days 2 (A, B), 8 (C), 14 (D), 20 (E), and the negative
control on 14 day (F) after the fracture. Sections were stained with anti-CTGF/Hes24
antibodies (E} and nonimmune rabbit IgG (F). Scctions do not continue on from those
in Figure 1. (A) No signal was detected in periosteal cells in the area far from the {racture
gite on day 2. (B} Weak signal was detected in periosteal cells near the fracture sile
on day 2. {C) Strong signal was detected in hypertrophic chondrocytes in the regions
of regenerating cartilage and moderate signal in proliferating chondrocytles and vascular
endothelial cells in the callus on day 8. (D} Strong signal was detected in hypertrophic
chondrocytes and moderate signal in proliferating chondrocytes on day 14, (E) Weak
signal was detected in proliferating chondrocytes and moderate signal in hypertrophic
chondrocytes on day 20. (F} No signal was detected. Specific regions are indicated as
follows : po, periosteal cells ; he, zone of hypertrophic chondrocytes ; pe, zone of proliferating
chondrocyles ; Th, trabecular bone ; ec, vascular endothelial cells in the callus. Bar = 50 mm.
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T4, FE, smalPG THLH T a0 a7 &
S Rtypel, 11, I, VI, XIVcollgen iz a4 5

ZEBBEEINSTY EAEBE, N R
A F - FiE: E 75 collagen IZfEST A 2 & &Y
L, e SsEOERz A FUoHBEO N
A A AEED type V collgen IZFEET D 2 & & H
WL, 2ok, FaVe, AT TRD
£ 9 PGiL= 7 — 4 R ofi, ZE, BRI
BET 5 LE 2 5N CnA0, PG L HMERH#EOM
AR LD S A0 TURYy,

TF RAF IR I T EASTH O, R
A4 T & A desmosine (DES), Isodemosine
(ISDES), Necodesmosine (NEQ) 7 oMo 7
T/MCLY, REMOGEER Y U7 2T
LTwa™e & BAMEBIT & 5% T,
elastogenesis {ZRBWTZ Y a3 2 51 I o
7% microfibril (= B-54 % pTREMEASHE St ¥
BT, RELRERIEREMAGESSTIZL - T,
il RIEEI#S O decorin & biglycan 43 tropoelastin
WCAHEBBEA G S SR INTHD Y, L
L, FOEME, FEBEOED VI OWTEY
B DT IR TRy,

TOMmIIEWT, £ FEBMHEROECMIC BT D



PGs L7 RF Ol EERG S 7 &g
N A =2 L THEET 5, Wi, Sy
KOVEBEEIRAZ i Dl F ORSHEOR VRIS S -
EERFLFL, FORCWEELOBIRT 552 E5R
75,

[Materials and Methods]

Chemicals

DEAE-Sephacel, Sepharose CL-4B, and
Octyl-Sepharose CL-4B, and electrophoresis
calibration kit were purchased from Pharmacia
LKB Bictechnology Inc. {(Uppsala, Sweden)., A
research grade sensor chip CMS5, amine coupling
kit containing A hydroxysuccinimide (NHS),
N-ethyl-N-(3dimethylaminopropyl)
-carbodiimide  hydrochloride  (EDC), 1M
ethanolamine hydrochloride adjusted to pH 8.5
with NaQOH and HBSEP buffer, pH 74
containing 10mM HEPES, 150mM NaCl, 3.4mM
EDTA and 0.005 % surfactant P20 +X, Pharmacia
Biosensor AB (Uppsala, Sweden) 7 hLlEASH
7= Anti-human decorin antibody (PG-40) i
Gibeo (Grand Island, NY) /B HA X/,
Desmosine and Isodesmosine {1 Elastin Products
Co. {Owengville, MQ) 2 5HASH7-, Actinase
E i Kaken Pharmaccutical Co., (Tokvo, Japan)
b A E N -, Condroitinase ABC (from
Proteus vulgaris), Hyalurcnic acid (HA, from
human umbilical cord, average molecular weight
900k), chondroitin 4-sulfate (Ch4S, from whale

cartilage, average molecular weight 34k),
chondreoitin  6-sulfate  (ChBS, from shark
cartilage, average molecular weight 64k),
chondreitin - sulfate D (ChS-D, from shark
cartilage, average molecular weight 54k},
chondroitin  sulfate E (ChS-E, from squid
cartilage, average molecular weight 70k),

dermatan sulfate (DS, from pig skin, average
molecular weight 32k), and heparan sulfate
(HS, from bovine kidney, average molecular
weight 28k) it Seikagaku Kogyvo Co. (Tokyo,
Japan). Heparin (HP, from porcine intestinal
mucesa, average molecular weight 19k) %
Sigma Chernical Co. (St Louis, MQ) 751554
7=,

b hEE AR (Ligamentum flavum, LF)
(100g) (1304) ROE{LELME (OYL) (5g)
(64) 1, BERETRAIAE JARIE, S RIM T Laesie bl
AT P BB L i & 7 L B ) &
hic, ZCOBELVA 7 r—AFar vy M
B, BT 10 1500 B 80 14T, SUkIZ BRI+ 5
£ T— 80 CTRAFLTE,

Preparation of proteoglycans

PG X%, Sajera and Hascal @ F 121t - T
R D 177z ', EICIZLUF oMWY ©h 5,
LF 78 A A Tl 4] & 1, Physcotron (Niti-on,
Funabashi, Japan) # RV TiliREHE TIOBES
N, ZEBF b AF 77— (2:]1) CHEEh
T ORI L O T T 470 I o,
protease  inhibitors (10mM  EDTA, 10mM
N-ethylmaleimide, 5 mM benzamidine-HCl, 1 mM
phenyl-methansulfonyl! flucride) % &¢e 1035 &
4M guanidine-HCl in 50mM sodium acetate
buffer, pHG5.8 (solution A) T, 4°C T 24K
FREn, fHEEDR L, HrasA4 20 b m
agE L,

Separation of proteoglycans

HMra74 27U hrmai, Bt aicky
145g/ml [ZAMEE &, HaE.D (228,000xg, 4 °C,
T2H%R) #£12 1 fraction i 500 p 143 ENL &4, &~
D fraction OV o AEEHRE NSNS VR P,
&8y HEE Bradford t: ™Iz LA MEIC LD,
TaFA SN e EFlel s A B L, T OEK
 7M urea in 50mM Tris-HCl buffer, pH 7.2

(solution A & B 0> protease inhibitors 545}

(solution B) (%t L 4°CT 72 K& L1z, B
#, %7 i DEAE-Sephacel column (3.3 X
500cm) 2Lk b1 A ratibn (Fig 1A),
solution B 12 L% NaCl &M E QR (0 —
1.OM) (2 X 0iEig, B, — LB 4y A B
L, 7urAt7Uarmsyé LTxs / — A iikis
WA ONR L, BERENZ a7 A7) A sy
I 2M guanidine-HCI in 50 mM sodium acetate
buffer, pH 5.8 [Z##E & +1, Octyl-Sepharose CL-4B
column (24 X 100cm) (27 77 4 &, 2h%
2—6M guanidine-HCI/50mM sodium acetate
buffer, pH58 i L A E#HMNEEQRIC LV EHL
7= (Fig. 1B)*, ZOfEER, #43 — v igitEsy &
LTL2ORMPGEIDOHNRPGHYEY—7RNAE



i, FNERAREAKIC LB, EabwgL,
SDS-PAGE, ®fFifaiE, NRIN7 = / BRECHIMRINRIC
£ B PEDHH

%/ PG o[BS, H B DAl & Rk
SDS-PAGE, Western blotting immunoassay & (8
N# M7 2 /BRI G L > TiThhi,

SDS-PAGE — FF b+ b Y 2 A-FRU 7 7
g7 2 K FERKE (SDSPAGE) I
Rosenberg &0 FikIC L - TiThii 29, 4 C,
200V T 4 HE, 5— 20 % acrylamide gradient
slab gel 1235, T SDS-PAGE #f1bhhiz, it
Fisher & ) FiE*2 12 L - T Coomassie brilliant
blue R-250 Cirfa 3 i, #OFER, v¥—27 2, 3k
70k—95k, '— 7 41X 180 k— 200Kk iz K&
L, #NFN3+PG1l, PG-2, PG-3 L L7~ (data
not shown),

Western blotting immunoassay —#ik b5 =2
Hi{d A BV vz Western blotting immunoassay (.
Towbin et al. DB » TIThR 2, ik +7
2 Y vhifkiZ Roughle HIC L HFET, & Mz
YD CRBMSTF FTCRESNZTVFXFLOVES
o, FORR, PG-lidfie b7 = U UHRIZEDE
A LT2DY, PG-2 RURPG-3 IR &R E e -aTr

{(datanot shown), “fiz k¥, PGlixsal
T Y, PG2RUPG3RThE T DT 7
O BT LI DRI,

NFWT I /BEIIRG— 707 A7) DN
sk 3 BRAOFIARHT A Applied Biosystems 492
Protein Sequencer &M\ TiTionic, TORR,
PG-1, 273k b5 =) 0 DEASGIGPEV &, PG-3
Mg 7Y #DDEEASGAD & — L%, Zh
Ik, b FEAERIZIIIEN/NIPGRERT D
Z LA E Ao, PGl decorin THh B, PG-3
ttbiglvean T o7z, HiZ, decorin &id= 7 # -
237 @ CHRERD B D PG-2 A L BN S
n PG ¥R, RO T X a7 I B
e W T BT L, Zh# decorinsubtype E#RL
P

Separation and Analysis of o -Elastin
LF X T'OYL £ v, Lansing & O FEIZEN,
R Z AF kB L, R IZLUE O Y
T A, LFETFOYLIX 0.1 M NaOH % T, 98°C,
SO ¥ 2 oi— b AR, LB T T
AF & LTHI T, £ DHEMIT025M Iy =

TEETRIR Y & B0, 98°C, IBRA v F ot &
., FORENE 5% o -elastin & U TRIY LA,

o -elastinjZHFn s, BiE#HERInT,

o -Elastin i, 6N HCE &\ T 110°CT 24 e,

KAy #et%, B 7 2/ Bk 4rdrds (automatic amino
acid analvzer model JL.C-300 ; BA&E ) 2T
Mra&dvf, ¥, o -elastin OSFEEZMET H7-
&y, iRk U7 SDS-PAGE H T4 7,

HPLC analysis of crosslinking amino acids from
human yel low |igament
s 2/ gy, HPLC (Ultrasphere ODS,

Beckman) (46 mm X 25cm) (2 LT, Watanabe
HOFFCHELTHE S ®, LF U OYL i
1M NaCliik T48h, 4 CIziFtEXHh, FTDOH3I%
phenol &€ 6N HCI, 48h, 110°CTMAME S
7o AR SR PESI SR AIC A &, HPLCIZ K Y
20mM SDS & & T 01M phosphate
buffer-acetonitrile (5: 1, v/v), pH 3.9, ¥ &
1.0 ml/min TEEH & 4viz, B, UV LD, £48
BT I /o RmXHE (DES, A=
263 nm;:ISDES, A =278nm;NEO, A = 270nm)
THRE & fLiz,

Surface plasmon resonance (SPR) (=& 454k
AT 7 2 F L~ PGs OFE &ML, BlAcore
2000 instrumentation Z{#H L THRE /-2, =
I E M OREARIGIZ L v, Surface plasmon
resonance OEBEL, FOELD resonance
units (RU) & LTHEGIZZENE, 01° OfAK
{1000 RU &iz—F L, # Ing/mm* &>t
- REOBEEICHELY L, o Elastin (100
« g/mlin 10 mM sodium acetate buffer, pH 4.0)
iZ, manual inject iz £ ¥ CM-5 sensor chips
(sensor RHIZHNLRF T AFNTHR LT A0
coat S TWa) (s Eh (25 °C, flow
rate 10 g I/min), EEL LV~ EME MO
o, BiEEFE/LEDOK 1000 RU L L&, PGs X
HBS-EP buffer iZ##7 &40 (0.13—24 u M), flow
rate 10 I/min T sensor F M| 179K X h =,
Running buffer ¢ response At baseline & U Tk
B, FLT O response (32 72 baseline (2B L
T AL, Sensor OFRMEILFR % ORI T %
7. 1.4M NaCl A5 ¢ HBS buffer THA Shi, &
EEEIRNTOARnF » 7RO BSA CTREER S
F o TFHFHREPN SRR T L0 br—



Ak LTHER &7z, Kinetic constants 13,
manufacturer’s instructions (BlAevaluation
software version 3.0) (2751 :1 model A +
B = AB T3S Lo f5A R & SEBE B o0 JERUR AR
ik - THBE IR,

[Results]

PGs D4 B - ¥EH
BNGOFECEREENA, column size ¥ K&

< L7z Octyl-Sepharose CL-4B @ikt 7 < r &7
FTA—E—ERITT L EICLD, LEDL 1D
KB PG L3208 PG BTSN,
SDS-PAGE, fufEgf, NERET I 7 BBEA ST
4 9, Peak 113z XM PG, Peak 2/ decorin, Peak
3 ¥ decorin-subtype Peak 4% biglycan C# % &
R En,

o -Elastin DB R U a4
SDS-PAGE iz X 0, == LF R OYL @
a -elastin 239 7 H -1 X 60k — 85k M KT
Uic. E70, 73 7B X0 mE & bl
IZHE &N T D o -elastin GD%FUE& L,

SPRIZ & S fE4T

LFizB8 2 KB CGAAPGs &, LF ®
a -elastin & OSSR, RIT T XT3 So
ZE 4 — (SPR) % v THIE & h-, Sensor chip
FMIZ o -elastin Z@E{L L, % PGs % inject 75
ZEICLOEENTET o, BEbEh

o -elastin C&3HEMEBTA2HE L2 SLHITHEN
WE, MR LI RUMB LA L, ZoflEiEs
AR RESRWEICED S & RU MBHFRICIE T4
A, Z®baseline k 0 RUM LRSS EHEOIRE
oY, TOLICLTIThhizfE, AR PG &
e -elastin & OFAHEIIRDH LA o7, Ll,
A PGs ¢ ¥ % decorin, decorin-subtype,
biglycan i, BEKIFENIZ o elastin & OFESH:A
s Bz,

wIZ, a -elastiniZx 4 2 PGs 4+ O§5 & 5L
NS DI, PGs & chondroitinase ABCIZ
LWL GAG S EREZ® =7 & 237 llowt
5 o -elastin & OMAMERE L, FOME,
chondroitinase ABC {4 1k % @ large PG & «
elastin & OFSHIERD LRG0, 3 D
small PGs & o -elastin & DfE& VDB K TTAIC
B e, Thbt, small PGsdD a7 4 o3y

Al o -elastin & OFEEGHHER SN, — 7%, PGs %
pronase iZ £ ¥ #ilki%, GAG B L o -elastin OFE
EHERE L2, Hatailebhinhot, £
7=, HA, Ch4S, Ch6S, DS, ChS-D, ChSE, HS,
Hep(0.25 mM—10mM) & o -elastin & DS %
HIEL7h, #EERFEELEro, o T,
elastin & GAG B8 I I BB GPEIIETE L 7o
Lok llioht,

a -elastin iZ%4° % 3 #i small PGs O#5&H: O
FAE & 5~ 5 7o s o kinetics 2R D - iz, fig
Mt B (Kd) 25 1E 2 hiz, £ of %, biglycan (1.0
X 107"M} & a -elastin @AM, decorin (04
X 1075M), decorinsubtype (0.1 X 1O ""M) L ¥
6 1/10— 1/4{Fi2 K- -, Z i, biglycanid 2
KOV a3 ) U h o (GAG) #Hh,
decorin & UF decorinsubtype £ ¥ &+ 4 F 2
Fy—URNENED, B —FliozrRx
AFNFHALNT A EORBEERIZLD, et
KT L7 E% % 57z, Chondroitinase ABC i1k
& D% small PGs core protein & o -elastin & OfF
GHEIEELERETH -7, »F 0, SIPGITIx
'717‘.‘/&:?3”_, iﬂil‘]ﬁ@ﬂm W’i’ﬁ\"‘f&%/f_ﬁ)
ni=,

Wiz, LF XU OYL tZ8it % o -elastin & small
PG & OEFEEMEOZFE WIS W THRE L7, Small PGs
& OYL @ « -elastin & @35S HEREIE SR,
LF{Zt# L, OYL @ o -elastin & CSEHEIMETF L
72o OYL O o -elastin {23 2/ 8 PGs D& A 1T
LFiZtk#& L, decorin i3 1/6 £, decorin-subtype i
1/154%, biglycani® 1/6 452 {E T L Tu i (’I‘able
3). OYLZE1 B « -elastin & small PGs & O 4
LT LERENEF~572, elastic fiber L#—F
AORBESZERTHT I /BERE L,

WIE7 I/ BOW

Reversed phase column (Ultarsphere, ODS)
MW HPLC 9T - 1o d5 R, BB T 2 /B L
LT3 20 —78@DHLNT, Ehbid,
standarad OFELNED S M. Watanabe 52 k-
TH 4 S T3 Desmosine, Isodesmosine,
Neodesmosine & [\ & & h 7=, %+ ® 1 T,
Neodesmosine #% LF {2tk L OYL i BWCHE
LTz (P<005), 202 E0h, PGORE
THEICEEBERT 2 /BETHA NEO BE LT
B ERTHEINE,



[B%]

Hall, & FEAMENGABEOPCRFa-5
AF R, IRPGS Lo -=F XAFNDEH
% SPRIZ L - TilbWA L7z, B A L 72 PGs
i, Few ¥ R A R O PGS T, T
Yo, Fal T a7, A7 o TChaic,
FOFEE AT, GAGEFSERITIEZR L, a7 7 8
T L,

INETOWE T, GAG B MR ORI
WE4 5 ENMESh T, St =

TESTHDHTT AT AL PG OaT # 37 Ak
HTAZLICLoC, HWHEREEEHEEENL WA
TREMEAVRIEE AT, BiZ, T SO S L REE
EHIZ L -~ TS L 7=, Whole PGs & « -elastin &
DFEESYHTIZE T, decorin and decorin-subtype
(ZEedz L, biglycan Of§GMES R 2, AU,
GAGS DA FTATEN A F VA TREND L
e, Tt —F o 7RO DNAFRRL AF LT X
AT BB URRABEL, A7 TV o
ErhTeEnEEEZ LN, o Fag T —
FABCHHEZ D small PGshaFP # o2 b g -
T AF L OFEAMNE, 3TEOPGs BT, T
Hoto, 2FEV, b FHRAWHIZEHITD IO
PGs i, #8880 B W TRA A% JUHATEZE
TAHZERTRBEEINT, —F T, chondroitinase
ABC ¥4k > 380 small PGs & o -elastin & OfE
S fEA whole small PGs & b L CTEdo 7, Z 0
WRIZENT, B —REICHILRR A F T
FR T URBHRERET B0 T ANTEORE
TPGs b a-TTF AT L DFEGIILEIND L&
LT, GAGEHA R ET 2 Z 2o L - THAME
PET L7=Did, GAGHEHAHEES LW A PG 2K
DEELEECHL EE 2T,

Fxld, FIZLF XTFOYL @ o -elastin iz w45
PGs L O#i&MEEMAT L7, FORE, OYL ©
« -elastin {Zxt3 % small PGs OS5 #EANMET L
1= Z OEEA T T 578, LF R UCOYL IR 5
o -elastin @7 I/ BEHAcE T LA, mEIE
E—E L T, £ 7T, elastic fiber (24578 O 486
HoxdEkd a7 I JERIER Li-, WM T LR
Huwvwio HPLC T, ZhbO7 I /B RE L
B, DES, [SDESKEUINEO && 2 B H 307 2
NS B, i, OYLIZBITANEOM, LF
CERE L, HEIZIET L Tuwvz, NEOL, ISDES ¢
BT AF AL T, XEFALTATE R
BELTHLBEENTEY Y, ik TiZ s A

FIE{L L 7zudy, NEO/DES + ISDES [X b d s n 1
ntatgilancnsd, gFleatalifiosnT
NEQ 280 LT D DL, NEO M{EfE % elastic
fiber OMEFFIIRME Y SEEH VLT ADREF D
F DB ERME S N NEQ S REEE S T Lz ds,
ISDES @7 ¥ LG abiE ClHE IR
NEOBEEA SR~ B E L ERD, Zhb

ZEME, OYL® e -elastin (23T small PGs
OFEEHEMET L0, REHESEKRT I/ Bo
A X 0, elastic fiber O 3WTmEE SR v h 17—
THICA S D Bl E T, A PG O SMHEMME
TLELEEZLNA,

LA, Takeda & 3% K OB LENE O3/ GAG
MDSECSTHAZLEEWME U, £7-, Narita b
[T F BN Re A F LY o
Fadx 73484 FEOEREnT e, T
A REEE A uﬂ%/?/\ébf o uaaﬂﬁ”/’m
HHRibe BT ASeEErAEL L ERE
% afEn, DSPGT&) AN PGs O, 'ﬁ'
1K%1&Lé*‘¢é EEZLND,

ABFRUZ BT, HERHEORET I T
L, I?X?/mdﬂtmﬁﬁ&fﬁ‘/ =2 AL

o0, TOEOHINRPGHREAT S 2 & T, g
MEE TG EICH M D ol et At X h
7=,
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Table 1 Tissue samples used in this study
Non-OPLL OPLL
Diagnosis Gender Age Tissue Diagnosis Gender Age Tissue
CSM Female 56 PLL OPLL Male S0 LF
CSM Male 39 LF OPLL, OYL Male 70 LF
OPLL Female 55 ISL

OPLL, ossification of the posterior longitudinal ligament; OYL, ossification of
the ligamentum flavum; CSM, cervical spondylotic myelopathy; LF, ligamentum
flavum: ISL. interspinous licament: PLL. posterior longitudinal licament.
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Table 2 Relative composition of MU-GAG from spinal ligament cells

ADI-08

Non-OPLL celt 29.7%

OPLL cell 34.3%

ADI-4S ADI-6S
37.9% 32.4%
28.9% 36.9%
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