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HERIBRZS MR IR 3 2 R 3 L OV A M5 13, TE B IR d X OUEEIRE 2 10
QOL DR T Z 47 < 72, £ DR EE T E 36 L OBREAHEBIC B W TEEH I LTV D,
A XOHERR~V =7 1%, HERROZEMARRIZ IS T Hansen T 1 & AN B S LD,
Hansen I AUHZA X, —MXIZ 32000 7 ikl DR B4 RFE (Chondrodystrophoid Breeds :
CDBs) TZ < @& H AL, MR L UMAIKAL U 7= HERIABEE D FAEE ~ Dl 2 Fri & 5.
Hansen IT/RYGZEIZ 6 725 8 ikl DIF#RE BREMERTETL <R B, Mk O [~
TP RS 2 @R 2 BE 0 A e E 2 R & T2,

MERTAR M XA 23 1 D 7 e 74 77U 1 2% KO Type 2 collagen (Col2AL) Db
RS L, K EAEOWED 25 (Antoniou, J.5,1996; Oegema, TR. 5, 1993), = &%
b BRI AR AT FR M & 4R R B e o> 2 B O MM CTRERL SAL, 241D o 2 FHO MM
R CH Y | el &P L 72 EA R L, i Tk &R ML s S o
TU T AZ =% LT\ 5 (Horer, HA. 5, 2002) , 3 SR HIARIZ 06 PR32 28, P8
D OREITBMFEIC L > TRARY | S DIITERMIROB/D B EMOHEST L BRI Z R &

STV (Braund, KG. 5. 1975; Hansen, HJ. 5. 1952), iz 1%, 74U #¥, Iv b B



X ORI LR M R FE O B I RN A E(F/ET D (Aguiar, DJ. 5.1999; Gage, ED.

5,1975), L2 L. b k. ¥ L CDBs TITHBUTEE L, BrHERCE MR IR E AN i

LTLZE S (Braund, KG.5. 1975; Oegema, TR, Jr. 5. 2002)

CDBs OHEFIMBERZIZ RN EVED PR T D03, Ak L2723 L TEMENETL TV D

Z &b dHD (Braund, KG. 5. 1975; Hansen, HJ. ©. 1952 ; Gage, ED.%.1975), —f%Hi2i% 3 »»

B 7 IR 30U TRE 2 E N BIC R U 72BN Z 0 | HERIBR A~ L =7 D

BRI 5 (Priester WA. 1976 ; Gage, ED.%.1975), Z @ X 9 /2B /)5 CDBs OHEfH]

BRI E S e b OMERBRBER: S L TR0 . REDOREMEHOZOET LEm L L

ThiELTCWD EEZBNDHA (Cappello, R. 5. 2006; Sakai, D.%.2009) ., HERIMRZEMIZ IS 1T

D53 FHEMFN IR A T = X BITRIEARAIRER L,

CDBs O#tZ M I 1T L 53 1 MR 2 fRIA 4 2 56 . Bl 2 O 7o a3k i

WCHEERFEOOES LD, L UM R RIFIC L > T B b BE 2588

L. SHIITEFEMWREIC L > THEbRs&E S35 (Chou, Al.©. 2006; Gruber, HE.

%.2000; Hutton, WC. &.1999; Wang, JY.%.2001),

Ref 40k & 1%, agarose hydrogels <° alginate hydrogels %5 % f\ 7= = kot iE<e, & L<

(TR 7 PG 2 A 2 f5 9723, 45 hydrogels & i\ 7o IR IEIL, € O scaffold PN

THEE SN DBE D EMRE & LU L7 RETH D & s X4 T % (Gruber, HE.

©.2000; Hutton, WC. ©.1999; Wang, JY.%.2001 ), il 213, F O %A a % alginate hydrogels


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Wang%20JY%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Wang%20JY%22%5BAuthor%5D

t, L < I collagen gel 2 fWC =WRochs#E L7268, BHERE LKL T, YueT74 27070
Y OREABEDREEINT 5 &0 9 WENFET S (Horner, HAL 5. 2002), & b IZ I3z 4 H
J&TH:ER L7-5E . BRI M & BEEEIaAR O E IR L T 5 LA

S TWS (Gruber, HE. %.2000; Hutton, WC. ©.1999; Wang, JY.%.2001 ), L7»L—F TK
DOEERZHIRLIL alginate hydrogels 2 AW T =—kockifE 4 i L7 & LTH, BERE Lo s
FHANIED LN ERESIN TS (Wang, JY.5.2001), Z D X 5 ICKFEREES T

BT, SESEREMREOBZAIILORZBVZ SOV T OGN STV %23, CDBs i

ROBERZMNIZ 31T 58528 OR BRI EE U TIIRIEHE Sy, CDBs OffitZMiflaiL, &

<]

SRAIL S BHNCHA T 2 8000, OB HE & Hefg LT b OBERMIa & TRE 2 EEL L T
BOETAEME L THRETHLEZEZONTVD R, KERREFEORFNEEND

(Cappello, R.%. 2006; Sakai, D.%>.2009), LA R &k 0 Fxix, & 3 FEIZFV T agarose
hydrogels %z i\ 7o =k e 36 L O HLER 2R N2 1T % CDBs HSRBEEZ M 0 2 BIR D HE
B2 IR L, Fol R m R ORE X 1T 2 72,

EiRkodi@ v CDBs Tl RIS HERI R BERZ DA Z 0 | HERMIH~ L =7 RIEDFIA & 72
% (Braund, KG. 5. 1975; Hansen, HJ. &. 1952 ; Gage, ED. %.1975), 4, CDB (23517 % HEH]
AV =TT Dk 2 IRIGRIEN B RSN TN 508, HERRBERZANEIZ 31T A B

RSN S N PAY /A AN


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Wang%20JY%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Wang%20JY%22%5BAuthor%5D

HEFIARBEEZ TIZZEMEDBR TN T, 3 fifEESE T d % matrix metalloproteinases (MMPs) ™
FEHLANTLEE L, Type 2 collagen (Col2A1) < aggrecan (ACAN)ZE DAHfasEE O 4 i H3 it =
ZHZT ENHEINTWS (Le Maitre, CL. 5. 2007; Le Maitre, CL. %. 2006; Le Maitre, CL. &.
2004; Haro, H. ©.2000), ZiL5H? 9 5 MMP13 (% Col2Al A R RANIC iR T DEEETH |
HERIAAPEIC B Ao E 2 =3 & ST g (Itoh, H. 5. 2012), 20 MMP13 D EL 4 3%
E94 5K D—-> & LT Runt-related transcription factor 2 (Runx2)23 2817 5415, Runx2 |3F
AL Db &M ORI ZRE LEEREFET L2EERFOOES2THY

(Enomoto, H. %. 2000 : Komori, T.%. 2005 : Zheng, Q. 5. 2003) . &5 #fit: (A ML g oYy
BRERE LY o> Runxl 21X LHETHRUNX D7 7 X U —#E{sFTHo  (Ducy, P.
%.1997 ; Otto, F. . 1997; Trancey, WD. ©.2000) , = ¢ Runx2 IZHEFIARZEMIZ BV T H MMP13
OFBRAFHFEL, S OIIIREZMIDOIE R AL IEE O Ak 2R+ 5 5%, HE &
FaFro Z L3 07ro T D (Itoh, H.5.2012), & 51220 Runx2 (T TEA OEERIZ I
T Wnt/B-catenin signal |2 & > THE I LTV D 2 & S Tu% (Gaur, T. 5.2006; Dong,
YF. 5. 2006),

Wnt/B-catenin signal pathway (23517 5 U 2 RTdh 5 Wnt 1E, 251858 4 J7 O3 U &
YNJET, MR Ta vV a UNTLHAIBICED F TAPHABE X TRIFS L, 4
WIRAERICRETRK, B, AR OHIRLOEEGE - /3L - EB) 72 £ 2 6l#3 5 (Logan, C.Y.

5.2004) ., Wnt ®U T2 RIZk v, IHH b D /MAN S 7 F I sEERE 2 Wit signal

4



pathway & FE5723%, Z4LIZiE B-catenin %41 L CHE{s I B 2 HilfH 3 5 B-catenin #% &

(Wnt/B-catenin signal pathway) . #fific Vg% (planar cell polarity, PCP) % #ilf#15-2% PCP #%
# (Wnt/PCP pathway), Ca’*dliapNEh S % EiE+ % Ca® f&# (Wnt/ Ca® Pathway) > 3 fif
HREET 2 2 &ENbhro T (Kikuchi, A.5.2007), 209 bigb LB TNDHD
73 Wnt/B-catenin signal pathway T& %,

B-catenin 1L R~V UG & LRy e UCHRE S, MlaEas I CEE o) & 23 253,
Wnt signal pathway ® A7 4 =—% —& U CREEFRBELAZFHE L, ZOREE, Wnt/B-catenin
signal pathway (i e O ¥EFEC53 b A il % (Kikuchi, A. 5.2007)

INETICUH L FELTO Wt ik b &~ 2T 19 fF@EFEE S TEHY (Logan, C.Y.
5.2004) . Wnt 7R E LTI 7 BIREERO Fz (Fz1~10 o 10 i) (AT, 1[E)H
E#% o low density lipoprotein receptor-related protein 5 (LRP5). LRP6, receptor tyrosine
kinase-like orphan receptor2 (Ror2) . related tyrosine kinase orphan receptor (Ryk) MfF(£9 %

(Kikuchi, A.%.2007; He, X.%.2004; Wang, HY.%. 2006; Green, JL. %. 2008),

Wat/B-catenin signal pathway o B ZL 224K D—-> & LT, APC/AXIN/GSK-3B G {A73
ZIF b, APCIAXINIGSK-3B B AR TAIIRE NIZ U\ T B-catenin DV U iR{bis LOVR Y
X F A BERZ T EGIRTH LN, TOEEGEREMERT D2 R ED
W15 F1T gate keeper gene & FEITHL, Fix Db MIBITDHNATHE 37 O RENHE S

LT % (Polakis, P. 5. 2000) , HFlZ KA ATk Wnt/B-catenin signal pathway D543 %



BBEENADOMICE D Z LRI TWD, T8 DM Ao 3 o £ BRI

B-catenin DOHIFLE CHE~DREER TH Y | cyclin D1 ° c-Myc 72 £ DA AR5 1 Dl

FIFRHE AN L CRE M AZFETLEE20N1 5, Axin ODEFICEY ., APC %

B-catenin, GSK-3B & DEAIANIZEK TE /W22, B-catenin @ U U iR{ECox B % F 1k

DI S AL, OFER B-catenin NEFET H B 2 HALTW S (Polakis, P. 5. 2000)

ok oic, BABEERF L LTER S, SOICHBRICEWTH HERKE %

55 Wnt/B-catenin signal T& %723, ZTEMEREAHIE (Osteoarthritis : OA) DOFEJIEIZI T

592 @A SN TREY, OA OUEMIAL CTIX B-catenin DZEFREHHETT L Col2A1 X° ACAN

DPFEABMETT5Z 3 bh> T (Yuasa, T. ©.2008),

Z @ Wnt/B-catenin signal [ZHEFIRBERZ ICIB W THRELL Tl 0 | B OZ M- B E 2 4% E]

ZoRTEHIE SN TWD (Smolders, LA. 5. 2012; Hiyama, A. 5. 2010), > V) ikt

FIZBWT, BB L OHIKIEZHE T 5 Runx2 O3B, Wnt/B-catenin signal (2 X - T

BINTWDAREENHER SN D,

PLEDOERNG, 5 4 E IR, BRI LU 2™ B3 ST

ZHH LT, Runx2 O3B % I L 7= Wnt/B-catenin signal (2 1 2 HERIBEEZ D&M E X OV IR

fBIZ DWW THRFET L 72,



2% MRAE5IRE & 7GR 2 O & B HRFm A

2-1: HE5

R RO YE R FE(CDBS) i Hansen-1 BUKERI A~V =7 23567 % (Priester WA. 1976 ;

Gage, ED..1975) , & DO BT HEFIABERZ O FHIEMENS B 5 LTV D Z E R LTV D03,

ZOMF IS TR, ERREERFE (CDBs) OB TR 1 FaF

U CTHRAMADATHE LIAD | M IR IS S b 2 2 LD, ZOFFIEIZAD

BERZAAMEICEPIL TWD EE X BN TS (Cappello, R. 5. 2006; Sakai, D..2009), ZiLw

Z . CDBs |2 N DM DIREfRIADOT- DT LB E L TGEL TS EEZ BN T

D, ZOFEFMIIRIEAALREDE,

bYW CDBs 1% 1l 21 23 U CRELZ DEMENBIMA L TV D Z & D FRITD MRI

\Z K DEMOFHINRAIR & 72D, BIEHRT M OHET & MRIIZEBT 5 T2 @i HEG O

EEMEDIR T PHBEMEEZ A5 L HESNTEY . MRIZERIT % T2 sRiHE & 2 A 788

S

M DFAM 5% & LTI Pfirrmann Grading System 78 — %A IV ST %  (Pfirrmann,

CW.%5.2001), L22LZOHEFEBHTHY, EEAFHMIE TIX W 2 ICHIEE FIC X

HAENELRTNEB X BN, In vitro [IZ31) 2 RFHC RIS 2 3 2 B8, Aok

T LT TAORIE, RRo T RA B E 03720, I IR A st RULHE DR E DS 2

RAIRTEH DN, BEEMED EBAFHEAICEE T 2 M IdoR7Z R Sh Ty,

UL O Fn B4 1%, Pfirrmann Grading System % X— 2 & LT, MRI 2>515 50 5 8k

7



DAF 558 EE D FERME 2 FI N T8 T2 70 7 BRIl A I DWW TR L7,

2-2 1 M & Jiik

2-2-1 : I

ABENZITR 12 W AROAADO =7 VR 6 HEf Lz, ~> b e X —nLF by

2% FV T (Somnopentyl (50 mg/kg); Kyoritsu Seiyaku Corporation, Tokyo, Japan) JFrEE

# . Signa EXCITE 3.0 T (GEHealthcare Japan, Tokyo, Japan) % F\ T, SAHER L OV

HEIZH 1T 5 MRI, T2 S8R OERY 21T~ 7=, £ 572 H{48 1% Image J soft ware (NIH,

Bethesda, Maryland, USA) ZfiH L. {E55E DM 21T -7, MRI DI &b o7

. C2-376 L6-7 £ CORMEBIMBI Z 80 LT-,

£l BMEUHERIRBER & LT, MR~V =T ICREB LI =F a7 - ¥y 72T

> & (MD) X0 Rl S - HERIBE (Herniated nucleus pulposus ; HNP) %A

MEHIE A Uiz, HERIAR~/L =7 (2R L 72 MD 1342 15 88 19 HERH Cd 0 JEEIEENL 7.0+

25 CThoTe, ETOEFITIAEMEDS L I3EemEz 2L, HIEmERE ¥4 —T

W L ORIRGITONI b D TH S, JEFOFMAER 2-1 I L DT,

PREL S N7 Bk AR & OV HNP (XE 52 Trizol  (Life Technologies, Carlsbad, CA, USA)

BLOA% T HALLT LT E R (PFA : Sigma-Aldrich, St. Louis, MO, USA) (277 L. i

UNZALFR L 7=%. BFHIHWA ETENETNE —80CHE LN 4°CTIRIE LT,

8



2-2-2 : MRIUE SEORITER L UEHT

R Lo TE LN C2-3 05 L6-7 £ TOLHMERIHEEE: D DICOM #Eifg 1%, ApolloView
Lite Software (T & KAE) LT xL. Snipping Tool (Microsoft, Redmond, WA ,USA) %
HANTF Y 7F ¥ L, fLik+ % JPEG & L TIRIFLTZ,
13 572 JPEG BRICH T D LR DS S EOMEIL, Image J soft ware (NIH) Zff
A UITo 72, BRPOESHIE S D IERICRIT 23 22 Vg v, 1 OB S
720 8 WOKRA Y FORHFHEENER. TOFIEEZEH L, [F5REOMITICE > T
BoNTRERE ., (RS —RICHV S S Pfirrmann Grading System  (Pfirrmann, CW.
5.2001) 128D 27 L— FOHLEIRL LabE, EEMEICLD 7 V— FOBIEOHKS %
ATz, F BT RS R & AR OB OMEGR DT DIz, T END 7 L— Rl
F SN BEHRE 2 . FRRREAORENT S £ O Real-time PCR 5% IV 7238 5 78 BUARATIC &

Y FEAm L 7=,

2-2-3 : 251k Grade = & DA AT

&7 L— R Z & OB TEREU% . 4%PFA (Sigma-Aldrich, St. Louis, MO, USA) 213
L. 3HMND 4 BRENE EICIEY BERB 21T > 7o, RNTT A a—ARAB L UF Lk
Hl|Ze RN iR 3 L ONER R 4TV, 285 75 Z | (Leica Biosystems, GmbH, Germany) Z74)

ML RT 70T ay 7 w2Ek LTz, fERLTEANT 7 00Ty Z7iEI 7 b—2%H0



TR Bum O JE S 2] Latke il i 2 ERt% . A 7 A4 K27 A (Matsunami Glass Industries, Ltd.,

Osaka, Japan) (Z#t, Slide warmer b C—Wpffi S 7%, 4CTRF Lz, fE LT/ YT

7 4 UIRIELL T O G EIEIC X0 i L7e, Hematoxylin-Eosin Yuta | ZIEREBIZR 4 HAY &

L . Safranin-Offast green Yeta |3 pE/E SN Tchiifg(b 7Y a3 7 7 U o9 T v m U RED

A IEE OF A2 BAY & LiTo 72, Iz TAaKILIEE oM % B & L7= Von kossa 4e 2,

ATV, 37— UARMEO T 1X BT Type I collagen (Col1Al) Hif4(1:1000, LSL Co., Ltd,

Tokyo, Japan) ¥5 & UMt Type IT collagen (Col2A1) #1144 (1:50, Millipore-Chemicon, Billerica, MA,

USA)Z W e g et 24T o 7o, S BITRIEMEY A b 1A 23 OV MMPs ORF % B i) &

L C. #t tumor necrosis factor-alpha (TNF-a) #iif& (1:50, Bioworld Technology, Inc, MN, USA).,

Pt matrix metalloproteinase (MMP13) Hifk (1:50, R&D Systems, Inc, MN, USA) I L Ot

vascular endothelial growth factor (VEGF) #1{4(1:100, Santa Cruz Biotechnology, Inc., CA, USA)

WYt £ 47 - 7=, IR$TAR & L Tl biotinylated universal secondary antibody (1:200,

Vector Laboratories, Inc, CA, USA) % 7o, 1L IRBUIAR D SOGKFFIZEEARIZ 4°CF T 24 IRFfH

L. ZRPURICEE L TIE=IE T 20 4o E Lz, KB LI OOt F o F—E DR MAIE

VECTASTAIN ABC Standard Kit (Vector Laboratories) ¥ X U8 DAB Substrate Kit (\Vector

Laboratories) & H 7o, E7-flatzs L ORIZIEE D NNy 7 77 7 v RORtz HigE LT

A F )7 —> (Muto Pure Chemicals Co., Ltd. Tokyo, Japan) 2Kk 2Yeta%1T-7=,

10



2-2-4 1 ML V— R T L OFFENE~ — I — 3B R ORI

PREX U 72 BERZHILAR 13 TRIzol (Life Technologies, Carlshad, CA, USA)ICiZiE# ., AU b o ik

EFEVFTAY—ZANTHREL, 7 e BV A2 T, REZEIR L, B L

7= 3% 7> 5 RNeasy Mini Kit (Qiagen,GmbH, Hilden, Germany) % F\ T RNA % #iH L . 260/280

nm O E THIE L7z, fiiH L72 RNA 255 K2 K D (Super Script VILO cDNA

Synthesis Kit; Life Technologies) cDNA %A% L. CollAl, Col2A1, aggrecan (ACAN), cartilage

oligomeric matrix protein (COMP), TNF-a, MMP13 35 X () VEGF DR BLE A HIE L7z, A XFF

HWy7e 7 F A ~—I% Primer Express software, version 3.0 (Applied Biosystems) C&% &t L

Sigma-Aldrich IZ &R AKIE L 72 (£ 2-2) .

F7o BROBEFORBLEIZE LTI, WL d Kapa Sybr Fast gPCR Kits (Kapa Biosystems,

Inc., Boston, USA) I & U Stratagene Mx3000p System (Agilent Technologies Japan, Ltd.) % {ii H

L 7= real-time-PCR 7£% F\>, p-actin & 21> b —/ L & L7ZAACE (2 L 0 fif#ghT L7z,

2-2-5 : fEat IR

K7 L— R & OB 5 mRNA FEl#(Col1Al, Col2A1, TNF-a, IL-6, MMP3,

MMP13, VEGF, 35 L U' PEGS) DL#ZIZBI L CTi, Tukey-Kramer method % v 7z, #EaHF

AOFRHT I StatView 5.0 software (Abacus Concepts Inc., Berkeley, CA) % U THTV Y, p<0.05 % #F

STHEZAEDY LHE LT,

11



2-3 : flhi R

2-3-1 : MRIE il % 7= 288tz o 7 L — R ¥E

MO EERRHMIZ BP9 L LT, Image J soft ware (NIH) (2 K 515 550 E OfFEHT

MW7 L— N3 %1T > 7=, Pfirrmann Grading System & Gradel 7> Grade5 & CT® 5

BYMEFEHMIC L A7 L — R TH D0, ARFT CHWRIEZ T4 75 b DOlX Gradel 705

Grade3 % T Td » 7=, Pfirrmann Grading System (2350 C Gradel (23S 115 & DIHME 51

786 LL EZ R L., Grade2 (% 45 UL | 85 Kiifi. Grade3 1% 45 Riifiz ~dfEHR & 7eo7= (¥ 2-1

A, Eg EOFE LClE, Gradel IS N8I —lcAGBEZ 2L THB Y, Grade2

D

B3RSy BNTARAE B 2 7R IS8 B ATz, Grade3 (240 S V2Bt 3% < DG A

ERPMEESTZR L TR Y i & SRR TH -7,

F-K 7 L— RIZBIT A1E BEOFEHEIE Gradel Tid 112.25, Grade2 Tl 68.28. Grade3

Tl 3418 L7p o7z, FmahcHW =2l ko 9 6, Gradel 2358 5EIE M 61%.

Grade2 73 18%. Grade3 73 21% & 72 >7- (X 2-1B),

2-3-2 BT L — R 2 & O/ AEEA

7 L— R 13 SN /fk, 3 Z O HNP IR ARURHE ORE R, 7 L— ROBEITIC

FE D VM2 DS HERR S 7z, PRIIRIZI W T b BERZ AR D M O HETT 1T MERR T &, Gradel

12



OYZMMD > b, FEERENE LSV HOITEAEZEHTEY —RThorDIzx L, £

DOt Gradel, ¥ L Grade2 DL O #EEZFLFRIT A 4 THRRAEIEEICEL L Tz,

Safranin-O Yufa TII MO MEITIZLE 5 Yo ME DK F 23R S 4L, Von Kossa 4efa Cldfi kAL

SEIRODILR RS ST, BRAEICE MR Rr AV IS LS 5 CollAL 13 E L DR,

Grade3 33 L OV HNP CTHtEZ /R L, WY B IR RIS T BLT 5 Col2A1 ORGP EfEk I

BMEDOHELT LI Lic, RIEVEY A VA TH D TNFo BLODMHRETH S

MMP13. N 2 T VEGF 72 & O Gt fiag O B2 oM T & & 1o S iz (X 2-2),

2-3-3: M7 L— R T L OFFEAENE~ — U — BB O

ZPE & MITIEINT 5 & STV D RRHERE O~ — 1 — T3 5 Col1A1 O mRNA DO FEHL

1T Gradel OFEZHLFRICB W TIE, Mred TIRAEZ R LTV 7=, Gradel & Lhisg L., Grade3 @

BEAZ MR CHRIAEOBIMOHER S, HNP TlIEEE LT~ W rigo~—1—Thd

Col2A1 35 L 1Y ACAN @ mRNA DOIEHL &3 Gradel-3 O CIIABEEITRD Lo %

DD, HNP TIIAEIIMEZ R LT (X 2-3),

F I RIEMY A R AT D INF-a B LN IL-6 O mRNA OFRBEOEINA Grade3 T

R S, HNP TIXEEZ R LTz, Wil Th 5 MMP3 15 L O MMP13 % [FI4&IZ Grade3

DFEZIZB N THEIMLTRBY . ZOMORIEM AT 4 =—H%—TH D VFGF L PEGS

WZB L CH Grade3 OBiZICI T 2 EMD MR S - (X 2-4),
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2-4 ; E5

ARETIE MRIE 5585 D FEAIE 2 I T2 B ZEME O TE BAFHITA IS W TG L7,

O B MERTE (CDBs) O#filEZ CII/AER LELZRF-T L CERMIANHL LIk, B

FHBARAAICE S BD D Z &6, TORBIZAOHEAEICHEHE LT, LB LR

T\ % (Cappello, R.%. 2006; Sakai, D.%.2009), i1z, CDBs X A\ D#EEEZE D REfR

HOT-ODETNLVEMME L THEL TS EEZEZ BN TWAA, Eakdi@E Y CDBs IX 1 sz

W2 LU CREEOEMENBIA L TWD Z D, FRTO MRIC X 2O A AR A K &

2%,

ARIDOF & OWFHIFIIT 5 Image J soft ware (NIH) (2 X 515 558 OfigtT 2 /=7

L— RGOSR, 12 W AOE—7 VR THHIZH BT, Grade3 [0 I A8

AR N 2R D 21% HAFAE LTz, RO ZEMEIZHEIRICB W T — iR T, Gradel O

THEFRENE LS EWLDITEMAFZHOZ VIR TH Y  Z Do Gradel 38 L O Grade2,

Grade3 | % A4 CHRUERCE AR T o 72, BERZITZMEDIEFE T CollAL DREA NN LIHE L, BRHEK

FREOE 35 728 (Sive, JI. 5. 2002) ., Gradel & Grade3 OfitE TIIFHA N K& <

Wiz, ARSI CHEOLNFERICB W T, Grade3 OfRZ/EKE Tix CollAl ® mRNA D%

BENEEICHEML W, — i FiREOREE O EERIFE TH 5 Col2A1 13 L TUYACAN

D MRNA OFHEIZE L TIE, ZL— FEICB T AEEEITRD Lo T-, B0t

1T L HEIZ ColI2A1 ° ACAN D X L /87 SR 3 #4179 % 726 (Kang, JD.#.1995) . ARaHcds
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VT H Col2AL1 33 LTV ACAN D & X7 BOAL FIEER® 5107253, mMRNA OFEBL &2 7EM)

D BRI TZDIE, BE B S EMEIHENEITT 2 IE O oM 2 RIER 22 OG &

LT, MRNA OFBLDHMER SIVTWEN D TIERWINEEZ DILD,

ESBORRIZ, VIO TR E DS BRI BRI HR U 7o BERZ R & 2RI 2 L,

HFONDORERICKREREELEE 2, ELWERNGEONRL D EEZBND, DA,

CDBs O#z ZMaH WA BRITITZENME L TV WG DO 2 BIRT A ME N H 525,12 4 A

LWV EVMEKRTH > T Grade3 F TEMENHEITL TWAH DN 21% B IEET 5 2 & 035y

Molz, Grade2 [ L THERAED 18% % 5O TE Y . Gradel D4 < M L TV 7L/

FIZEED 61% T Lo T2, EMEOHEIT L T 7 W R ORIRICH 7= > T, HEAFEH

D7 VIREZ LT, WIRIZBW T HER T DB MHMICE U QIR 2, L L7

25 &, Pfirrmann’s grading system T Gradel (Z0 SN DRI ICBWVWTHHBAZEZL TS

DPFET D720, RTCERIIRTHET LI LIERARTH DL, DA, ST~ DG

L7z, MRIAE 55RO FEHME 2 T BEEZ A NE O & B rORHfivA X, #ESRIC Gradel 23 4R3

D LNAREIRIZD . AR TIETH L EEZA BN,

PEVEDHEITIC K » THA L HERBIFDOZIL, Col1AL <2 Col2Al I L T ACAN 25 o il Ak 1

B2 R ZIZE LT TIE R, BYEL7- b N ORI S FERIEEY A A v %

PEAT D EHE ST (Doita, M. 5. 1996; Jimbo, K. ©.2005; Kang, JD. ©.1995; Le,

Maitre, CL. ©.2005; Specchia, N. ©.2002; Weiler, C. ©.2005; Aota, Y. ©. 2006) , Fx D%
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FHCBWT Y, &M L7z CDBs DRIZIC L 2 RIEVEY A VA L ORIANHER SN TR,

Z X Grade3 DO#iF%I LOVHNP IZEBWTRED BTz, TNF-a X° IL-6 /X U8 & L= RIE

P A A R fREESE TH D MMPs O BLAS, Bl 2 i = L Tu 72\ Grade3 OFfR% I

BOWTHILEL TS Z b, MANTHWDHETO, FRTOBENNEETH D Z &R

i,
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2-5 : /NFE

ARETIE MRI A5 75585 O ERME 2 O 7o B ZEME O E BRFHIlTA IS SV TRET L7,

BEEZARR I X TEOHEIT &L MRIICET 5 T2 585 % D5 SR OIK T2 FHBA T2 Z & 23

EXNTEY, MRIIZEBIT S T2 sl EG 2 AW 72 A MO 714 & LTl Pfirrmann

Grading System 23 —%HIZ WV 54T % (Pfirrmann, CW. 5.2001), L2 L Z O HiEIFF#]

KTH Y ERAFHIE TIZ AW ZITHIEARIC L 2REPNECLTVEZ I 5N 5, In

vitro (28T 2 MEHI B 2 I3 D BR. BMOEIT L= 7L OiRIL, R 72k R

ZIEE PR, BUCIAMERERILEORENLER AR TH o1z,

Image J soft ware (NIH) (T K 515 558 O 247 - =55 5. Pfirrmann Grading System

IZHBWTC Gradel ([Z773ES LD B DI ZEN 86 LA EZ R L. Grade2 1% 45 LA E 85 K.

Grade3 1% 45 Kifiz n 9 bR &R oTc, AMFHI LD 12 » Al WO EVWEKRTH->TH

Grade3 £ CTEMNEITL TWAEDN 21% B IFIET D Z LR hoiz, Grade2 IZBILTH

BIRD 18%% 5D TH Y, Gradel DA< BN L CTWVZRWHIGEARIZ 2R D 61% T L 2720

ofc, B FEBIOMWENELL TRY, E7AEME L TEL TS &EE X HD CDBs

2% < OFEITBNWTIA ANSLILTWD 2, 12 » Al WV o BWERIZEB W T L D

BEMENEIT LTV AT, HETO MRIZ L DI < #HE4E < i,

PEVEDNHEST LT D BE%Z Tld, CollAL O HEANSe Col2ALl, ACAN Db D72 &4 TNF-a
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RNL-6 T LD & LIERIEMET A R A v, BRORE SRR Th D MMPs OFETL &)

L TWab 72, AROBE L IFRE< R D, Ko Tlnvitro (231 249212 CDBs H

ROMERIREEEE 2 9 DB T, EEBITHHER 7 L — FOEPLETH D, TORITBW

THox BARRE LI ERRHIT AT, HIEARRES D72 BRI E TH iR 5k

ThdLEZBNI,
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Table. 2-1 Summary of intervertebral disc disease data.

Location of lesion

Casel MD 6 T13-L1
Casel MD 9 T13-L1
Case3 MD 6 L4-5
Cased MD 9 T13-L1
Case5 MD 5 T11-12
Caseb MD 5 L1-2,12-3
Case7 MD 5 T12-13
Case8 MD 7 L21-3
Case9 MD 7 T15-L1,L1-2
Casel0 MD 9 T11-12, T12-13
Casell MD 5 T11-12, T12-13
Casel2 MD 6 L2-3
Casel3 MD 3 T13-L1
Casel4 MD 12 T13-L1
Casels MD 12 L1-2

MD: Miniature Dachshund
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Table. 2-2  Primer sequences for realtime PCR.

Gene Name Gene Symbol Ref. Sequence Primer
Type I collagen, alphal Col1A1 NM_001003090 Forward: ACA GCC GCT TCA CCT ACA GT
Reverse: ATA TCC ATG CCG AAT TCC TG
Type Il collagen, alpha1 Col2A1 NM_001006951 Forward: GAAACTCTGCCACCCTGAAT
Reverse: GCTGCTCCACCAGTTCTTCT
Aggrecan ACAN NM_001113455 Forward: CTATGAGGACGGCTTTCACC
Reverse: AGACCTCACCCTCCATCTCC
Cartilage oligomeric matrix protein compP XM_533869 Forward: GCC GAG ACA CGG ATT TGG
Reverse: CAC GTC CTC TTG CCC TGA GT
a-2-Macroglobulin A2M XM_534893 Forward: ACT TGG CTC ACT GCC TTT GTACT
Reverse: GTT GAG CAG AGA CCC GGA ACT
Cytokeratin 18 CK18 XM_849849 Forward: AAG AAC CAC GAGGAG GAA GTA AAG
Reverse: CCC GGA TAT (TG CCATGA TC
SRY (sex determining region Y)-box 5 Sox5 XM_003433564 Forward: ACC TCT GAT GGC AAA TCA CC
Reverse: ATT CAC AAC AGC CAC CTT CC
SRY (sex determining region Y)-box 9 Sox9 NM_001002978 Forward: TCA TGA AGA TGA CCG ACG AG
Reverse: GTC CAG TCG TAG CCC TTG AG
Tumor necrosis factor-alpha TNF-2 NM_001003244.4 Forward: ACC ACA CTC TTC TGC CTG CT
Reverse: ACC CAT CTG ACG GCA CTA TC
Interdeukin 1 IL-1p NM_001003301.1 Forward: TGC AGG TGT CCT CTC AGC TA
Reverse: GAG CCT GGT CTC ATC TCC AG
Interleukin 6 IL-6 NM_001003301.1 Forward: GGC TAC TGC TTT CCC TAG CC
Reverse: GAA GAC GAG GAA GTG CAT CTG
Matrix metallopeptidase 3 MMP3 NM_001002967.1 Forward: ATG GAG ATG CCC ACT TTG AC
Reverse: GGA GGA ATC AGA GGG AGG TC
Matrix metallopeptidase 13 MMP13 XM_536598.2 Forward: TTC TGG CTC ATG CTT TTC CT
Reverse: GGT CCT TGG AGT GGT CAA GA
Vascular endothelial growth factor A VEGF NM_001003175.2 Forward: TTC CTG CAG CAT AGC AAA TG
Reverse: AAA TGC TTT CTC CGC TCT GA
Prostaglandin E synth. PGES NM_001122854.1 Forward: AGT ATT GCC GGA GTG ACC AG
Reverse: GCA GGT CTC CTG ATT GAA CC
Actin, beta ACTB NM_001195845.1 Forward: AGG AAG GAA GGC TGG AAG AG
Reverse: TGC GTG ACA TCA AGG AGA AG

Dog-specific primers were designed using Primer Express software, version 3.0
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w Gradel: MSI
=112.2+23.8

Grade2: MSI

Grade2:45-85 -~ -68.2+9.4
(18%)

m Grade3: MSI
=34.1%+6.5

*MSI: Mean signal intensiy

Figure. 2-1  Evaluation of degeneration of nucleus pulposus (NP) tissue based on the magnetic

resonance imaging signal intensity.

(A) NP tissue exhibiting signal intensity >86 is classified as grade 1, 45-85 as grade 2, and <45 as

grade 3. (B) Mean signal intensity (MSI) of grade 1 NP tissue is 112.25, grade 2 is 68.28, and grade

3 is 34.18. The percentage of tissue occupied by grade 1 is 61%, grade 2 is 18%, and grade3 is 21%.
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Grade | Grade Il Grade Ill Herniated NP

gross pathology

Safranin-O

/Fast green

Von Kossa
Col1A1

Col2A1
TNF-a

MMP13
VEGF

Figure. 2-2  Herniated canine nucleus pulposus (NP) cells shows typical degenerative histological

changes. Lack of Safranin-O staining, calcified area, and MMP13 positive cells increased with the

progression of degeneration. Scale bars indicate 100 pm.
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Col1A1 *; p<0.01 Col2A1 * p<0.01 ACAN + p<0.01
*

40 + —‘ 12 - * 1 —
35 - S ] .
30 10 1
25 + 8 -
20 +
15 - *
10 - ¢ _
5 & | *
o ¢ §°* SER A

GradeI @I II HNP GradeI @I IDI HNP GradeI @I II HNP

L 2R J
*
*»

*e e

*
R
*

*
*

*e

0
8
6 -
4
2
0

o N B OO
L TIO0 ©
»oee
o
*

Figure. 2-3 Expression of Col1Al, Col2A1, and ACAN in NP tissues according to Pfirrmann’s grades

1-3 and HNP were analyzed using RT-PCR.

Grade 3 NP and HNP tissues exhibited significantly higher expression of Col1A1 than did gradel

NP tissues. For Col2A1 and ACAN, there was a significant difference only in HNP, *p < 0.01
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a TNFa b IL-6 C MMP3
*
10 gg ; * 10 *
1
. 8
8 25 - | *
6 20 - 6
* 1
4 — 15 4 -
5

o S AN oM

Grade1 Grade3 HNP Grade1l Grade3 HNP Grade1 Grade3 HNP
d MMP13 e VEGF f PEGS
%03 * 7 * 12 *
25 6 10 -
20 - > 8 -
15 | 4 * 6 *

; 3+ [T 1 |
10 * 2 - 4 -
5 T 1 Ij 2
0 . |_L| 0 - ﬁ e |_L\

Grade1 Grade3 HNP Grade1 Grade3 HNP Grade1 Grade3 HNP

Figure. 2-4  Canine HNP cells showed upregulation of inflammatory and catabolic cytokines.

RT-PCR analysis showed high mRNA expression levels of Col1Al (Fig. 1b), TNF-« (a), IL-6 (b),

MMP3 (c), MMP13 (d), VEGF (e), and PEGS (f) in canine HNP cells.
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53 % M 3 IRTTHEFR IS 1T D W FLAAR M RAE FORHE R AR B EZ Ml 0 R B D HERS

3-1 S

#E B2 M R (CDBs) CTid Hansen-1 FUHERIA ~/V =7 2373632 (Priester WA. 1976 ;

Gage, ED..1975) , & DO BT HEFIABERZ O FHIEMENS B 5 LTV D Z E R LTV D03,

ZOBFITH LM EIN TR, & FOZIZE W TERMIZIE 10 sl £ TIgiEk L,

[ HERIRR A MEDTERR AL B E L D L STV D, FFFRMIIIBERE O 15 7 MEAERr

WCBWTHEREHZH S & SN TWDHH, CDBs DHifZICHE VT H AR LELRF2T LT

FHRAADHR LD, B EaIcE S b v | ZMEOETAED 6D Z &

5. ORI AOBIZAMEICEE L TS EE X LTV 5 (Cappello, R. 5. 2006; Sakai,

D.5.2009), iz, CDBs [Z ANDBEZEMEDFTREMA DO DET L E L LT L T

WD EEBEZDLNTWDMN, L OFEFMIIRIEAHAR RN L, MR ORMEZ R % 5

BICHIREERAHEF ICEERFEOOE S LR L0, BT HERE T TIdEORE

DIRRHESFMIRARIZ B D720 ZIRTTHE R 2 HEE T 58 b0 7 <72\ (Gruber, HE.

%.2000; Hutton, WC. ©.1999; Wang, JY.%.2001 ), F7-EEREO L 53, 8ifEIc k-

THRUT HREDBE R D20, BT D & OREBFMEORENLETH S, CDBs DRfiE%

MIfEIX, & PO RENMEEUL TBYET VB E L TRETHL LEZ BT

W2 72% (Cappello, R.%. 2006; Sakai, D.7.2009) ., CDBs Hi 3k D #liAZAlIE O fiii 72 1538 7151

BT A RatER7Z 2 S TR,
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http://www.ncbi.nlm.nih.gov/pubmed?term=%22Wang%20JY%22%5BAuthor%5D

PLEIZ X Fex 1%, agarose hydrogels Z 7z —RotHs# s L OV HLEER#E NIZE 1T 5 CDBs

FH SR BEEZ AR O R BV OHERS 2 RERFAYICE-AN L, fiB 7R R R OREZIT - 72,

72 BE 3% scaffold & L Cl3 alginate hydrogels 33 & OF agarose hydrogels 23ftZ 172 ¢ o &

P25 DN ASKE R CIT AL o> AR |2 (L S L 24 L 72\ agarose hydrogels 2 E:H4% 2 &

L7,

3-2 . ML J5ik

3-2-1 : fElEY

STHREE & 4 2 HERI B BIAZ A% (Non-degenerated nucleus pulposus ; NNP) XA AL il 3 72

12 W Al DE— 27K 6 BHI D EREL L 7,

£l BMEUHERRBZ & LT, HERR~ V=7 IR LI =F a7 - v I AT

~ (MD) &0 FTHRF IS S A2 HEFIBE (Hemiated nucleus pulposus  ; HNP) & ACHE

FHAFE U=, HERI A~V = T IR L7 MD 134 15 58 19 HERS] T © SEH4FERN T 7.0+22.5

% Cdhole, ETOEFNIIAEMES L T7EEMELE 2L, HIEmERE 2 —T2

Wik KLONRREMT ORI b DO TH D, JEBIOFFEMZ K 3-112F L iz,

BER SN 7T MERRRIAT I AW S DX 4% T RV LT VT RO (PFA

Sigma-Aldrich, St. Louis, MO, USA) &iZIZiRiE L, 4CTRfF L7z, %7z Real-time RT PCR

AT I D b D1k TRIZOL (Life Technologies) (Zi21& L. -80°C CIRIFE L 7=,
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3-2-2 : BEEGHERR D> & OFNE o B

PR TV CTERER U 72 BEAZ AR 13 1% (viv) penicillin, streptomycin, nystatin (all antibiotics from

Life Technologies) % % ¢¢ Dulbecco’s modified Eagle’s medium (DMEM)/F-12 (Life Technologies,

Carlsbad, CA, USA)IZ{R1F L7z, £ D%, H HIZ 10cm dish (Falcon, Franklin Lakes, NJ) PN T 2

A Z TR 2mm AR IZE] Y | 0.4% (w/v) pronase (Sigma-Aldrich, St. Louis, MO, USA) % &

2 DMEM/F-12 H1 2298 L. 37°CH L OV 5%CO, B2 T C 2 RFfiliC 7= W BB LBE 21T > 7=,

pronase (Z L % R ALBL N K& D o 72k A 1% 50ml (Falcon) = — 7 iZ[EL L. PBS

(Sigma-Aldrich, St. Louis, MO, USA) T¥E#4#% . 1500rpm “C 5 43 iz 0 L FiE 2 #57C.0.1% (Wiv)

collagenase type 11 (Sigma-Aldrich)3 X O Bk o HiAHK % & T DMEM/F-12 F12i2iE L, 37°C

BB LN 5%CO, BjEE FC 1 BT 7o 0 BERIEE 21T > 72, 7233 pronase 3 L O collagenase

WLBRHRIZ B W TR, SRR OIEIEDILE L 725720, FBS DI fEH Lo 7z,

P s UEE L 0 B L 7= H A 1T cell strainer (Falcon) Z2 @il & T4y 2 st LB 2 B 25 4% .

50ml (Falcon, Franklin Lakes, NJ) = — > {Z[E]4¥ L, PBS (Sigma-Aldrich, St. Louis, MO, USA)

THEYF L 7=, 1500rpm C 5 43fifsz O U CRAR Z B L7z, B L 7= M@ trypan blue (2 &

D A DR A LT,

3-2-3:3D~F U T AOEIR L . Hifao A

i FH9 % scaffold & L CIZ alginate hydrogels 33 J O agarose hydrogels 23X#E )72 & D & 72
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D03 ARRET T I IR b 38 0 24 ] L 720~ agarose hydrogels Z£-H3 2% 2 & &
L7z, 70, MRzl d 28NS 54, 3TCLL T THEE{L L7evy low melting agarose
hydrogels Z {42 2 & & L7z,

%7 low melting agarose hydrogels DK% 2%DIEEIZ72 5 K 512 1% (viv) penicillin,
streptomycin, nystatin (Life Technologies) % & ¥» DMEM/F-12 |Z /&) L | Bl ELAT = THNEL L T
agarose DRI f-Z BRI ST, TORIBEN TR L0%2MHL, avFIx—a %
Bilk4 27202 U 7 4 L% — (Millipore, Billerica, MA, USA) % iita & 845455
brE%E1T-o 72, AilaME L7 agarose hydrogels 3 50ml 5~ = — 7' (Falcon) | ZfRE L 7=,
ATSE O FIELS I 0 BEE L 7= #8135 x 10° cells/mL @i C agarose hydrogels & & L, #5—
RS D Loy hEHWTH#E L,

M 2T 5I12H7-0 . FANC 12well culture plate (Falcon) (2 #ili 2 & £ 72\ agarose
hydrogels % 0.2ml A#v, ) 4°CIZFHE U7 Rin 2 M Califk S 72, 24Ul cell-agarose
constructs 7> S 81 L7 MRS g T 2 2 2 & 2B IET 5729 Th 5, €D iz, 0.5ml
@ cell-agarose constructs Z#&fE L, [A] U <K 4 CITFREE L7 RG A2 W CTilifb 2 72,
fifi{k, 7= cell-agarose constructs % 10% fetal bovine serum (FBS; Life Technologies) ¥ X
1% (v/v) penicillin, streptomycin, nystatin (Life Technologies) % & & DMEM/F-12 Z Es#8ik & L
T 37°C, 5% COf#fEFTOH, 5H, 10 H, 25 H LK L7z, K@i 2 AT 1D

ETAM LI,
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SIRREET o 5 HEREEE & L ClE. 12 well culture plate (Falcon)(Z HERfE L 7= /e & B4, 4x10°*
cells/mL DL THEFEL, 37°C, 5% COfFfEFTOH, 5H, 10 H, 25 H&RFE L7z, 1

FRIZ 2 HIZ 1 OBHE TR LT,

3-2-4 : AARRHFEAT
-5 WM A £ 72 cell-agarose constructs 1% 4%CMC (Leica Microsystems, GmbH, Germany)

IIRE L, R ERF CREICHE S, 7ry 2 2Bk L, ER LT my 237 7
AF P =22 HNTHK loum ODFESIZHIL, AT A K7 F A (Matsunami Glass
Industries, Ltd., Osaka, Japan) (Z#t, -80°C CLRAF L7, TERK L7-BUREEI T IL L N D& Yeth
FEIC XV Yefa L7z, Hematoxylin-Eosin Yo XMifn O EBIZ 4 HIW & L, iron-hematoxylin
Txf s L 7= Safranin-Offast green %u(4.35 KO8, Toluidin blue (pH 2.5 and pH 7.0) 134 X
N L7 U 2 2 7 ) e 7vn VEREOMAEE DR EXZ B E LITo 72,
S HiZHitype T collagen HLA(1:50, Millipore-Chemicon, Billerica, MA, USA) % FV 7= S Ye
BHiTo7, “WRPUA L LTIt Alexa Fluor 594-labeled secondary antibodies (1:500, Life
Technologies) Z i i L 7=,

F 72 LPS THil¥4 L 7= #£1X Hematoxylin-Eosin 3 £ OV iron-hematoxylin Cxf b e fa L 7=
Safranin-Offast green (Z/l1% . HT TNF-o Hi{& (1:50, Bioworld Technology, Inc, MN, USA), #t

MMP13 Hi{k (1:50, R&D Systems, Inc, MN, USA), i VEGF $ifk (1:100, Santa Cruz
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Biotechnology, Inc., CA, USA) % MW7 fbEgufa 24TV, IR biotinylated universal

secondary antibody (1:200, Vector Laboratories, Inc, CA, USA) % v 7z,

WTNOHFEIIAIZRB N TS, AR BT A v —OEBEREREZFIM L, SRS TR S

Wctk, 95% % / —/LC 15 SpRlEE AT > 72,

—77. HBEEICB T DM OMARFEREIT & LT, A= T A RICHE L, HIES

oM 2 SRR Z LB L, 9% T ¥ / —/L T 15 Sy EEZ1T > 721k,

Hematoxylin-Eosin, iron-hematoxylin Cxfrt¥eta L7z Safranin-O/fast green 7¢ & TNZ Toluidin

blue (pH 2.5 and pH 7.0) 1T > 7=,

3-2-5 : K1 3D 5225 O HE 5 O FEAM

Bea U 72 ML O A RE 35 L OVFH % A 7 Al ds & ffes8 3~ 2 72 8012 WIST-1 cell proliferation

assay (Roche Diagnostics K.K., Tokyo, Japan) #1757z, 96 well plate (Falcon) [ TH:# L 72

JRlz, B5EER & 1:10 OEIA TR L= WST-1 solution % 200ul %l L, 37°C, 5% CO, 171

TC 1WA F 2= F L7k, 440 nm O E T Micro plate reader (Powerscan

HT; Dainippon Pharmaceutical, Osaka, Japan) % Fi\ N TG EE DRIE 217 - 7=,
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3-2-6 : IEEHARICEIT D sGAG FEAEDHER

BEfpa s EA L7 ) a2 ) 7Y b oEEE2 L LT Alcian blue dye-binding

assay (Wieslab sGAG Quantitative Kit, Eurodiagnostica, Sweden) %417 -~ 7=,

kit |Z[F]6) & 41TV 7z guanidine hydrochloride % VT cell-agarose constructs 35 J UV JE RS 3%

R 2 2 X7 flH % . Alcian blue (2 15 236 &8, 600 nm D& T 2 I E

L 7= (Powerscan HT; Dainippon Pharmaceutical), # sGAG /3 shark cartilage (Chondroitin sulfate

sodium salt from shark cartilage, C4384, Sigma) % &4 & U CHIXIE & E 1T - 72,

3-2-7 : B MIRIC I 1T 5 Marker gene F8HLOHERS

0 H. 5H, 10 H, 25 HEOE:EHIMIZI 1T 2 cell-agarose constructs 5 L ONHL @ B2 28 il

26, TRIzol (Life Technologies)#s & T RNeasy Mini Kit (Qiagen,GmbH, Hilden, Germany) %

FAUVT RNA ZHhH L, 260/280 nm D& CHIE L7=, #hil L7z RNA 2> S RGN K

v (Super Script VILO cDNA Synthesis Kit; Life Technologies) cDNA % &% L. type | collagen

(Col1A1), type Il collagen (Col2Al), aggrecan (ACAN), cartilage oligomeric matrix protein

(COMP), alpha 2-macroglobulin (A2M), cytokeratin 18 (CK18), %= L T SRY-related HMG-box 5

and 9 (Sox5, 9)DFEBL A I E L 7=,

S 5T LPS B AT - 7= BEICBI L CTiX tumor necrosis factor-alpha (TNF-q), matrix

metalloproteinase 3 (MMP3), matrix metalloproteinase 13 (MMP13), vascular endothelial growth
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factor (VEGF) % L T prostaglandin E synthase (PGES) D3¢ Bl & 4l E L 7=,

A X ¥R 72 7T A ~—{X Primer Express software, version 3.0 (Applied Biosystems) CTax#t L

Sigma-Aldrich IZ{ERk 2 kiE L 7= (3% 3-2) .

F72 ER OB FOFRBEIZE L TiX, Wb Kapa Sybr Fast gPCR Kits (Kapa Biosystems,

Inc., Boston, USA) ¥5 & U} Stratagene Mx3000p System (Agilent Technologies Japan, Ltd.) % H

L 7= real-time-PCR #£% >, beta-actin &= =2 b —/L & L7=AACHIZ X 0 fi#HT L 7=,

3-2-8 : Lipopolysaccharide (= J % & {f

ZIRTTESERIC L 0 o b A e Liiiians, 2V L 72 Btk OTZE % in vitro TEST 5

ZENTE D DODHERRT S 72812 lipopolysaccharide (LPS) THIEL 4 2 Mpt 217 - 7=,

25 HWIChT=b =kock# %17~ 7= cell-agarose constructs Z LPS (30 pg/mL) THII L .

Col2A1, TNF-a, MMP13, and VEGF D% Y& 4,35 L OSE AR I8 BT 2 -V TG L 7=,

3-2-9 : HLal ARG

R LMOENIT X B Marker gene D38 & D 1E MZES LTI Tukey-Kramer method % {#

ML, LPSRHIZ X D% A b A FEOFREBUZEY LTI Mann-Whitney U test Z VN7,

WO EFEAI AT & StatView 5.0 software (Abacus Concepts Inc., Berkeley, CA)% T

1To72, p<0.05 - THEZXED Y LHE LI,
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3-3: fER

3-3-1: ZRouHEE TICRT 2 MlesEE PE R RE (B 9~ 2 MLk 2 RO A

agarose hydrogels % V72 =k eEs B FEICH\V T, 10 HMFs KOV 25 B M o ssa M 4 8%

b olE, METH Y M S LWEREEZ S LTV e, X 512 iron-hematoxylin Tkl LGy

4 L 7= Safranin-Offast green Y4412 1 ¥ 10 H RHIEFEREO ML E PHIZF5 1T 5 sGAG DN A i

P EA, 25 HREIESEREAICB W TR B FEAENEIM L TWD Z & DR S L2, £7=2. Toluidin

blue (pH 2.5 # XU pH 7.0) 4L lZ 0T b [AIARICRFFILAFPELZ SGAG DHEINA fERE S 4L, &

BIZIZpH 25 BEL O pH7.0 DxfEb b, 7 vm O FEAR MG HER SN (K 3-1),

Type 2 collagen OFEYetaCH (R U L o (IR RMEAAE IS HIIRE P 3810 2 Bo i fE sk o 40

HERS S A, 25 H SRSV Tl bIGMERRIROE R3S S iz (K3-1),

— 5 BLE 5538 ClX Safranin-O/fast green 35 & O Toluidin blue DN 3UIZ 380 T b Al i & BRI

BT 5 sGAG. b 7o RiEEttae kLT,

3-3-2 : BEEEEREEIC K D AMIRE S AE O3E

agarose hydrogels Z U /= =k TS RETIE 25 H OB A48 T b oA & e

INIFERR S 7R o Tz, Lo UHE R RE CIIRF R IZ BR3E 2 0 23 el

25 A OREF WM 2 f8 7- MR 1 35 2 BHARIE & Hhi U, 49 10 fi5 & O M s S viz, (M
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3'2) o

3-3-3 : BEEBREEIC L D sGAG FEAREDE

PEE X7 sSGAG O EFZ =R ICEFEHCB W TAHZICHEMM L T, 10 LR L Y

FMDHERE S 4L, 25 AMESRAF CIIS DRI MR SN, —77, HEEEETIX

TR SN2 h-7z (K3-3),

3-3-4 1 ZRICEEEREICI T D Marker gene D FEHLE D HE N

ZIRICHFERETIE CollAl DR BLE T 2L E WM 48 L TREZ R L7z, %7 Col2Al ¥

JOVACAN D38BT 10 A BEEEAE CHIINAHER S 41, 25 A MRS Tl b IS B2 N

L. Invivo ORZHHAR L FFEORBFEEL 2 L7-, —J. 0 BB L U5 H ORI

B TIE, Col2Al 3 L ONACAN OB BT g RE#E L 0 IKEZ2 R LT,

COMP DIEBLET 25 HF D =R ITEFEREICIB W T, FEELEOHMO MR I 7225, 0-10 [H

DOEEEHECITHEERN L OFERITRO N o2, 72, CKI18 1% 25 HD =%t

B CHHE R REIMNEZRD bz, Ll A2M OFHEIZE LT, SR 4mL

Tﬁ ;I':‘.j:ﬁﬁu éﬂiﬁ?ﬁ’of_o

F - BEEZ N O3 A2 F5E T 5 Sox5 B L TN Sox9 DI EL R 10 H 3 L 1U25 A O =%t

BEREHCRW T, HERER &l L TN R S iz (X 3-4),
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Col2A1, ACAN I L COMP MI3HEIZEI L T, 25 A DO =R IcEEEFEIZIB VT in vivo

ORI DORB BT LA EEZ R LT,

3-3-5 : LPS EMEIC & % = kouhiae T HERIAR ORI
SRICHEERR T K0 B b AR U7 B A VT In vitro 1238 T2 ME U 7 BERZ AR AR
DOE %= BT 5 Z LN AlRED MBS 57212, 25 HI#KGE L7 cell-agarose constructs %
LPS THITH L, ZEMERERZ THIINL TV DSBS B KO 3y OFBE LRI,
LPS DFEAEIZ £ D TNF-a, IL-6, MMP3, MMP13, VEGF 35 T PEGS @ mRNA FEHL & H N
DR S, SIEYA TlE TNF-a, MMP13 35 X U8 VEGF DOREMEMIIE O A feRE S 7z

(4 3-4, 3-5),

F7-. Col2A1 3 L Y Col1Al D FE BT LPS JRAEIZ L 23T 72 o T2,
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3-4 : B

ATETIIRY =R T2 L H0E SRRV R R O HERARBERZ AR O &3 A B

F O P CHESE S D IS RISV TGS L7,

O BRI R ok O HER AR BERZ M I O B5 28 Ky D RBUM OHERB IC B3 2 5 13, A

RO TTH D, b FOBEZIZINTHRAMALE 10 73t#n £ TIZHAR L, [RIREHHHER AR

EVEDTEREFEREMGELD &L STV D, FRMITHREOEF MR\ THEZ

FEZH S5 L SN TVDAY, CDBs DRfiZIZ BT H AR L LR L TR R

LAasD, BRAESF MR E & Hib | ZBEOEITARO D 2 L2 b, ZOJEREIE

NOBIKZEMEICEE L TS EE 2 5TV (Braund, KG. 5. 1975; Hansen, HJ. &. 1952 ;

Gage, ED.».1975), i1 X CDBs Lt h ORIZEEMEMSEICHIT HET L E L LT LT

¥V . CDBs HkOZ M DR REREIZ X 2 KB OZBITIEFICEHETH D, ARFT

L. CDBs OHiZHMINIE Ik TR L OB g E T B3 EE BB L W\, £7

F—I, BB R TIMIE O FEEBEE 2 AN HERS S LTSN, ZIROTEE R ISR WL T

Je HEHE AN B LA S 70T, BERZGMIARI T AE RN TIIEiE L s Wil T 5, £ x|

B R # T CHENT ISR IE 2 0 IR 2 &%, AROBEAE KR H Z LIZEMN D il

Y,

BEAZ AR X B E M & K < L7238 R Dl 2 8% 5, Col2A1 <° ACAN 25D #E HE @ Marker
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gene [THEZAILIC TN TH FERALE TH S (Sive, J1.5.2002), = HIZLLFTO Microarray

WS IZB W T A2M 38 LTV CK18 73 CDBs ORiFZICHB W TEFEEL L T\ D Z & AVR

STV 5 (Sakai, D.%.2009), VL EOBEH 28 512, Fx 1Z#68% D Marker gene % Col2A1,

ACAN, A2M B L TFCK18 & L7z,

5 HE O =WItkE# T Tl ik Col2A1, ACAN, A2M 35 X TF CK18 O mRNA DFE Bl &

ITHEERE LR LT, KEEZ /R Lz, ZOfE R, cell agarose constructs NIZ35 1T 25 4y

bz AR 90 E PHER RIS 5 AR ClItEg S eV L 2R L Tnvs, Ll 10 HH D=

WRICEEERECIT R 38 8E & ol LT Col2A1, ACAN 35 L T COMP @ mRNA DI EL & 754

L. MlasE o pEAREIN S RS S 7z, & H1Z13 Col2Al, ACAN, COMP, I X TF CK18

® MRNA OFEH &1L 25 A B O =R ICIEHRE CHEE RN 4775 L., invivo DFiEOREIE

ERI=FBI 2R Lic, AT, #Eiao®EE 2 Marker gene Th 0 #ifZMIRIZ BT H

HIRA AL DO RESE O ZMA DHERF I LB T 5, Sox5 35 LT Sox9  (Smits, P. . 2003)

DOIEE BT =Rtk 10 H HIZBW T, invivo DR & FIFEE OB ELZ /R L, 25 AiE#E

FECIZE B2 2B E O HERR S 72, FFIZ Sox9 1XHEZEMIIEIZ I\ T Col2AL B LY

ACAN DFELEDO RN Z L1t L sGAG DEA LT Z LM LN TWDA[23]. Zub DOk

B 25 A O =WoeE:E Tl Sox5 38 L U Sox9 OFEEEI NIV, Col2AL 5 L Y ACAN

OFEBENHIL . MISEE OREANEINT 5 Z & THIRLE PO BREE)S in vivo DEREEIC

HULIZb D L7y | SAROHFIMEMEE SN TND Z LVRIR S L,
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WEDOREICBNT, BTSRRI L > T ERLZBEARE L, S6I120F

EREIC K-> CHEU A5 m R MIT e 5 LS TW 5 (Chou, AL Y. 2006; Gruber, HE.

.2000; Hutton, WC. . 1999; Wang, JY.%.2001 ), 5l 2. I, 2O ffiEZ#ifu 4 alginate hydrogels

t, L < iZ collagen gel & W C = WRocts# Li-i56, HEREL KL C, Yusr4 7070

VOREAENEMT D E W) HENH D (Horer, HA. 5. 2002) TR & BE

B LG, BT A2 & . SRR EICEIR L TE S L STy

% (Gruber, HE. %.2000; Hutton, WC. ©.1999; Wang, JY.%.2001 ), L2>L— 5 CTIKDOHE

1z

Jiai X alginate hydrogels & iV C = WkochsgE 2 HE L7 & LCH, BEHER Lo ia & REURX

EbbpntfsInTunsd (Wang, JY.5.2001),

AEl, Fx ORRFHZ L - T CDBs O#EZ NI agarose hydrogels % v 7= 25 H D =&kt

R IZLD invivo ORZFLRRICIT L7 RBEEA#GT 52 LR 7o T2,

S HITFe & 1L, 25 HREO =W ockEE&1C L 0 H53{b 242 L 7= cell agarose constructs % FJH L

T, in vitro (Z361F 2 MR ET VO AR ATz, M LTz b S ORI 34 FERIE

PV A N A R EAT D L HE STV S (Doita, M. 5. 19965 Jimbo, K. ©.2005; Kang,

JD. ©.1995; Le, Maitre, CL. ©.2005; Specchia, N. %.2002; Weiler, C. &.2005; Aota, Y.

5.2006) , RIEMETA B A TIEEER 22 A D | MERIRRBERE DB PO EICEE T

HDEUHEER SN TEY ., MMPs, prostaglandin E2 (PGE2)# L O TNF-a 23l L 7= #ifit%

TERELTWA LHEIN TS (Weiler, C. 5.2005), Fx OBRFHIBWTE, 2L
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72 CDBs OHIZIC K D RIEVET A b AV ORBEPHERINTEY  ZhUTEhizit = LT

WRWHIZIZEB W THRO b, DE 0 ~r 77 —VOE2Z T4 & bM<

DHEDNE, RIEVES A S A CREASNTND LWV D) ZEPRBRI NI,

WEIZ, FOHZIZI T LPS ITflas g oz e L, IL-18, -6, BEW -10

B ETERBIENEY A NI A L ORBAARHET D L@ ST D (Aota, Y. 5. 2006) . LA

FAEEFICE A X, in vitro (2B BRI T T VOLERICH =0 . RIEVEY A A v

DOFRBIFFELZHAYE LT LPS Z W\ -, RFETORER, LPS OFEIZ LY CDBs O#fiEZHE

M2y BIXEBERRIEMEY A B A ° MMPs OFRE AR S, B LR C L 5 ek

BB Z Enbol-, Fx 3MER L7z cell-agarose constructs X, 17 72 Bk A%

LRI D RIEEERET AT TR LPS ZHWA = L TEMHEZEET L E LTHEIH

ARETH D Z Ebrol,
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3-5 : /NFE

ARTETITERM 3 ROTHERIZ 1T 2 8E SRR M RAE B > O HEFRI AR BRI o> 23 A 0> HE

Bds JOMIRa A PHIZ AR S 0 2 A LIS K o TRESE S L D U INBRBE I DWW TG 24T

ST, Fox OMFHI LY | — R BEEREE CIIBENKE < EH->TLE H CDBs Ot

#fEi%. agarose hydrogels % FV 7= 25 HICh= 2 Bl koo %21T75 2 &L <, &Ko

AR ORI S T ERW BN LR o7, BBHERICBWTREN RS AL

o

TULEIBHR L LTE, AT 5 2 L O W B2 IERRFr e n KA M v ik L, #4

BRI 5 Z L BNELS b o TWnb & 2 B b, agarose hydrogels TER L 7=

scaffold N CITHIIAIZMAEZ R L, HEBITE A ER NN - T, S DRI E J 0

PEAT 2 MR/ FEE Y agarose hydrogels (2~ Z 7 S AU B BEICHE & 0 | BUNERBE 2 155

T, THICE Y RBIMOEBREZKED Z & T, D LT OAROBE~EBHENMES LD

bDOTHDHEBERBND, CDBs DffifZidt ORI L TWEMITWD DA, Fox 3B L

7z in vitro [Z3B 1) DB E T VIR, AEEEES K OBEFERONTTIZ L > THERTH 58T

el A R U MERIR IR AV E O TR REMIICHIR T 2 b O TH L B A BT,
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Table. 3-1 Summary of intervertebral disc disease data.

Location of lesion

Casel MD 6 T13-L1
Casel MD 9 T13-L1
Case3 MD 6 L4-5
Cased MD 9 T13-L1
Case5 MD 5 T11-12
Caseb MD 5 L1-2,12-3
Case7 MD 5 T12-13
Case8 MD 7 L21-3
Case9 MD 7 T15-L1,L1-2
Casel0 MD 9 T11-12, T12-13
Casell MD 5 T11-12, T12-13
Casel2 MD 6 L2-3
Casel3 MD 3 T13-L1
Casel4 MD 12 T13-L1
Casels MD 12 L1-2

MD: Miniature Dachshund
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Table. 3-2  Primer sequences for realtime PCR.

Gene Name Gene Symbol Ref. Sequence Primer
Type I collagen, alphal Col1A1 NM_001003090 Forward: ACA GCC GCT TCA CCT ACA GT
Reverse: ATA TCC ATG CCG AAT TCC TG
Type Il collagen, alpha1 Col2A1 NM_001006951 Forward: GAAACTCTGCCACCCTGAAT
Reverse: GATGCTCCACCAGTTCTTCT
Aggrecan ACAN NM_001113455 Forward: CTATGAGGACGGCTTTCACC
Reverse: AGACCTCACCCTCCATCTCC
Cartilage oligomeric matrix protein COMP XM_533869 Forward: GCC GAG ACA CGG ATT TGG
Reverse: CAC GTC CTC TTG CCC TGA GT
a-2-Macroglobulin A2M XM_534893 Forward: ACT TGG CTC ACT GCC TTT GTA CT
Reverse: GTT GAG CAG AGA CCC GGA ACT
Cytokeratin 18 CK18 XM_849849 Forward: AAG AAC CAC GAGGAG GAA GTA AAG
Reverse: CCC GGA TAT (TG CCATGA TC
SRY (sex determining region Y)-box 5 Soxs XM_003433564 Forward: ACC TCT GAT GGC AAA TCA CC
Reverse: ATT CAC AAC AGC CAC CTT CC
SRY (sex determining region Y)-box 9 Sox9 NM_001002978 Forward: TCA TGA AGA TGA CCG ACG AG
Reverse: GTC CAG TCG TAG CCC TTG AG
Tumor necrosis factor-alpha TNF-2 NM_001003244.4 Forward: ACC ACA CTC TTC TGC CTG CT
Reverse: ACC CAT CTG ACG GCA CTA TC
Intereukin 1 iL-18 NM_001003301.1 Forward: TGC AGG TGT CCT CTC AGC TA
Reverse: GAG CCT GGT CTC ATC TCC AG
Interleukin 6 IL-6 NM_001003301.1 Forward: GGC TAC TGC TTT CCC TAG CC
Reverse: GAA GAC GAG GAA GTG CAT CTG
Matrix metallopeptidase 3 MMP3 NM_001002967.1 Forward: ATG GAG ATG CCC ACT TTG AC
Reverse: GGA GGA ATC AGA GGG AGG TC
Matrix metallopeptidase 13 MMP13 XM_536598.2 Forward: TTC TGG CTC ATG CTT TTC CT
Reverse: GGT CCT TGG AGT GGT CAA GA
Vascular endothelial growth factor A VEGF NM_001003175.2 Forward: TTC CTG CAG CAT AGC AAA TG
Reverse: AAA TGC TTT CTC CGC TCT GA
Prostaglandin E synthase PGES NM_001122854.1 Forward: AGT ATT GCC GGA GTG ACC AG
Reverse: GCA GGT CTC CTG ATT GAA CC
Actin, beta ACTB NM_001195845.1 Forward: AGG AAG GAA GGC TGG AAG AG
Reverse: TGC GTG ACA TCA AGG AGA AG

Dog-specific primers were designed using Primer Express software, version 3.0
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Figure. 3-1  Histological characterization of 3D-cultured cells.
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Chondrodystrophic NP cells encapsulated in agarose hydrogels displayed a rounded

and native NP cell morphology and expressed high levels of SGAG, hyaluronic acid,

and Col2Al in a time-dependent manner, particularly at day 25. In contrast, monolayer

cultures at day 25 were negative for sSGAG and hyaluronic acid. Scale bar: 20 um.
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Figure. 3-2 NP cell proliferation in monolayers or agarose hydrogels.
NP cells did not proliferate when cultured in agarose hydrogel scaffolds. In contrast,

in monolayer cultures, the number of cells was 10-fold higher at day 25 than at day 0,

*p <0.01.
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Figure. 3-3  Quantitation of secreted SGAG using an Alcian blue dye-binding assay.

Synthesis of SGAG was significantly higher and increased in a time-dependent

manner in agarose 3D cultures of NP cells at day 10 and 25 compared with monolayer

cultures (p < 0.01), *p < 0.01.

45



a Col1A1 b Col2A1 c ACAN

600 * 25+ % 2 *
* 2
400 : * 15 %
As * ’ 1
05 : M
: % AR o LI T
Day0 Day5 Day10 Day25 Day0 Day5 Day10 Day25 Day0 Day5 Day10 Day25
d comp e A2M f CK18 *
15 2 6
* 5
. ] 15 .
1 hlh h‘i 1
0.5 - 2 -
05 |1
0 0 0 lj_ |j-'1_ |j-'—i
Day0 Day5 Day10 Day25 Day0 Day5 Day10 Day25 Day0 Day5 Day10 Day25
g SOX5 « D SOX9 .
25 3 .
- ] . r .t o Native
2 *
15 -
1 F 15 F “IMonolayer
1
05 m os DlL U Dj m Agarose
Day0 Day5 Day10 Day25 Day0 Day5 Day10 Day25

Figure. 3-4  Levels of mMRNA expression in chondrodystrophic NP in 3D cultures.

a) In agarose hydrogels, mRNA expression of Col1Al was decreased for all culture
periods compared with monolayer culture (p < 0.01). b, c) Col2A1 and ACAN
expression levels were also increased at day 10 and 25 and peaked at day 25 (p < 0.01).
At early time points (day 0 and 5), agarose cultures exhibited lower expression of
Col2A1 and ACAN than monolayer cultures (p < 0.01). d, f) Expression levels of COMP

and CK18 mRNA were increased at day 25 (p < 0.01). e) In contrast, no statistically
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significant differences in gene expression were observed in A2M expression at day 25. g,

h) Furthermore, in 3D agarose cultures, NP cells exhibited high expression of SOX5 and

SOX9 at day 10 and day 25 (p < 0.01) compared with monolayers. *p < 0.01
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Figure. 3-4  LPS-induced expression of inflammatory and catabolic cytokines in 3D cultured NP
cells.
Cells were treated with defined media supplemented with a single dose of LPS (30 ug/mL) after

25 days of culture.
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Figure. 3-5  LPS-induced expression of inflammatory and catabolic cytokines in 3D cultured NP

cells.

After stimulation with LPS, TNF-¢, IL-6, MMP3, MMP13, VEGF, and PEGS mRNA expression

levels were elevated.
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94 HERIBBERZZEMER L O IR RIZE VW TR BLT 5 Runx2 (23 % Wnat/B-catenin signal

pathway @ B8 512 B9~ 5 et

HERIAR MR XA S T 2 7 e 7427 Y 1 3 KO Type 2 collagen (Col2AL) Db
BRI L L, KD EREDOWRD ZFES  (Antoniou, J.5,1996; Oegema, TR. 5, 1993), <%
b BEEZALARI I SR & e iaAR iR O 2 FEEH O ML CRERL S L, 26 0 2 FEHOM
JlZMETH Y, g Mia & U Loz B L, ks &AM 7o fifa s S oo
T 7 AZ =% L T2, (Horner, HA. 5, 2002) 3R ARARIZINER ARV 3 2 23, I8
DORREITEMFEIC L > TRRY | S HITITHFRMLOBAD NEMEOEIT & AHREMEEZF T
LEINTVS (Braund, KG. 5. 1975,  Hansen, HJ. 5. 1952),

HEMIBR IEZ TIZAEMEORFR TN T, 43 fER%ESR Td % matrix metalloproteinases (MMPs)
FEBITLIE L, Type 2 collagen (Col2A1) <° aggrecan (ACAN) ZEDHu/FE O oy hy ks
ZAHZTENRESIN TS (Le Maitre, CL. 5. 2007; Le Maitre, CL. . 2006; Le Maitre, CL. 5.
2004; Haro, H. ©.2000), 2415 ? 9 % MMP13 (% Col2AL % R BT 2R TH Y |
MERIRZEVEIC BB 2B 2R d & STV 5 (Itoh, H. 5. 2012), = MMP13 D3EHL A 758

95K D—->& LT Runt-related transcription factor 2 (Runx2)23 2517 5415, Runx2 |35 2
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Mo & E RO R L2 REE LEEREFET 2WBERFOVOLS>TH DN

(Enomoto, H. %. 2000 : Komori, T.%. 2005 : Zheng, Q. 5. 2003) . Z ® Runx2 (T HERIHRZEME(C

BWTH MMP13 OFRBLZFHE L, S SICIEBIZ DO B RAL-Chits S O 4 KA & fedE 4

DA, BERRENEZRFOZ Lo Tnd (Itoh, H. 5. 2012), S 522 @ Runx2 I3 BT

B ORI 331 T Wint/B-catenin signal 1IZ X > TRHEE STV D Z &3S ST 5 (Gaur,

T.%.2006 ; Dong, YF.%. 2006)

Wnt/B-catenin signal IZZTEPEERIEE (OA) OHEITICEIG- T2 L MESINTEY, OA D

HCE IR Tl p-catenin D FFELHEST L Col2AL ° ACAN DREAENME T2 Z Edbho

TW2 (Yuasa, T. $.2008), = Wnt/p-catenin signal IXHERIARZEMEIC BT H EHE 2% E %

RTEEZ LTV (Smolders, LA. 5. 2012; Hiyama, A. 5. 2010)

Wit 1350 7&K 4 5T O3UHERE S LRV T, BB a U a U LIRS E

D E TEMME LB THRIFSH, PIRESEEIVNK, SERMK, HEROMORIE -

ok - EE e O A HAE 5 (Logan, C.Y.5.2004)

Wnt HIRICIER T2 Z L2k 0, {EMEIL S DM S 7 VR E#RE %2 Wit signal

pathway & F'-537%3%, Wt signal pathway (Z {3 noncanonical pathway # J2T* canonical pathway 73

171E L, canonical pathway CiX p-catenin %41 L 7= T-cell factor (TCF)33 L O lymphoid enhancer

factor (LEF)O{EMALIC LD FIROBEFREZHIFI L WD EE X2 5 TWS (Gordon,

MD. 5. 2006; Nusse, R. 5. 2003; Peifer, M. &. 2002; Yamanaka, H. 5. 2002; Giles, RH. %. 2003) ,
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INETIZYUH L FELTO Wnt 1Tk F&~ 7 AT 19 FHERE S TW5 (Logan, C.Y.

5.2004) , Wnt @ U 4 > R3MFAE L7\ 54 B-catenin % adenomatous polyposis coli (APC) .

Axis Inhibition Protein  (Axin) 35 X O glycogen synthase kinase 3B (GSK-3B)7> LAk S 41 542

BRICED Y Uz etk 2 F ALz ToMEh D, —J7, Wnt D Y 7> R

TFIETH5E. VY R 7 RFEE@EROZRIKTH S Frizzled (Fz) 38 X001 A5 E @A

DZRIKTEH % low-density lipoprotein receptor-related protein (LRP)5 & L < 1% 6 &#E&T %,

ZHUZ LV Dishevelled (DvI) U b &RV 2% F bz % F TIHEML S,

APC/AXIN/GSK-3B &K D GSK-3B ZiE ST 5, §5 & B-catenin U U igfbis L= &

FF ATIHI S, ST ONIRNEG . AIRE NI p-catenin 23FRE LN~ L BATT

%o BEWNIZREAT L7z B-catenin IXER G K- CTdH D TCF B LU LEF LfES L, FIROBIE D

FEHL AP L. & OfE5E Wnt/B-catenin signal pathway 13- o BEFESC 23k &2 HilEI 4~ 5,

Z @ Wnt/B-catenin signal 2 EEEZEMEOEIRIZEB W TE Runx2 ORBLEZFHE L, BHEBLIO

AIRACIZEE G- L TW D TREME N Z 2 B D,

AMRES IR E RO . BT REMAT R L O L 7 EREHAT 2 1 L T, Runx2

DFEBLA S L7- Wnt/B-catenin signal (& & 2 HERI R EERZ D2 M3 L OMEIRIKIZ DUV TR L

7"4
—o
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4-2 - MRS DT

4-2-1 : BEEEN)

ST HREE & 4 2 HEMI BB HAA%  (Non-degenerated nucleus pulposus ; NNP) 1 7 AL il i

K12 W AEOE— 7V R 6 BEL D EREL 7=,

Fo, BMELUTHERIB I & LT, MRV =T IR LTI =F 2T - ¥y s AT

 (MD) X0 PRI CfiH 7 HERIH ' (Herniated nucleus pulposus ; HNP) % Af&

FHOAFE U=, HERIAR A~ = T IZFER L 7= MD 134 15 58 19 HERE] CTd » SEH4FERN T 7.0£2.5

% Cdole, BTOEFIIAERES L T7EefEe 2L, MIEmERE 2 —T2

Wik KONREMT ORI b D TH D, JEBIOFEMZ K 4-112F L iz,

B ENI- 7T, MBI IC WS S DX 4% 3T RV AT VT R O(PFA

Sigma-Aldrich, St. Louis, MO, USA) &iEIZiIRIE L. 4°CTRFF L7z, F7= Real-time RT PCR

fEMT I D b D1 TRIZOL (Life Technologies) (Zi2i& L. -80°C TIR1FE L 7=,

4-2-2 : B3 OV MERERE O FEG = r fAT

K7 VV—RIZGELEZNZENOMEMBK XY HNP 1%, B 3 <IZ 4%PFA

(Sigma-Aldrich, St. Louis, MO, USA) IZ{2IE L.3 B/ 5 4 HRENIE T Y BEELBEEIT > 72,

WNTT N A= L RINBIOF T LRI LIZBiKEB K OCEREZITVD., T T TR
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I (Leica Biosystems, GmbH, Germany) (2l L/ XT7 7 7oy 7 ZAER LT, 1ERL LT

WTT74r7uy7EI7 8 b—A% M L TR 5um OJF S (23] U] i 2 1Rz

A Z A K27 Z A(Matsunami Glass Industries, Ltd., Osaka, Japan) (Z#it-, Slide warmer | C—Hft

e ST, ACTHRIF LT MBI LT2N T 7 o DU IR LT OR GBI LD e LT,

Hematoxylin-Eosin e 4|3 REBIZE A H #Y & L | Safranin-Offast green YL 4 (XA S 7o Atz (b

7Y a7 eRe 7 vn s gEOMSNEE O Z A & LIT-o72, A Th

JRACFEE DR % Hif & L7= Von kossa Y4 i 41T - 72, & 51T B-catenin 3 L TV Runx2 D %

NRUERBOFHEZ B & LT, it B-catenin HT{A (1:50 dilution; Cell Signal Technology)$ k&

O Runx2 HifA (1:200 dilution; Abcam) i L 7= o g et 217 - 7=,

TRBUAR & LTI Alexa Fluor 594-labeled secondary antibodies (1:500, Life Technologies)¥s &

" Alexa Fluor 488-labeled secondary antibodies (1:500, Life Technologies)z i L 7=, 1 Pk

DO SOSRFNITIIEAMNZ A C T T 24 R & L, “IRPURICBE L TIE=EIRCc 20 ol & L=, —

WRPUR & DIIGHET L= > 7113 PBS THei% . VECTASHIELD Mounting Medium with

DAPI  (Vector Laboratories, Inc, CA, USA) & H U CTEZYvds KL OB A L, s A 2 6

L CIMEMI DBEE 21T > T2,
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4-2-3 : BEAZHARER D D ORIPL o BB & e 5k

PR TV CTHERER U 72 BEAZAILAR 13 1% (viv) penicillin, streptomycin, nystatin (all antibiotics from

Life Technologies) % % ¢¢ Dulbecco’s modified Eagle’s medium (DMEM)/F-12 (Life Technologies,

Carlshad, CA, USA)IZERAF L7z, £ D%, H.5HIZ 10cm dish (Falcon, Franklin Lakes, NJ) PN T 2

A &AL TR 2mm AERIZEI D . 0.4% (w/v) pronase (Sigma-Aldrich, St. Louis, MO, USA) %

Ete DMEM/F-12 HIZiEE L. 37°CE L O 5%CO, BilE F T 2 Bl /- 0 BEE A 21T -

7o pronase (2 & 2 EEFELEL DI o 7o #A% X 50ml (Falcon) F = — 7 Z[ENX L, PBS

(Sigma-Aldrich, St. Louis, MO, USA) T¥E#4#% . 1500rpm “C 5 43 il 0 L i 2 #57C.0.1% (Wiv)

collagenase type 11 (Sigma-Aldrich)3 X O Bk o HiAHK % & T DMEM/F-12 F12i2iE L, 37°C

B LN 5%CO, BjEE FC 1 BT 7o 0 BERLEE 21T > 72, 7233 pronase 3 L O collagenase

RPN TR, BTEEEOTEMEOME &2 5720 FBS FEOIME % & iR O &

[El6E U7z, MESRALERIC XV BEEE U 720 cell strainer (Falcon) Z- s & B C A5y 7o st 55

B &R, 50ml (Falcon, Franklin Lakes, NJ) F = —7|Z[E|IX L, PBS (Sigma-Aldrich, St.

Louis, MO, USA)T¥#ti% L 7=, 1500rpm C 5 4y filim0 U CHRIfE 2 A1 U 7=, [FIU L 7= fffa

I& trypan blue (2 & 0 ZE#ffla & fEid L7z,

FEROFNEIC L0 HEE L - A2 SN WA H T2 . FRIC =RotERE T 25

HRENZDOZ 0 Lz, ZOFINEE L TiE, £7 low melting agarose hydrogels D3 K% 2%

DRI/ X 91T 1% (viv) penicillin, streptomycin, nystatin (Life Technologies) % & ¢
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DMEM/F-12 |ZW& L. WBIBIELRT % THNZ L T agarose DK% 52 RIS BT, T D%
BENRTRLOE/HL, avIFx—varvailkdabicr ) ry7 08—
(Millipore, Billerica, MA, USA) Z fil S AN EDRELIT > 72, Ak L 72 agarose
hydrogels (% 50ml 7 = — 7 (Falcon)lZf%& L7-, EFEOFMEIC & 0 BHEEL 7~/ 5 x 10°
cells/mL O % C agarose hydrogels & & L, ¥—IZIRS D L2128y NEHWTHEEL
7o MM ZIERET 52720 . FEATIC 12 well culture plate (Falcon) (2l % & % 72\ agarose
hydrogels % 0.2ml A#v, & 4°CIZFHE U7 rin 2 Tl S H 72, Ui cell-agarose
constructs 7> S8k L7 Ml g T 2 5 2 & 2B IET 5729 Th 5, £ iz, 0.5ml
@ cell-agarose constructs Z#&fE L, [A U <K 4CICHEE L= RnAlZ W CTREE S B 7,
fifi{k, 7= cell-agarose constructs (% 10% fetal bovine serum (FBS; Life Technologies) 5 X T
1% (v/Vv) penicillin, streptomycin, nystatin (Life Technologies) % &% DMEM/F-12 % B3k & L
C 25 KM L7z, B58iid 2 BIC 1RO HE TR LT,

HiEHsag & LT, 12 well culture plate (Falcon)(Z BEffE L 7= /fla 2 Ei#2, 4x10% cells/mL oD
FECHERE L, 37°C, 5% CO, fFfE FCT80% 2> 7))Vt MIED E THEEIT -T2, HEK

X2 BHIZ 1 RIOHBE TR LT,
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4-2-4 : ¥ifb UV F v 4 (LIiCl) B8 L OFH535 (2 K 2 J8dE

GSK-3p DOiFEMILEAITH 5 LICl (Wako Co., Ltd, Tokyo, JAPAN)IL, FIEMNICEIT S
GSK-3B 12 & % B-catenin ® U U ig{bis L OVKR Y €% F (LA BHE L. B-catenin DN
FE 214, F7= FH535 (Sigma-Aldrich, St. Louis, MO, USA)iZ Tcf/B-catenin signal O 1%
T . p-catenin |2 L > TR S5 FRODE T DEEHEMEEZIHIT 5, T2 ok
L. BEEE IR D BERHIIN N TEERIC Wnt/B-catenin signal pathway 25EFE L CTWv5 Z &
ZHERS T D T2 OICARET T L7z, LICH TR E 4 20mM & LT, %72 FH535 [T f
JEEEZ 30 uM & 725 K 912 DMEM/F-12 TR L. 12-72 BsRIC 7= 0 538 T CRUEAT

> 7z,

4-2-5 : BAn-F-IE BUAT

FREX L 7= BERZAIAR 35 IOV HNP 13 TRIzol (Life Technologies, Carlshbad, CA, USA)IZ{Z &4 .
RY b REDFA P —2MEA L THIEL, 7 e Rk 220U ColEk,  RifzmE
XL 7=, B L7z E3E2> 6 RNeasy Mini Kit (Qiagen,GmbH, Hilden, Germany) % f\»C RNA
Z i L. 260/280 nm O R CHIE L7-, fliH L7z RNA 2> 5 A5 SR Z L W (Super Script
VILO cDNA Synthesis Kit; Life Technologies) cDNA % &% L . -catenin, Runx2, MMP2, MMP13,
wnt inhibitory factor 1 (Wif-1), Col1Al, 3 X O transcription factor 7 like 2 (Tcf7L2) D38 EL & %

HIE L=,
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F7- ZWRITEREE FCHE L, LICI 38 X OV FH535 12 K 2 BHEZ 1T o 7o Bl o, k&g

ERICTFIEIZ LD RNA ZHH L, Z O E % 260/280 nm O£ CTHIE L7-, i L7= RNA

7> B RS &V (Super Script VILO cDNA Synthesis Kit; Life Technologies) cDNA % & %

L. p-catenin, Runx2, MMP13, wnt inhibitory factor 1 (Wif-1), ¥ X T® transcription factor 7 like 2

(Tef7L2) DBl & A I E L 7=,

A X ¥ 727" T A ~ —{X Primer Express software, version 3.0 (Applied Biosystems) Tax#t L

Sigma-Aldrich IZ& A KIE L 72 (£ 4-2)

Fo BROBEFORBEIZEA LTI, WL d Kapa Sybr Fast gPCR Kits (Kapa Biosystems,

Inc., Boston, USA) I & U Stratagene Mx3000p System (Agilent Technologies Japan, Ltd.) % {ii H

L 7= real-time-PCR %% V>, beta-actin 2 =22 b —/L& L7ZAACHIZ L VM L7=,

4-2-6 : FHFALEGE O 2

BeAe U7 M O HEAERE 36 L OVH 6 AN 70 Al I E 2 e R8 3~ 2 72 8012 WIST-1 cell proliferation

assay (Roche Diagnostics K.K., Tokyo, Japan) #1772, 96well plate (Falcon) - THz# L 7=

JElz, B5EHR & 1:10 OEIA CAIR L= WST-1 solution % 200ul #shi L, 37°C, 5% CO, 171E

TC 1WA F 2= K L7k, 440 nm O E T Micro plate reader (Powerscan

HT; Dainippon Pharmaceutical, Osaka, Japan) % Fi\ N TG EE DIE 217 - 7=,
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4-2-7 + BEFEHMIE O R O S AT

AR5 M 2 £ 7= cell-agarose constructs 13 4%CMC (Leica Microsystems, GmbH, Germany)

ICIRE L, IR EHED CHEICHE S, 7y 7 2B Lz, fERRL=7 ey 7137 5

AF b =2 HWTHK 1opum OFEIIZHEY L, 2T A4 K7 T A (Matsunami Glass

0\

Industries, Ltd., Osaka, Japan) (Z#t, -80°C CLRAF L7, 1ERK L7-BiREEI L, flao ke

#5242 HMY & L Hematoxylin-Eosin Yt 217> 7=,

HAEEI A, BeEANC R T A v—oOxERZ A L, SR TRE S 2%, 95%T % /

—/LC 15 SMEEZIT - 72,

—J5. HBREEICBIT A Mla 0 Frf T LTiX, IAN—27 T X BICHER L, HE S

WM 2 SRR Z L ICEIR L, 9% T ¥ / — /LT 15 Sp[HEE Z1T - 7otk

Hematoxylin-Eosin Yuta 21T\ ZRE 2 3l L 72,

4-2-8: T x AX Ty MILDZ T BB

VAL T ay MR DZ 7 BIEBUFENTIZIX agarose hydrogel ik % o /327 B D

WAERRNT L7210, HEREEMRHV -, FIREICEITS LICI B L0 30uM (2815

FH535 |2 & BHEZ 1T - 7=, Jk#& L7= PBS T 2 [EIei% L 7=, % D1% Protease Inhibitor

Cocktail (ProteoGuard; Clontech Laboratories, Inc., CA, USA) % ¥#shi L 7= RIPA buffer Z i L.

HR 2 Rleded L ONESAR L 7=7% . 4°C 12T 10000rpm T 10 4y i Doy Bl A 1TV )y, bia & o
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SNIEMMRE L, 2N BRI e T A4 7 v A% > b (Bio-Rad

Laboratories, Inc., CA, USA) Z{#ifH L, 595nm O EICBIT 2WEEEZRET 52 L2k b

TEERE AT o T2, IBENH LN E 2o 725 37 EiiHiRlE 2 X SDS sample buffer % 7SN

L 95CT5 MM LAVE S, £ D1%-80C TIRAF L7,

FROFECIOVER U7 N7 BRI RY) 727 U7 I R v aEA L,

SDS-PAGE (20 pg/lane) %47 > 7=, JkENE T 14, 7 /L 2 B0 i L PVDF &£ (Bio-Rad Laboratories,

Inc., CA, USA)IZ X > /R 7 E HH5E U=, BRE08 & T L7Z PVDF X 5% A A V7 254

9% Tween 20 % & ¢¢ Tris-buffered saline (TBST; 50 mM Tris, pH 7.6, 150 mM NaCl, and 0.1%

Tween 200 L CAC T C 224K 7 v v X o JWUH A T o7z, 7y XU 7T, it

B-catenin Ht{& (1:1,000 dilution; Cell Signal Technology). #t p-p-catenin £ (1:1,000 dilution;

Cell Signal Technology)3 & U'ht Runx2 Hitf& (1:500 dilution; Abcam)z i ff L 4°C T CT—Be s

SHTe, ZIRPURICE ARSI —ATT 4 v ¥ a ULt F o F—EERL Y % 196G i

& (1:2,000 dilution; GE Healthcare Life Sciences, K.K., Tokyo, Japan.) T{T\, FEIGIIIE

ECL Plus Western Blotting Detection System (GE Healthcare Life Sciences, K.K., Tokyo, Japan) %

fEF L7-, J8€ X 17- PVDF (3 ImageQuant LAS-4000 Chemiluminescence & Fluorescence

Imaging System (GE Healthcare Life Sciences, K.K., Tokyo, Japan){Z X V 32 L7z,
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4-2-9 . KEEHFRIMENT

MRI signal intensity & Z1EIZEIH> 5 mRNA OB EOFBIVEIZBI LTI, Pearson’s

correlation coefficient Z{#/H L. Grade 1 & HNP {2317 % mRNA OFEEOFEVIZE L TiX

Mann-Whitney U test A ffi 1] L 72, & OO HERFRIMEMT 1213 Tukey-Kramer method Z 8/ L |

P<0.05 #ff-o THEZEDV LHE L=, WITNORHEFHIfENTH StatView 5.0 software

(Abacus Concepts Inc., Berkeley, CA) & f#i ] L T{T- 7=,
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4-3 : FEE

4-3-1 : HHAk R fEAT

Pfirrmann grading system |Z X > T/3¥ S u7- Gradel, 3 35 &L OV HNP [ ZZEMEOHETTIZLE 5 sl

) 2R B 2 b & ok L=, T 72 B Safranin-O OYe M DR T 36 K OVE IR L fEIR O ik

D B, 2T MMP13 [EHERI ORI G 3RD Sz (K 4-1), & HITEsE N mEieils

XU EBHEOEITIZHE S B-catenin BEMEMAZ O MAFRD Bz, S 512 B-catenin (25 %

SRTHIIC BT D Runx2 OO ELSR OB ER H vz (X 4-2),

4-3-2 : MRI Signal intensity & Z81EIZRE4> % mRNA O3 81 & D AR B

MRI @ T2 S8EFFEARIZIT D BEZALRR O BE O ™I, ARRFHT & 2 fEHT OfE 5L,

p-catenin, Runx2, Col1Al, 35 X% Wif-1 D mRNA B BRI & AHREVEA AT 5 Z & 3o h

S72 (p<0.001; X4-3), ZbHDOFERNE, p-catenin, Runx2, CollAl, 3L Wif-1 (8%

BB 5 2 R ENT,

4-3-3 : HNP (25 1F B K FlE (s - D5 Bl &

SIBIERLEIC 0 i S 7o, S L 7o HERIBU L C 1 Gradel OOBERAMLAR & ez L,

B-catenin 3 XY Runx2 @ mRNA OFEBLENSFAZEIZHI L TV e, Mz T CollAl BL T
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MMPs (MMP2, MMP9, MMP13)7¢ & D3 HL & 1ER O &8 D BN L TV 7223, Wif-1 O F 8l &

KT LTz (14 4-4),

4-3-4 : LiCl 23flaic 5% % s 2

20mM @ LiCl #shic Xk 2 iiadcds K OIaIZ e~ D 288X, 48 FFE OJEAETIXB 572

H DT o7 (M 4-5AB), F7c —KIuEREE FTHiEE L7IIC DT 72 IS o

7= % 20mM O LiCl I & 2 EIEIC 5T BB 522 Z5kidaR b ies o7 (X 4-6AB),

4-3-5 : LiCl |Z L 2 E588 /iR 2351 % B-catenin 35 2 TF Runx2 @ mRNA FEHL &~ D 52 %8

—“IRITEREE T C 72 BRREIZ 725 LICHIZ X 2 HIZ > T Runx2 OFEBLEITHEM L, 48

If ) D B EE 2 12 B\ T AR ORE R 23EF H 72 (X 4-5C ; X 4-6C),

FH535 zfifi Jf] L g-catenin DIEMEZBHE L7256, LICHZ X V(& S 7o iEPEABAZE (2] &

nDZ Libinolz, — 75 Wif-1IZB L TOAIE, LICI DIEA/EIZ L0 B EHMET L, FH535

Wz X v BHRERMEE L (K 4-7),

4-3-6 : LiCl {2 X 2538 /MII2 3 1) 5 B-catenin 38 L OV Runx2 D & /87 EHLEO AL,

Ve AKX Ty NMOE AT ORER. 10mM 3 1OV 20mM OJEEERS T B LIiCl O Ysne:

(2. B-catenin BILORunx2 DFBFENEML TWD I ERHALMNE o7, £72, U B
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{t. B-catenin O FEHL &L LICI DEEIZ L VIR T T 52 &L E o7, £ LICIHITE D

B-catenin 35 X OV Runx2 OFBLEOEENNIL, FH535 (2 X 0 A E 6 <z,
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4-4 : B

AREETITAR RN, BRI K OX 7 BRI 248 L T, Runx2

DFEBLA S L7- Wnt/B-catenin signal (& & 2 HERIBBEEZ D ZE M3 J OV IKAKIZ DWW THRRET L

776

IR, ERBANOMERIZ IV | HEFSA~ V=T8T 284 RIBRIEN BRI TVD

R, HERIARZEME D JRIR 3 L OYRRBICE L CIERTEARHI RSN L < RS T 5, HEMRZE

M TIIAFED MMPs OFEREINN B35 Z L3> TvA 728 (Le Maitre, CL. 5. 2007;

Le Maitre, CL. 5. 2006; Le Maitre, CL. . 2004; Haro, H. ©.2000) . A#aHIf#HH L7~. CDBs

DOEMERZIZ BN TS FIREORE NS S -, CDBs O O@FEIZIHB T, MMP13

OFBUIRUNX2 IZL VFFEIND Z EMWREBIFLTWVWS (Itoh, H. 5. 2012), Runx2 I35 3

M D oAk & e O JERAL 2 (e LR TR K &2 #5285 RO E2TH 508

(Enomoto, H.%. 2000 ; Komori, T.%. 2005 ; Zheng, Q.%. 2003). % ®3%&HllX Wnt/B-catenin

signal pathway (2 X D flfl & TV, S 521 OA IZBT 2HE IO IERALIZ S B 5

LI TWD (Gaur, T.5.2006 ; Dong, YF.©. 2006)

ARSI AN TEERIZ, Runx2 OFEELHY Wat/p-catenin signal pathway (2 & > Ti%

BINTWD Z & &2MERT 57291, LiCl & ] LT Wnt/B-catenin signal OIEYE(LE 1T - 72,

LiCl X GSK-3p OHEAITH v B-catenin OHIENIRE 2 m D, E~OBITEZIEET S H D

Toh 5 (Hiyama, A. 5. 2010), Fex ORETORER, CDBs HE RO ffiZAMIZIH VT, LiCl
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DYEMIZ LY B-catenin & > /37 OHMIIANERREOIINAHemE S iz, LICI ORI XY |
B-catenin @™ MRNA L UL TORBUEMMBAEL D LT WG FEET 52 (Hiyama, A5
2010; Yingjuan, Y.%. 2011 ; Roberto G.%. 2007), F 4 OfaE Tid mRNA ORBLEO A E 72
HIMIMERE S e o 7=, LICI OER X APCIAXINIGSK3B DA RIZEIT D GSK3B DR
I2 LY B-catenin DX LT DOEERIT D E S TWD, DEY X LT OFEVEREIC
FoTHIERZIENDBEETHS20, p-catenin ® mRNA DFEFHEDHINZHHT 5 Z &
TEE LV, AROFEMETICET 2SS HIGF S D,

—7J7 Runx2 DFEHEIZE L TITMRNA LS LU /37 O ORI RO Sz,
X 5|2 FH535 OEAIC & v B-catenin 33 1 UV Runx2 O F BN fesd S 7=, FH535 [
Tef/B-catenin DIHERTH D72, ZORIRITHOED | FEEICHEIZ ML T Runx2 73
Wnt/B-catenin signal @ Tt THILFHHI 222 1T TWDHZ 2R LTS,

E7o. ARETTIE Wif-1 © mRNA S A L TV H25, WIf-LIZWnt DU 7> RICH
BT 520827 TH Y . Wntsignal pathway DFLER - T&H 5 (Hsieh, JC. 5. 1999),
ZOWif-1iZ~A 7 a7 LA 2 L72MFHI BN T, CDBs O TEBEH L T o 2 &
BB E 72 o7 (Sakai, D.5.2009), Z D55, CDBs OHERIRAMEIAT S 720 B 5
R HDTIHIRNINEF X ARFHIEBWT, BN L Wif-1 © mRNA OIEFLOHER(Z

B L Ci~7=,
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WEOWEIZBWNTHH 7~ CDOBs 12— 27 /L RTh V| 4FlihlL 16-18 7 Al Tdh - 7~

LRENTWD (Sakai, D.%.2009), FHx DLIRIOHEIZL Y, 12 D HAMOE—27 VKT

I3, Grade2 Ll B2 H SN DB OB G N EROK) 40% ez 5, BEIZAMEN B LT

HZERHLMNE RS TWS (lwata, M. 5. 2013), D F Y iEED Wif-1 FHICEIT 5 IS

AWONTBIZITEE L TCWDA LD EGATRERTOHDLZENEZLND, ZOI LMD,

Wif-1 23O W TIINT 2 Z AR E 508, SEERIZ MRI @ signal intensity %

H T x OREHZE W TEH Wif-1 O mRNA OFBLENZEME L & HIZHML TnD Z &R

bhoiz, L., HEEIMRA~V = T ISR U7 ER D BEREL S 7= HNP IZB W Tk, Wif-1

DIEHL RN Gradel DREFZ & L, AREICHD L TWD Z ML E o1, —T5, B

FM A2 STl LICI OIS X v Wif-1 2SE =R L, 202 &3

BT DiFE7e Wnt/p-catenin DR OTEMEAL A \Wif-1 DRI ZMZ TNDHZ L EZEWT D,

PLEDEZE L5 L ZHOPHTIX WIif-1 OFEN#8INT 528, #17H L <IT@id 5

& Wif-1 OFBLEDME T LIGD 5 2 EVRIB I LD,

BERZZEVEIZ 31T % Wif-1 OFEBUCEE 2 | 3R R Tl vy, BEIRE AMEIC BT %

FEEICE U CITHENE(ET S, F O TIX Wif-1 1 ZIFRAEDOBRICBW T, EEiiTkE ok

J&THBLL Wntsignal 2 HCE 2 RE L TERY , SHICWif-l 225 T/ v 277U ML

U A TR A OHEITIMEE SN D & SN TWD (Stock, M. 5. 2013), £7-. Wnt/p-catenin

siganal IZRIEI & OEITIC G B 0 #E OREE 2R+ 5 K1 T 508, Wif-1 1%
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Wnt/B-catenin siganal IZF5HL L. 8B A MR KO Z B TERARH 5 LR ST D

(Stock, M.5.2013), 2N HDHEREHET D &, BEEAMEOWERIZBWNTH, ML IEE

PEIZHEHLT D &1 Wif-1 OFEBADENT 205, M 50O 52 L0 Wif-1 N3 25Z2 LT

EHEOEITR LV RES N TV D RN EZ DD,

W EOHE TIL TNF-o OFEIC X 0 #E /A2 351T 5 B-catenin DFEBLE S HE N L | Wif-1

OFRBFEMNMETT5LE I T3S (Stock, M. 5. 2013), £7=. TNF-o lXBEEZMIRICBWT S

B-catenin OFEHLFEAHIM 2 (Hiyama, .©.2013) , Fx OARIOMRFHIIS VT, invitro

\Z31F 5 LIiCl DEAEIC LV Wif-1 OFBLENED LIz, D% ¥ LICHIZ X% B-catenin DHEAN

(&0 Wif-1 OFBLENMHI SNz L VD) ZEIRBRSND,

X HIZF A& (T8I, CDBs OFEREZAMEDEFE T TNF-a OFEENHEINT 5 EHEL TS

(lwata, M. 5. 2013) , ZMEMHETT L, TNF-a <° B-catenin OFEILEN —ELL EHINT 5 Z &

TWif-1 ORFIIHI SND EHFZ BN D,

AEIOBETTIZ 12 D ABO E— 7V KROBOEH & HIRN & - 7-7- %, Grade 4 UL 124y

JHS D28 UTe AR I REHI WD 2 L3 TE 2o 727y, Grade 4 LA EOBERZHL A%

T Wif-l ORBERFT HLER DD EEZHND, EIZFEBIC Col2-Cre; Wif-1" <7 %

Z W CRERZZEVEIZ 1T D Wif-1 ORSREICEE L CHRER T A2MENH D, WIif-1 DR ITE

MOMITERET DL EZXONDIEFICEHERKNFTHLHD, EOXA I 7Tk

68



ST DNFESNLONETD Z L. HEFREMHOFREBEPAICB W TEZRDO H

LT EREEERZBND,

AREETITAR RN, BRI K OX 7 BRI 28 L T, Runx2

DFEBLA S L7= Wnt/B-catenin signal (& & 2 HERI B BEEZ D ZE M3 L OV IKAKIZ DWW THRRGET L

7oo ARFHZ LD . CDBs OHERIMZ M I L OVHKAKIZ Wnt/B-catenin signal pathway 7374 <

Mo TS Z ERFFA I, X T Runx2 ORHFEICHE L TWAH Z EVRBSH

776
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4-4 : /Mg

AREETITAR RN, BRI K OX 7 BRI 248 L T, Runx2

DFEBLA S L7- Wnt/B-catenin signal (& & 2 HERIBBEEZ D ZE M3 L OV IKAKIZ DWW THRRET L

Too 32 EICFLHE Lo FIBIC K D BMEOREZ 588 U-#itZ 2/ LT, B-catenin B3 LW

Runx2 D Eguta 247 - 7555 BHEOEIT E & BTG OFENEINT 5 Z L R3H X 5

L 727, F£7= MRl signal intensity O T & B-catenin 35 & TY Runx2 @ mRNA O 38L& (2B

L CHHHBMEDGRD H L7z, invitro (2351 2T Tl LICl DEAEIZ L D B-catenin D & /3

7 B LUV Runx2 @ mRNA B X O 37 OFBLDHEIN L, p-B-catenin DFBLUTML T L7,

LiCl iZ X V& & 7= p-catenin 38 K TN Runx 2 OFE BN, FH535 (2 L 0 #fl S vz, LL

ORI CDBs OHEMRZ M L U IKAKIZ Wnt/B-catenin signal pathway 7237 < 727

o TWAHZ ERFEFH SN, AT RUNX2 OFBFHFEICEE L TWDH Z LRI,
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Table. 4-1 Summary of intervertebral disc disease data.

Location of lesion

Casel MD 6 T13-L1
Casel MD 9 T13-L1
Case3 MD 6 L4-5
Cased MD 9 T13-L1
Case5 MD 5 T11-12
Caseb MD 5 L1-2,12-3
Case7 MD 5 T12-13
Case8 MD 7 L1-3
Case9 MD 7 T13-L1.L1-2
Casel0 MD 9 T11-12, T12-13
Casell MD 5 T11-12, T12-13
Casell MD 6 L21-3
Casel3 MD 3 T13-L1
Casel4 MD 12 T13-L1
Casels MD 12 L1-2

MD: Miniature Dachshund
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Table. 4-2  Primer sequences for realtime PCR.

GeneName Gene Symbol Rd. Sequence Primer

Reverse: tggacaaagggcaagatitc

Reverse: cagcgicaacacc atcatic

Reverse: afatccatgocgaaticetg

Reverse: taagigaaggegigigtige

Reverse: tecigicgigattgggtaca

Reverse: cgcacccttgaagaagtasc

Reverse: tacacgcgagigaaggigag

Reverse: ggtecttggagtggtcasga

Reverse: tgcgt gacatcaaggagaag

Dog-specific primers were designed using Primer Express software, version 3.0
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Herniated NP
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Von Kossa
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Figure. 4-1  Herniated canine nucleus pulposus (NP) cells shows typical degenerative histological

changes. Lack of Safranin-O staining, calcified area, and MMP13 positive cells increased with the

progression of degeneration. Scale bars indicate 100 pm.
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Figure. 4-2 Tmmunohistological evaluation revealed that 3-catenin- (red) and Runx2-positive

(green) cells increased with the progression of degeneration. Scale bars indicate 100 um.
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Figure. 4-3  Magnetic resonance imaging (MRI) signal intensity and mRNA expression

level in nucleus pulposus (NP) tissue are correlated.

The mRNA expression of B-catenin, Runx2, Col1A1, and Wif-1 increases with decreasing

MRI signal intensity (p < 0.010).
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Figure. 4-4  Herniated nucleus pulposus (NP) tissue exhibits high levels of B-catenin, Runx2,
and MMPs mRNA expression, whereas the expression of Wif-1 decreases. Significant differences

between the controls and herniated NP tissues are indicated by * (p < 0.050).
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Figure. 4-5 Effect of LiCl supplementation in monolayer-cultured nucleus pulposus (NP) cells.

(A)Supplementation with 20 mM LiCl does not influence NP cells viability.

(B) Hematoxylin and eosin staining of monolayer-cultured NP cells treated with or without

20mM LiCl for 48 h. There is no remarkable difference between treated group and control

group. (C) LiCl supplementation significantly upregulates the mRNA level of Runx2 in

monolayer-cultured NP cells at 48h.
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Figure. 4-6  Effect of LiCl supplementation in 3D-cultured nucleus pulposus (NP) cells.

(A) Supplementation with 20 mM LiCl does not influence NP cells viability.

(B) Hematoxylin and eosin staining of 3D-cultured NP cells treated with or without 20mM

LiCl for 72 h. There is no remarkable difference between treated group and control group.

(C) LiCl supplementation significantly upregulates the mRNA levels of Runx2 in

3D-cultured NP cells at 72 h.
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Figure. 4-7  LiCl supplementation promotes mMRNA expression of B-catenin and Runx2 in

monolayer-cultured nucleus pulposus (NP) cells. LiCl supplementation significantly

upregulates the mRNA levels of Runx2, MMP13, and TCF7L2. In addition, FH535

significantly inhibits the upregulation. LiCl supplementation reduces the mRNA expression

levels of Wif-1, while FH535 rescues Wif-1 expression. Significant differences are indicated

by * (p < 0.050).
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Figure. 4-8 LiCl induces Runx2 protein expression through p-catenin accumulation in

canine nucleus pulposus (NP) cells.

(A) Significant increases of B-catenin and Runx2 are LiCl dose-dependent compared with

the control group. Phosphorylated B-catenin levels decrease in a dose-dependent manner.

(B) LiCl supplementation upregulates the protein levels of B-catenin and Runx2.

In contrast, FH535 inhibits the upregulation.
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HERIRR A~ L =718, HERIABERZ O ZMEICER T 2KETH Y . F - FHEHKEOT TR Y

FIESEDEVRBOOL D TH D, HERAEMEITER S 2R L OBt gt

X, EEIEER L OURREREE 2D QOL DI FAIEL 72, T OJRIKAEIIZES I L UL

EEEBICB W THERER S TS, BEAEGBERERTOT -2 12k 5L, BAEN

OHERIMR~L =T 12 X A ABEBEIIL 7.4/1000 ATH Y . FEK 5 FADRFEHREZZIT TV

HEINTVD, ANAD 8 BB 2 &b 2 IR D 72 5K & 72 D HERI R~ =

T O REEERICHENE 52 2 BEROEMPMRE S TEY | A2 - BHFR

WCRERMEE 72> TN D,

Z OHERFIR A~V =713, BREFHEICB W THRERKBETH Y . A XTI L i

REFEED E-HRINE > TS, tHMEEWME L TOA XOEEHEENENT D254,

AT B LML TS (Bray, JP.5.1998), 1 X OHEMIR~L =T OJERE & b & [FH

RIS, TR L ORI iR (SR K 5 EBfE S, RREREE TH 5,

A XOHEFIRA~V = TIEFRAERIT, A XITHRETHTXTOKRBD 2% % 5 5 2 & 233k

INTEY ., HEMROZEMERERIZHE-S T Hansen T L & TR A8 S 115, Hansen T i~ L

=70, RT3 D TRl OE FoE s RFE (Chondrodystrophoid Breeds : CDBs) CT%

<EO B, AV KUK U - HERIARBERZ O FAEE ~ DR i 2 K & 4%, CDBs Off
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FIMRBERZ T RN EME L, AR 1V EEFHLE T L TEEPEITL TS 2L bH D il S

NTW52% (Braund, KG. 5. 1975; Hansen, HJ. 5. 1952 ; Gage, ED. 5.1975) . HERI itz o F

Witk X ORI, BHEMRORD S L2 "3 & S Tb (Braund, KG. 5.

1975;  Hansen, HJ. 5. 1952) . #F SZMAa l IMERIABEEZ 2 HER 32 2 FEFEO MR D 5 HD—>

THH2, b 1EITEMRERR CH L, Zhb0 2 BEOMIIZME TH Y | K

B L BRI ERE 2 B L, BRSO o SN R O Ty T A Z —Z Bk

L T2 (Horner, HA.5,2002), Z OFRMANL T Zo X, T v B L OFERE R

PERFEOBEEZ ClIFF R T EEAFAES 5 23 (Aguiar, DJ. ©.1999; Gage, ED. %,1975) | & I,

F36 LU CDBs ORI TITFIICTHA L, BHECE MR E B L TLE D

(Braund, KG. %. 1975; Oegema, TR, Jr. 5. 2002) , Z D F R AMMLD PR A3 I D ZEMED JFIA &

ENTEY X DT=h CDBs (ZMOBWE &t LHERIRZENEDOHIZEIZ BT 5 e hOET /L

e L TELTWDE SN TWDA (Cappello, R. 5. 2006; Sakai, D. 5.2009) . HERIARZ

BT D05 EWFRIIe A T = X BT RIE AR SN,

HERIRRBERZ ZEMEIZ 36 1T % 0 T AEW A 00RE T 2 SRR 2 556 . BEMiE 2 VW o il 39k

HICEERFEOO LS LD, L UHIMIRIIESERAIFIC L > Ta< RS E 2%

BLL, SHITIFEWREIC L - TH b et & &% 72 5 (Chou, Al. ©. 2006; Gruber, HE.

%.2000; Hutton, WC. ©.1999; Wang, JY.%.2001), &% &% 28 OBz Mmoo FREA

DN TOBRBNREINTWAD A (Horner, HA. . 2002 ; Gruber, HE. %.2000; Hutton, WC. ©.
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http://www.ncbi.nlm.nih.gov/pubmed?term=%22Wang%20JY%22%5BAuthor%5D

1999; Wang, JY. %.2001 ; Wang, JY.%.2001) . CDBs R DOBERZMINEIC 51T D B oo R 81

B LTI 72 STV Do 72 2% k4 1 CDBs O BRZ A OB ) 22 558 5tk OR% E

(BT DR 21T O ER Do T,

S DICHZ 1T, BRE LT RE T Tl Lcfimiia 2 i LT, BiZEMER L OaIRL

(2B % A ERIE A BT D a2 1T o T2,

HEFTRRCBERZ CTIZAEPEDOBARIZ BT, 23RS T & % matrix metalloproteinases (MMPs)

DFEBATLHE L, Type 2 collagen (Col2A1) <> aggrecan (ACAN)ZE DHfaSNEE D53 fif 13 ¥

TAHZLENHEIN TS (Le Maitre, CL. 5. 2007; Le Maitre, CL. %. 2006; Le Maitre, CL. 5.

2004; Haro, H. ©.2000), Z#L.5® 9 5 MMP13 1Z Col2Al # frEgic i+ 2 iEETH Y |

MEFIRZE M BB %8 2 v 3 & ST s (Itoh, H. 5. 2012) , = MMP13 O3 8 % 758

T 5 [K7>—>& LT Runt-related transcription factor 2 (Runx2)23 2817 5415, Runx2 138 3

Mg Do & RE M OIE R Lz el LETERZFET 2 ERNFOOESTHY

(Enomoto, H. &. 2000 : Komori, T.%. 2005 : Zheng, Q. 5. 2003) . At B 1 s B oo Y

EAREREE LV Bohvo 7 Runxl 2 & 3% Runx 77 I U —DEETFTHS  (Ducy, P.

%.1997 ; Otto, F. . 1997; Trancey, WD. ©.2000) , = ¢ Runx2 IZHEFIARZEMIZ BV T H MMP13

DREREZFEL, & OITITHZMROERALCHEEE O AR b 2 et 5%, EE Ak

B2 LN ThA (Itoh, H.5.2012), X 51220 Runx2 1B TERAKOBFEIZIB W

T Wnt/p-catenin signal |2 L > THE XD Z & MBS S Tuv % (Gaur, T.%.2006 ; Dong, YF.
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http://www.ncbi.nlm.nih.gov/pubmed?term=%22Wang%20JY%22%5BAuthor%5D

5. 2006) .

Wat/B-catenin signal pathway (235152 U > RTH D Wnt 13, 7325 4 J7 D53 s #

YRVET, BB Y 2 vV a YN OHAICE S E TEME LB TRIFSh, 4]

HIR TRV, s BB, A ORI O - 43k - &) 722 & 2 f4#9% (Logan, C.Y.

.2004) , Wnt/B-catenin signal 1Z73 A BAEE{R & L CHEH S, S HITHFRIZE N TS

HEHERFEEZHSKFOOESTHDN, BIRMEREEEIE (Osteoarthritis : OA) DFEIEIZIS

WTHBEET L LA SN TEHY ., OA OFCEMIAN TIX B-catenin DHFENHETT L Col2AL X°

ACAN DFEABEDME T35 Z E3bnr>TWb (Yuasa, T. ©.2008) , = @ Wat/B-catenin signal

(IHEFRIRBERZIC B W T ORI L TR Y | SO EE L ZR 2R EmESNTVD

(Smolders, LA. 5. 2012; Hiyama, A. 5. 2010), D 7=, BEZEMEOWRIZIBWT, ZMEE

KO L 27535 9% Runx2 OF881I%, Wnt/p-catenin signal (2 & > TREE XL T 5 Al REME

PHER S D,

Wnt/B-catenin signal pathway OHERIHRZEMEIZ IS 1T D Runx2 FBELA~DOBHO Y 2 502

D Lid, HERIRBEELZANEIC B W THEMEICIE A6 O 0 F AWK Z O bM< O LSO

AALRDAREMEN S D, ZDX, AWZETIT CDBs OHEMMZM I X OHIKAGIZE D %

Runx2 M 3& 8~ Wnt/p-catenin signal pathway DB D IZOWTHGFET 5 Z L2 HIE LT,

AL TAT > TR Tl £ MR 5 508 2 O 7o B A VE O /E BRIRFARIE IS SV TR

AT, T ORI G & 0 &R U7 JREMERERE 2> & B L 72/ 2 Fi VT CDBs DOt



MR OO 22 B AT OBUE ISP T D ET 21T o 7. IRV THIURRFZRIMT . 8= T

Mrs KO 87 BRESRAT 2 L T BIREZENERS K OAIRIEIC BT 5 Runx2 DFEHIA~

@ Wht/B-catenin signal D EF 5|2 > Thegt L7,

FOREER  LLTFOERNES LT,

1. MRIEZIREEZ JAW 7o B2 M 0O & A REIE

BRI X PEDOELT & | MRIZISIT % T2 5RFHEIR OE 58 OIX T HHBIME 2 AT 5

EWHESNTEY ., MRI BT S T2 @i 2 V2B ZEEORHE 55 & LT

Pfirrmann Grading System 73 —fxfJIZHW 540 CT%  (Pfirrmann, CW.5.2001), L72>L Z @

FEFTEBRHTH Y, EEFHEE TIE RV THEBE RN L DMRENELLT VW E S

A B D, Invitro (2381 2 REH B 2 (9~ 2 BR. ZPEOHELT L2 ¥ 0 7L ORI,

Ao T R a B X 7R, BUZ AR BRIEEDORE D LEAR R TH - T,

Image J soft ware (NIH) (2 K 515 598 DT 247 - 7-%5 8. Pfirrmann Grading System

IZHBWTC Gradel ([Z73FES LD B DOIT(E ZEN 86 LA LA R L. Grade2 1% 45 LA E 85 K.

Grade3 1% 45 Kifiz n g hER LR oTc, AMFHZI LY 12 » Al WO BEVWEKRTH->TH

Grade3 £ TEMENHEITL TWDHDOMN 21% HFIET D T N7z, Grade2 (IZB L TH

BIRD 18%% 5D TH Y . Gradel DA< BN L TV R WHIGEARIZ 2R D 61% T L R0

ol B FEMBEOWENEULTEY, E7AEME L THEL TS & EX 55 CDBs
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IHEHZ LS WG ILE A, 12 » Hilig &V 9 BUWMERIZEB W T H B O ZEMENH#EIT LTV

L1, FHRTO MRIZ X 252358 < HER S 7=,

2. R 3 OTHEFRT IS 1T 2 i B FR M KA 1 SRHE R A B M i D R B D HERE

CDBs iR OHERIRBEZ AN OE U] 22 iR R O EZ AR & LT, B 3 IRtk & ICR 1T

% §CHE S SR AR M AR A SR D HE I B BB RZ M el D 2 B D HERS J5 I OS] L PEAE S 40 2

RIS EEIC & > TR SN D BUNREEIC O W TR 21T 2 72, BRI LD, — Ry HE

R CIIEENRE < Lb->TLE 9 CDBs O#ifZ#MIIL, agarose hydrogels % fV 7= 25

HREICO 2R =R # 2175 Z & T, AROBEHMMOLHMES< Z LWL

MmEpole, HEERBICBEWTUPENREKZLLTLE BB L LTIE, AKRHEET S

T & DI BEZ MR BERR R ey e e 0 IR L FEEBIERIICHENE T 5 Z & MRS B o

TWbEE X LD, agarose hydrogels TIERK L 72 scaffold N CIIAfaiX M2 2 L, ¥

Bl A ER BN oTo, S HITHEIZAII B & 3T D HIus EE )Y agarose hydrogels

W h 7y TSAIREICE £V BUNRBEZ ST D, UL D REIFOEREZKS

LT, D LTORKDEE~LEFHMENMES NS LD THD EEZHND, CDBs Dffit%

Tt FORIEIEN TN DR, Fox BN LTz in vitro (28T 2T T VI, ANEHE

fds K ORIE B O WG & > THER TH D72l a2t U, HERI R BERZ 25 M D

EBAEFICEIRT 25D TH D EEX B,
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3. MEMRBERZZMEd X VA IRIKIZI W THEEBLT 5 Runx2 (Z%F9 % Wnt/B-catenin signal

pathway o B8 5-12 B9~ % st

KRR RIREAT . BASFIEBURAT I L OV /X 7 B BUMAT 2 £ L T Runx2 DFEBLA I

L 7z Wnt/B-catenin signal (2 JX 2 HERRI#EIRZ D2 M F X OVEIKAGIC DWW TREGT L 72, 26 2 Fi

FLAk L72FEIC KD EMEORREZ 58 L2 fitz 248 LT, B-catenin 35 X O° Runx2 D5ji

Yeta ZAT o TofE R, BMEOEAT & & BICHTTORIMPEINT 2 Z ENWA LN L RoT, F

7= MRI signal intensity DK T & B-catenin 35 & OY Runx2 @ mRNA OF8ELEIZES LT HHBEME

DAFED B AT, in vitro (23S 1T B AT Tl LICI O J&AEIZ X Y B-catenin @ & > 737 3 KL TUYRunx2

D MRNA BLOF 37 OFBINEEM L, p-p-catenin OFEBUIMK T L7z, LICIIZ XV #HE

7z B-catenin 35 KOV Runx 2 OFEBIFENNIL, FH535 12 & 0 il iz, DL EDORERIG |

CDBs O HERFIHZE M3 L OV KK IC Wnt/B-catenin signal pathway 737 < 235> Tnh Z &

MREM S 4L, AT Runx2 OFEBFHEICE G- LT D Z LRz,

PLED X 9 I\ ZARMZE CIIBEZ A VEDFTHIEEICIAE 0 | @) 72553 71k, % L C CDBs OHERM

MR VER JOVAIRIBIC R 1T D Runx2 & BLIZ B3> 5 Wnt/p-catenin signal pathway o 52282

DWW THR ZAT o 7o, ARIOBEHT & o TR B IR R T, HERIBRBERZANEIC IV THAME
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(ZKEHE D 3 FAEMTFRIEBEZ O LM O L SOR A LR D ATEEN D D,

CDBs OBEAZ T F- 1A HERIHUBIEZ DZEMENRFEA L, 1 ikilin £ TIOB U — IR OBIEZ DS R

HROMMICEIR S, ZOBRITHIKIEDBAEC DA, — T CIHFRG BREMERFEOHERMIMR T

IZB U —ROBEEPEJEIC DT RS  (Bray, JP.5.1998), Z @ CDBs DO#fitz DA

BT e N OHERTHEERE D&M & FEL L T % (Harris, RI. 5.1954; Farfan, HF. %.1970; Taylor,

TK.%.1981; Cappello, R. 5. 2006; Sakai, D.%.2009), & b OHEMIAEIEE TIXZEMERH A KL

A 5% (Boos, N.©.1997; Aigner, T.5.1998) ., EAAIZIX CDBs, FE#RE e RFEE L

Tt FOHEMMRAEMIIRE < B 508, MBI LITIEF ICHEEL L T\ 5, %413 CDBs

ORZTITAESR 1 FE2MHFT L CTERMAER Lisd, S E < #o 5

Z Lizmz (Cappello, R.%. 2006; Sakai, D.%>.2009) . @& 0 (Z [FlL PRI HE DS PEA &

D E W IR R AL ORI E 2 R & 35 Z &I k7% (Hansen, HJ. 5.1954; Boos,

N.5.1997; Aigner, T.5.1998) . & h O#EZICB W T HEFRMANIEL 10 A E TITHET D & &

LT 5% (Cappello, R. 5. 2006; Sakai, D.7.2009)

F 72 CDBs 23 FFHRE BLR B M RFERSZ OM OB & it L, BREICEEDNET D LD

ZEE. RHEICHIOEFEENR LD TS Z L EZERE L TWAAREEND 5, M=

WM EHERFT DI F-D—-> & LT SIRTL (sirtuin (silent mating type information regulation 2

homolog) 1) 2321 415, SIRTL L NAD' {&fFPEE A R il T & F AL RESE T o v MiFLIE

IZBWTIE, 720 Sirtuin (SIRT1~7) OIFAENHERINTWAD, 21U SIEEEE Sirtuin O
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JONBETXENENERY | Lk X2 X7 B E L U, RRRF-CRR ., Uk
FHEDOA ML AL MAERET HME N H D LTz, BFHM R EL < O -
ARFEREICB S LTV D Z ERH L MNITR Y > odH 5 (Schwer, B..2008; Michan, S.
5.2007) , AlfE OFE F AR BB R E 2R3 L S5 2O SIRTL IFECE IV T
BEARAEEZLOLHE SN TOWD,SIRTLOa YT 4 a )L/ v 7 77 k<7 A (CKO)
(Col2al-Cre; Sirt1"™"™) Z i f L CTRAHiZe £ 7 /L~ 7 X & {ERL L. Wild Type & OA OHET
Z R L 72 EHC BV T, SIRTL CKO = 7 R 2BV T OA OIHEREITHHGR SN TV D
(Matsuzaki, T.55.2013), 7=, #HEZMIL TIT, 5538 FIZR W TEMERZ B RMIZO SIRTL
DOIEWEZIEIN ST E, TR = AR LW ®ELFET S (Wang, D.
5.2013), FEBFR CTIIBIZICH T 2B ER D722 < R AR BN AT
R UEMENRFHFE SN D CDBs ORiFZIZIHWVTH Z D SIRTL M H0h0bY 26> T s
AREMES BEX OGN D%, RIFFIL TAHALLVWRNATIED 5,

b b OMERRZEEICITEEHRER Db > T b 2 LA ST 5, Seki, S. 5 (2005)
X, Bl FERE NN ) LT A NHEBEMENT 21T > T, CILP (cartilage intermediate layer
protein) BNHERIR A~V =7 OJFIKEIE OO EDTH D Z L &R LT, CILP [Z#E Mo
JABRDOIEENAFAET D X 230 C, REMID EE e ER T CThd TGF-B L#5A L T,
TGF-B IZ X 24 E EE 2 A T B = 293 5, Seki, S.HIZXLAUT. 2D TGF-B %7

HIEIER DS, MERIARA~LV =T ORED 5 S OEWNI D7D E W), CILP OBHDH XA 7D

89



SNP (CILP #2327 ® 395 HEDOT X /DA YAy (lle) A LA =1 (Th)liE

i) ZFio T D AN TIEZ CILP OIEMENHETR L, HERIA~L =T ORIEY A7 BB L% 1.6

72D Z ENRPH LN ESNTWND,

F 7. THBS2 (thrombospondin 2) & HERIBRZAMEIZE D> T\ D & STV %, Hirose Y .

5 (2008) 1% THBS2 IZfF/ET 2D SNP IZ DWW T, HARANDHERIR A~ LV =T BETr—A - 2

v s — VA BT R T o7 A, BHHSNP (B FD W0 FBHDOA » varD%AND

8 ZHODOWEHEMN Y F v (C) MBF I (T) I8 DHEH) (ZIEFITHRVFAE A FL-oh»

ST LHELTWAS, Z0O SNP OJESZMT LLEES NE. 720 AT 9 1.4 1%

BHEFBRA~ L =T IR DT W E bABMNE o7, £ LT, ZOREZMT LILTIL,

BT NBESNDBRICRERATIA IR ORISR, MR/ 5 iR R

ThHDH MMP & OFEAMNMET T2 2 & ZFEH L72, THBS2 # L X7 'EHIZMMP L& L. <&

DOIEEZIHIT D L ENTNLTED, TOMEMET T2 & MMP OFEMER mE D | HERR

DEPE L THERIR A~ L =T 127 003K D EEZ BN 5, 512, MMP2, MMP 9 /=

FIZBWTHERD 7 —R « 23> b a— UHHB#T 21T ->7- & Z A, MMP9 &Iz -INDH

5N VAN o035 72, THBS2, MMPY & s F-PIC ST DS T L L & #

DONEL FFERW AT K 3.0 fF BHERIR A~ L =T 1272 0 0 2 EAVHIIA L7z L

HEIhTns,

MzC, Type 9 collagen (Col9) D KIBMHEFIARZEMEIZB I > TV D &N ) HEHFIET D
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(Annunen, S.%5.1999) . COLA2 IZBW T I Z I v MY P v T 7 or~Da RURED

% %52 COL9A2 DRIEFE Z 5L LTWD, F/o, COLAL /v 7T U b~ AZEW

THHERIREMENE Z 52 L7205, COLIAL SHEMIMRZMEICEI G- L T\ 5 A HEME I & W

(Kimura, T. %.1996; Boyd, LM. %.2008)

Z Ot TIE 25,000 NERGEE L2757 ) 5T A RESHAENTIZ X > T CHST3 (Carbohydrate

(Chondroitin 6) Sulfotransferase 3) @ SNP 2SHERIHRZ IS FRMEBIME 2 £F2 & i ST

% (Song, YQ. 2013),

LLED XS ICESMEI T, b b OHERIRBEZZETEIC B D % 8+ O EE R LR N <

OPHE SN TVD, BREAEBIZIEOTHEE LRV L1370 A5, CDBs OHEM R EEEZ

BT 58T WCET D8I E 72072 b o Tidun,

R 2 SR AEIE I C 35V TUE Mogensen, MS. 5 (2011)  2SHERIABERZ ZEMEIZ B 59~ 5 s 12>

WTHRELTWD, EFICLD L, EBND —ELEMRER A2 & D 10 Ll Eo

Kooy 7 AT NAGEH & HERIMRA~V =TT L2 & v 7 A7 2 R 48500 DNA ZU4E L,

77 LU A NESFT 2 U ORBICEE S 2 B 2 MR ISR~ T2, £ ORI, 12

YR I 2B IE B WO THERRANE &SRO HBIEN B bz, ZOWHET

BT OREICETIEESTORVR, B NOF—X B LEbEEiER. LT

BB T3 B> TW D AIREMED & 5 & #ids L TV 5, FAM135A (family with sequence

similarity 135, member A) . C12H60rf57 (chromosome 12 open reading frame) . OGFRL1 (opioid
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growth factor receptor-like 1), RIMS1 (regulating synaptic membrane exocytosis 1), KCNQ5

( potassium voltage-gated channel, KQT-like subfamily, member 5) . DDX43 ( DEAD

(Asp-Glu-Ala-Asp) box polypeptide 43). OOEP (oocyte expressed protein), MTO1 (MTO1

mitochondrial tRNA translation optimization 1), LOC610634 (similar to eukaryotic translation

elongation factor 1 alpha 2) . SLC17A5 (solute carrier family 17 (acidic sugar transporter), member

5). CD109 (CD109 molecule), Mogensen, MS. 5 1%, LA L& s+ CHERIARZSM: & [5E

DTN ODORHSNZ T L, FFETHHENDH L E LTS,

AWFFENZ I TIIHERIARBIRZ O M1 5 Runx2 R EBLIZEIH 5 Wnt/p-catenin signal &

DUNTHRET L7223, Wat/B-catenin signal LAZMZ & Runx2 38U B 54 B A 1132 < 71ET 5,

ITHEDOIIFEIZ LV . Runx2 Z i8035 0 AW 2RISR 37 5 M2 STy b, BMP, FGF,

LF ) A Vi, TGF-B. = A hr% | PTH, B4 31 D= TNF-a 72 £ 7% Runx2 O ¥ H

ENCHEMECBE D> TV D Z EDUREN TS (Komori, T. 5. 2005), FUTDOAFZETlide & K

YT 'F T —E (HDAC4) 7 Runx2 % EBEAICHIHIL TWD Z ERHEIN TV,

HDAC |37 u~F U HED e X N O T B F AL ZHIE L, BBEKR T OEMEZ T 5

Z L TR OFE &b A FET LT\ b, HDACA KB~ 7 2 3B O B HIE AL L0 1E

HICHENEZ O3, ZoREMT Runx2 Z#REB LI~V A LERTHo T2, Fi

HDAC4 DIEFEHCE JEFr SANERITE IR ~ 7 2 Tid, F OIER(L & /3L S 41, Runx2

KRIE~ T AL FREOFBRAZ R LUT-, Z0OZ 05 HDACA 1% Runx2 ZE#EMHIT 5 Z &
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T, WEOIRKAL &bz Id L TWh S R[EEER S 5,

% 72 Myocyte Enhancer Factor 2C (Mef2c) 7% Runx2 & Osterix O _EJRICIFE L, #CE DR

KAbZERF L, BRREZHE L THD EHESN TS (Alexandre, S. 5. 2011),

Eiboi@ v HEFARBERE I ZEMECIE G O o FEMFRIEEIC L DV FES TV D,

ZDOOLEDVLOZMAES T LiE, IEVIBROTHIERICEN D LEZ b D, HERREE

BTMATHICRBES L TR Y RT v 7T U N —BEREETH L7280, VA NART X —%

AW FIRRAER STV 5, TEOHERIREEICBE T 2O RITATE E L

HLDOTHY, BREABEREICELTCLEELNRENTWS, 7T ) UL VAEZER LT

osteogenic protein-1 (OP1) & SOX9 ®D =D DiBAnT-% U W DM U 7o HEIHBEEZ I8 A3

D& CRAL BT 0T A7 U A ORBENREMLIZE WD @ERH D (Ren, S.

5.2013), FIEENORH LA, 7T ) A NVAEZ VT TIMPL % i FEI 35

SWDETuT AT Y DOEARENENLUT EO®RESFEET S (Wallach, CJ.5.2003),

Mz T, v FHEEHAZIZ % L C Transforming growth factor Bl (TGF-B1) DEAIZ LY 7'

TAT VI DOEARNENLIZET 585D HD (Nishida, K. 55.1999) W FiF 725 5R=E

LAV TORBIIR G TIIN D2, STV RERIC, HERIARZEME 2 30 L, 1B 2l fadt

BOEAZHINSED X0 RBLEFIRRIITERICRIBEINTHL EEXAOND, TDID

b, SORDMEICHTIMENLETHLEEZLDLND,

KL TAT > e Ed Tl £ MR (5 558 2 WO 7o Bk AV o 8 BRIRHIE A IC VW T
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MRETEATV, 2 OFHH TR K 0 &5 U 7= I MEREZ 2> & BLEE U 7= Mika 2 v C CDBs O

AR OO 2 R R OBUEICET 2 MFt 21T > 7o, RO THURRARIMET, s 3

EMT IS LN X R BN 2 LT, SIS L OVAIKIBIZE T 5 Runx2 O3EE

~0 Wnt/p-catenin signal DB 512 DWW TG L7, 20 2 &b HERIARZEPEIZ B9 5 Runx2

DFEBLL Wnt/B-catenin signal 12 X > TIHEEINTND Z EDRIB I LT,
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EiraE

AWFEZAT O IZBR L TRAAFRIE 72 2 THRE & THIEZ 5V £ L7 HARBRE MR R

B FHE RRBIRICELE R DHEEZR LET, EARIEICH LA ZHRE & T

Bhzihv £ LR ERRRIRT: BRARTEEE NIEER, RERAMERRR., (L3

R BEABEE WAEFEE. AIEMERE 7 — MR, AARBRE G

FHERY ISR 2 BOLRTRIE, AP aan, AT < o

%z:;gféé L/jzj—o

ARBFZECHT L. THOTHE £ L AARBREAMPZERT: BREARTFREE, AUER

FRT: BB FAEOERIEHOEZR LET,

Z L TIREIC, REIZDEZVIRNVEIE L & B2 AW IS REE K LU Bllr- K

(DR N LR
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Introduction

Low back pain resulting from intervertebral disc (IVD) degeneration is a leading cause
of incapacity in human and veterinary health. IVD degeneration leads to loss of
proteoglycans and water content in the nucleus pulposus (NP), which contains large
amounts of aggregating proteoglycans and type Il collagen (Col2), typical of
compression-resisting tissues. NP cells display a rounded, chondrocyte-like morphology
and secrete extracellular matrix (ECM) macromolecules composing the hyaline

cartilage.

Cells in the NP originate from the notochord. There is a significant difference in the
lifespan of notochordal cells among different species, and their loss correlates with early
disc degeneration. In pigs, rabbits, rodents, and non-chondrodystrophoid dogs, the
notochordal cell population persists into late adult life. However, in humans, sheep, and
chondrodystrophoid breeds (CDBs), such as the Beagle and the Dachshund, those cells
disappear with age and are replaced by fibrochondrocyte-like cells. CDBs are affected
by a profound degenerative disc disease with early onset, often developing within the
first year of life; clinical symptoms derived from abnormal endochondral ossification
develop between 3 and 7 years of age, with high incidence and high relative risk of
developing disc herniation. Indeed, the relative risk for disc herniation is approximately
10-12 times higher in the Dachshund than in non-chondrodystrophoid breeds. It is

thought that the chondrodystrophoid phenotype of CDB is similar to that of humans.

The mechanism underlying age-related VD degeneration, however, is poorly
understood. Many studies have shown an increase in the expression and activity of

matrix metalloproteinases (MMPs) during IVD degeneration, and prominent ECM
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components of the disc, including Coll and Col2 and aggrecan, have been shown to be

substrates of various MMPs.

It has been reported that, in osteoarthritic articular cartilage, there is increased
accumulation of B-catenin and decreased expression of aggrecan and Col2al. Several
research groups have suggested that Wnt/B-catenin signal play an important role in IVD
degeneration. Wnt signals typically involve a noncanonical pathway or a canonical
pathway, and of these, the canonical Wnt/B-catenin pathway, which activates the
transcription factors T-cell factor (TCF) and lymphoid enhancer factor (LEF) through
[-catenin activity, is well known. When the Wnt ligand is absent, B-catenin undergoes
glycogen  synthase kinase 3B (GSK-3B)-mediated phosphorylation and
proteasome-mediated degradation. When the Wnt ligand is present, it interacts with its
receptor, low-density lipoprotein (LDL) receptor-related protein (LRD) 5/6, which
recruits Axin to facilitate its decomposition. In addition, Dishevelled proteins facilitate
the dissociation of the adenomatous polyposis coli/Axin/GSK-3p complex, whereas
frequently rearranged in advanced T-cell lymphoma/GSK-3 binding protein
(FRAT/GBP) directly inhibits GSK-3B phosphorylation activity. As a result, the
phosphorylation of B-catenin by GSK-3p is inhibited and the B-catenin is stabilized. The
stabilized p-catenin moves into the nucleus and, together with TCF and LEF, controls
the formation of the body axis and somites, as well as cellular proliferation and
differentiation. The quantitative changes of [B-catenin are therefore an extremely
important factor. However, the role of Wnt/p-catenin signals in IVD cells is not yet well

understood.

Another important factor in the process of disc degeneration is Runt-related
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transcription factor 2 (Runx2) expression. A previous report suggested that Runx2 is
also implicated in the progression of intervertebral disk aging and calcification in CDBs.
Runx2 is an essential transcription factor for osteoblast differentiation and chondrocyte
maturation. Runx2 expression is also induced in the articular cartilage of wild-type mice
in early stages of osteoarthritis, and this induction occurs prior to MMP-13 expression,
indicating that Runx2 has an important role in the osteoarthritis disease process. In
addition, Wnt signaling enhances Runx2 expression through the direct binding of TCF7
or LEF1/B-catenin on the Runx2 promoter and through DNA binding of small mothers
against decapentaplegic (SMAD) proteins and TCF7L2/B-catenin to their cognate
sequences as well as protein—protein interactions between them.

The objective of this study was to evaluate whether the Wnt/B-catenin signaling
enhances NP cell degeneration and calcification. We hypothesized that Wnt/f3-catenin
signaling would enhance Runx2 expression in intervertebral degeneration and lead 1VD

calcification.

1. Quantitative evaluation of degeneration of NP tissue

To evaluate its degeneration, we graded the NP tissue based on the MR signal intensity

that was measured using Image J software. NP tissue which exhibits signal intensity >86

is classified as grade 1, 45-85 as grade 2, and <45 as grade 3. The results showed that

the average signal intensity (ASI) of grade 1 NP tissue was 112.3, grade 2 was 68.3, and

grade 3 was 34.2. Moreover, the percentage of tissue occupied by the grade 1 was 61%,
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grade 2 was 18%, and grade 3 was 21%. It should be noted that, although all NP tissue

was derived from 12-month-old CDBs, grade 3 NP tissues were detected, indicating that

CDBs are affected by a profound degenerative disc disease with early onset that often

develops within the first year of life.

2. Variations in Gene and Protein Expression in Canine Chondrodystrophic

Nucleus Pulposus Cells Following Long-Term Three-Dimensional Culture

Specifically, we evaluated the potential of a three-dimensional (3D) culture of healthy

NP as an in vitro model system to investigate the mechanisms of 1\VD degeneration.

Agarose hydrogels were populated with healthy NP cells from beagles after performing

magnetic resonance imaging, and mRNA expression profiles and pericellular

extracellular matrix (ECM) protein distribution were determined. After 25 days of 3D

culture, there was a tendency for redifferentiation into the native NP phenotype, and

MRNA levels of Col2A1, COMP, and CK18 were not significantly different from those

of freshly isolated cells. Our findings suggest that long-term 3D culture promoted

chondrodystrophic NP redifferentiation through reconstruction of the pericellular

microenvironment. Further, lipopolysaccharide (LPS) induced expression of TNF-«,

MMP3, MMP13, VEGF, and PGES mRNA in the 3D cultures, creating a molecular
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milieu that mimics that of degenerated NP. These results suggest that this in vitro model

represents a reliable and cost-effective tool for evaluating new therapies for disc

degeneration.

3. Wnat/p-catenin signaling enhances intervertebral disc degeneration and

calcification through Runx2 signaling

Here, we demonstrate that Wnt/p-catenin signaling would enhance Runx2 expression in

intervertebral degeneration and lead to 1VVD calcification.

NP tissue was obtained from 12-month-old male Beagle dogs after evaluation of the

degeneration based on the magnetic resonance (MR) signal intensity. Histological

analysis showed that lack of Safranin-O staining, calcified area, and MMP13-positive

cells increased with progression of the degeneration. Furthermore, B-catenin- and

Runx2-positive cells also increased with the progression of the degeneration. Real-time

reverse-transcription polymerase chain reaction (RT-PCR) analysis showed that the MRI

signal intensity and mRNA expression levels of B-catenin and Runx2 are correlated in

NP tissues.

Moreover, to evaluate the role of the Wnt/p-catenin pathway in the regulation of NP

cells degeneration, we studied the effects of LiCl on cultured canine NP cells.
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Using western blotting analysis, we found that the levels of -catenin were consistently

upregulated by LiCl. A supplementation of 20 mM LiCl induced B-catenin accumulation

and Runx2 expression. In contrast, FH535, an inhibitor of B-catenin/TCF activity,

inhibits the upregulation. These results indicate that Wnt/B-catenin signals have a

significant role in degeneration and calcification in IVD through Runx2 signal.

In summary, our findings support a pivotal role for culture microenvironment on

chondrodystrophic disc cell behavior and further suggest that the length is an important

factor in 3D scaffolds. Because the phenotype of NP cells of CDBs is similar to that of

humans, these results also suggest that the same basic mechanism of accelerated

degeneration functions in human NP tissue.

In addition, our results suggest that Wnt/p-catenin signals may have a significant role in

degeneration and calcification in VD through Runx2 signal.

Our data support the possibility that Wnt/f-catenin induces Runx2 and MMP expression

in disc cells of CDBs.
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