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Fol EEMAMIVECBITAREREL NO

L. MUREEHEH 2, T, in vitro TIEEEEE
LAFEMBESEHHL, eTLOCBEOSEICD
HEERZRL . OAHT 5 TS-234(100mg/ [B) 0
REEARSOMER _ ESREMEERAR Thi
W, BREEZFRTEHEsTwW WY, BRFOHE
Tii, #25 SOD (ECSOD) AfEF#REEMA L/
ECSOD BHRREMAROETHESICLY, a5—#
FERMAPAZCHHNIATYE Y, 17, O, 5L
TTNOPEESINRIHEITIE, NOIZL T O Bt
fEEhd ZLICE W RESSIM R34, KiSE
B T&H D peroxynitrite (ONOO™) 13V BALiEHE %
FbL, SFICFYTOVBRBFOT I & —
CEHENELLIZD, BEOBEBLIZL » THSMEME
EHIH b,

2.4 BBEIR & NO

BHRIZBWTHL, TNF-a bW o d L b AL~
{% MMP (matrix metatloproteinase) OFHLE L T
v h) w2 ABBICAS LAY, TaFrFruavE
EE AT 5135, INOS R COX (eyclooxygenase)-2
LEDREDATS L~ - BHLT, BEEEE
RERBIIPTLOHBRAT RS, BB AORK
EHE S RESEYA F A RIBICE Y INOS 2 RE
L. 7ueiislAryEEdAsns, FEED
FEBETIZ. OARFHERR T NO L PGE; ¥ B4
T 5, BESEFMBATIE, B, TNF-« , [L-17, 118 &
Vo e RAE¥EY £ B A 4 % LPS (lipopolysaccha-
ride)} FIBIC L 5 INOS OREZASF LGRS Y, INOS
PB-HERTLE, AOTA4 Vv 7+ — LD 1000458
roERY - ZREONOFEEIRLZ dthio

CTHY, EEFENIE S, AREERIIH AR

FORFERELEFET LvbhE, REEBT G
EEOREARFERICE LT L1 R8T 2 56
HHENY, ERICBEY 775 (RA) 2 0ARED
B HEPR CTRESTICELTE VWL~ O NO A
BHEhD,
BASARIC 3511 5 NO EiE
NOREHEDEWI FPANMTH Y, NOSHRES
(NOS) DB E WX W L- 7R ¥= Ui bER S h, B
KLYMV)reELs, NOSRERET S NOS
? 9 5. neuronal constitutive NOS (neNOS), endothe-
lial constitutive NOS {ecNOS) 115587 NOS (ecNOS)
CRHEN, MBARAN YT L4 F ViRE [Ca*T iic
ENANEYV ) YERFECERLESR, LRERS
PHEEER L o rEAOEERER A MD L, —

FVINOS X IL-1, 17, 18, INF-2 2 EOQH A M A14 v %
LPSZ& o TREERFICHEH S h, [Ca™] i FEKEMEIC
G SN2, TS FHEHRL MAPK (mitogen-ac-
tivated protein kinase) T &dlv& L7-3 7+ MiEiE
EIZL > THIEE SN, NF-«B OEEE®{E*E

LTINOS EfEFOREAISFELENS, NF-« B i1 p50
(NF-¢B1) & p65 (RelA) DAFUZEMAT, B¥ 1
«BEREETHREL TCFRERRE LTHERE-SE
LTwWh, Ie-BidH 4 bH 4 > LPSZ: EOFIREI-
JYEBAE, 2EFFAMEEET, YuFrTy—nizk
A5G ET B, le-BOREIZL ) NF- «B (15 1E1L
Sh, ELPICHERIIBITL TS -4 %5 DNA
D« BEFI (GGGGACTTTCC) I2#4 L, NOS, COX-
208, BADREHRT A b I 4 v 2BESTOEES
EE ., EEEEYRE T, MAPK X —/S—7 73 1) —
DpIBDA ¥y —Thb SB202190 . NK-«B D
1Y e¥E¥—TH2% PDTC (pyrrolidine dithiocarba-
rate} ¥ M OA BCEBAEIZEWT 1712 L 3 INOS
RE. NOELELTIWHT 27, Mendes 5 ® 125 L85
AAa% -1 (5ng/ml) T NOKERITH 2 SNAP D
., EFEETICHRM. EMSA T NF-«B 8 LY AP-1
DEHAL%E . Northern blot T INOS mRNA D RE L~
IV % , Western blot C I- « B, nNOS, iNOS DEH L~
TORALHEIT LA, SNAPIZ -1z h&Bxh2
NF-«B Gt & INOS BREZHH L. L1 & i3i1ZFE%
IZAP-1 FiEEE LA &6, NOWRIL1i2 L2 NE-
«B. H 5V IZAPI DEEfLEHET I 2 L 607,

25 NOICLZEBHE (M4.2.1)
251 KFMBOT R~ X
OADRBIIBVTHREBEMBO7T RN —Y AREE
LEh, REEETOE-OREEEERTHLHE
BRI L D RBEESPITO R, BETH
PERTLILEZOND, NOL Fas ¥ EFOERE L
THRESATWEH, +OMOEE. FlZITERE,
ZHRADT UV F—YR2, EERADZANVIILZA, [
RIS A M AL OBB DV TR AUEE o 7
EhNTHs, T/, IGF-1 2 LOEERTFOREE
HOFAL AL VBT R -V ARIETE 2p120
WTHITLALBHEATH RN,
2.52 NO LEBHIROT R =22
ERREMBEIZINO F+—T45% SNP (sodium ni-
troprusside) % fER&¥5 &, HEBEOTH— 2
APFEEND, —F. IL-1 #fEEE¢5 L NO EE
RE(FESNDZY, PRV RRELZNY, &



FA4E RBOLEMEERERSE

DI kid, AEED NO DA TIZTF b — o X H75H
ENLVIEEZRLTWA, 1A, invive Ti2, B
KROGEABIIBOTEE (~5%) CHXRTHLH
KELDTEMN-— Ao BREARFBDHON
b, BETEMBILLIEETY, #MisniE,, Hor
BETHEI TR IV AFRES RS —F, FIH0
HRPLTEF—YAMEST P v 2 ARICED G R
5%, SLIZBHICEEINNOIE. NOFOL DI
L AEROMBEFIZMA T, peroxynitrite
(ONOOH) %4 E'D NOBRDFUCHEZEERI O£/
PET, FRLABEEEELRIET 5, ONOOH It
BHLEBRILAT, SHEOBILCIEED BRI & %
FlERILTHARICESEES AL 4IC.DNA LD
IS LmEESZ. BREERTHI— X420
FTIEFAOLNT S, Loeser HIIEEERA FLAD
BECSMOFOL OREHYECT, EEB LY
ZEWT NV, e OADKFABLBH LAY, ZFD
FOrrREREESBITATHICEELTS
D, EFRECT - L1 DSREir—R L1, —
HOZRTLVEBE T I OFFFEL LID NT e
TELTWALOFLHY | ERMIEEL-BEAML
AR EEREETHLIEAREEIN, OASRS

mechanical stress

_rr

B0 B ERRLE TIE, TUNEL B8, = foF
Oy B (NOKEA2EBAFO S Rt b
T{LDIEEE) & Caspase-d 5 X Uf Caspase-3 ZIHHAY
DAL —FT B, £ HBFHOA YL - F,
=htoFos rBHEE TUNEL BHE=idEHE4
Caspase-3 IR L i { BT A545, RASKEABIIS
WTIE, NO LB 7R b— 3 ALNOMEITE AL I
TYLMEENH )., SLITRINLETS 2 =9,
—77 T Greisberg & ¥ i3 NT BH400 » TUNEL 1%
HRELT L —RLenwI e b B TR,
NOMEFART R~ 20BN —% 71
ERFRIZAWEERBLTWS,
253 XHAZHNMIPL X ENO

ERMETE, BEERICES BASH LS. B,
FICL - THENCRIL, S8 L, BErEEoss
PHEDPOROE TR RETRESIITWS,
OATRIDENFTHBEFIERZLTBY, BErh
FHBRFHICL VBHKTIE DRTIISEL,
KETDOHFOHEE LR T, KEOTMH 1L
v, BERE IS B ERIRRT TR IFIzEE
EEINBZLICL ), BRBETEOMIER. #0ic
SIZMCUEFY I BEL S, CRIZXBFEE(L

" cytokines @

growth factors

activating
enzymes

active MMPs

p | Cartilage matrix degradation
Disruption of collagen fibrit

!l Decrease in cartilage matrix synthesis <

Inhibition of: # :
Type I collagen synthesis Activation of

: ——p
Proteoglycan synthesis caspase cascade

Cell adhesion |
Signal transduction

gl

Ahoptoéis

v -

cartilage destruction
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B2 ERMMEEICSTAREHREE NO

BELTEDLRLN, RETELIAEEL 5y
TR LT i Bz @e v, $5E5
W TEAAZANVA P VAR inviro CERTAH
EELTiRohIT, BESH, BERA ML X,
shear A P VAR ES TSI R FESFHEALGRTY

Bo ¥/, AMVADEBETEEZAD, AL ADE
FOroHBEEOEFIZL- T, KEBBEIZEL LS
ERTILELAOA TS,

Lee 5% 10k AE, OABRBHBE T shear 2 P L
ARG LTAES L URBREEEI. NO BESTET
bo BKEIRZDNOEELZIHIT 5245, AL 2L
LTHLARE NO K EF % 5 1 4\, Shear stress
HEVENOBEEIC L VEESRANOET 7Y
Y.BE I 4D mRNA LRV E T, BRE
ERFESNPIZL A Z0oM#sRs 7O 5 & Liae,
shear stress IL L D BT REICEE TS L o7,
BEL(EFRTHIBLIETONRT Y RITLEY, &
BEEORIFPHBSATHEEEIONE, —F.
Islara & ' IZFEEeA9 % 82K i3 65 Mpa, 4B, 1 Hz
‘T DNA fragmentation. Caspase-3 i&{:{k. PARP &%
LR EARDTHE - AEBETEIEEH
FLTw5, RT-PCR B & TF Western blotting i~ £ 2
BRI O R, 1R T pb3, cmye, bax-« DEBIE.
2EEH T bl 2 DRBET # £ 5 72, Realdime RT-PCR
T 2 B T TNF-a . 4 B5H T iNOS @ mRNA L~
TORBRNELED,

I, ThEICTOEBHOAEFTAOS L,
VBEIZL D) invivo CRELAF_ANVIAPLAE S
By 085, TLEDFEBcBLRAE,
Hashiroto & "R+ TP I L3 EBH 0A T

TRIZBWT, EAENBERT O 63%ICHKFTHEE

DTFEM—VAPFRGNBZIOIH L, ACIT BHE T
L 2B7%DREMBBIZT A =T ARG NBE T,
TUNELBGHEHEEEL OA L — FH A WIINOELS
BEEATIZLEERELTWS,
25.4 NO 29 2 SHEEF B 83D
TREF=2X ‘
BETH, REEEOT N v 7 A0EES 5wt
%/ h% caspase DIEMRIL R L., BREMBEIZ7 R —
VArHETATWRENTESATHE Y, NOOEK
FHRSLUVEECSEZ2EBE LT, QBB
F=Fy,. TarF s s e, @ MMPs OF
L @puA Y77 A LEBAY 7+ LE
EOBRELZEFHELPLEZoTVE Y, T tEE~
MUy 2 ABBICER 2 BE e R0 MMPs DB

BEEIF—F >, FuFrd A% 71 70%%
FTY, FIZVE o EBEAY BT AL THS
HENEE~DEEtBE L TREMBO TR —
A FETLUMERELS 5,

26 PR3O THFIARERE
TERMN=VRAOL T FNADERRIE, D3 by
FUT7ER, OEEDDNAEE, ps3 + A4+ 288K,
@t7 3 FiZkb&EM. @ FasFas ligand % &0
death domain 3 2 8E, @F VoL - x
TN YBERRERDY, TRELEEONAS—2
TTIY -k ERELCHERE T H b= AL H
(o MHBNIE Y O F DBE. DNADKELIZ &
RENEHAC caspase3 DL T 3 » OIS, DNase O
EHELIZ L D EL., caspase3 T & S IZHBAT & +
¥T74F A7 FOGERICL h BB budding 12 2 3
TR RAEOERICEH <. NO H 3 wvit
ONOOH iZ 3 F 2> FYU 7IiZfEA L T PARS (poly
ADP-ribose synthase ) DIEHE(LIZ L ), ZA L ¥F—f
MR ITTRESH A4, — AT OARKBTERICE
WTIE, EEBRFICELT7 R -V R EEES T
5 Bax BREELZZHT. THM— L 2HHElT
H5BA2ORAFELLTWAIELHRELSLTY
59, BaxitI a2 FUT7TOBRIHIELES
PT pore @ VDAC (voltage-dependent anion channel) {2
EHRFALTI I FUTPORBELLAZL L.
Bcl-2 L VDAC iZ#55 LT PTpore 2RO % €5 =5

VA EIBENTWS, T4 it 0A DB LSS G

DI PIYFYTIZBITS Bel2, Bax D BE AT
C. cytochtome ¢ DHEHE, caspase-d DiFHE(L, Fw
T caspase-3 DEHEALAE U TREANICHKTHEICT
RE=VZX2b70TOTRENIEEZTHL,
Kim 5 ® {2 X % & NO #LE 3 p38 MAPK %4 L7
RERRIC L D ps3 EB L UL T DN, caspase-3 AL
ERETHREFHBIITR P -2 258+ 2, NOIZ L
h 5 & L7z p38 kinase IETESLIZ NF- « B iG1£1(L £ 3]
ERIL, —F T8 BRETOESTHEY, FAH
pE3 BRER NOFHOKEMRMBE TR =Y A2 TES
€ 5 #%%, dominant negative p53 2=k 7o v s+ 3
ZEML, pS3 A NOFETFEF— L AIIEELGE
EROLEIONG, pS3 EANEMRII Bax RELE
BT Iy FY 7550 cytochrome ¢ DR,
caspase DEHXFEREI T, NO W L hiEibshn
7= p38 kinase iX NF- «B - L 3 &\ EFiE{L L EED
p53 U YERbE v 2 0DBBIZE N, ®REMBICT
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F4E FROEHETBEMEBE

Rh—PAeFETEEEZIGRE,

2.7 NO #IfC & 28 BREEOMA]
2.7.1 NO E£RBEIC L 55140

NO XA KBIETC Y, FERICLBE I ZFAD
BITHDH™, AL RADEHEHIEICH L TH NOS
DHEEIZL S NOEEAHOBESBRESIN TV,
THXDEZXRBRBICBVTNOS BEATH 3
NG-monomethyl-L-arginine (L-NMA) . IL-1 FZic
I5NOEBEREBLUTOF A7) Ay EENHE
MET 2%, 41 XD ACL FIE OA 7V TILiNOS @
BIREER TH 5 N-iminoethyl-L-lysine (L-NIL) @
THIZLY, REBEE., BRESRSEEICOS S,
MEF BT H LNILIZ S B2 B v TINOS, nitro-
tyrosine, COX-2, MMP-1, 3 DREREHARIT 5P, &
HIRRORICBWTHREFEBOTR -2 X &
caspase-3 DREREL NOSHEMICLWET T L
bBEINTWVSE®,

Mathy-Hartert & = i NOS [BE# (LNMMA), T
E5f&] (NAC). NSAID (Aceclofenac) A%k b OA %k
FHARO IL-1, NO, PGE EE IS X 2 EFE+ T~/
LPS (10 pg/ml) ‘X ML 3 ,INOS, COX-2 DEHR*
FEL,EENPTLNOBLUPGE: ELH#M L7,
—77. 0.5 mM O L-NMMA #LE 13 NO E&£ % 3 < #1183
53—AT,. BELARLOE{LEASTICPGE. ELE T
MigEH7, HICNACRE L IL18 B X U iINOS
mRNA ZHERTHE L £ B IINO EE R TTES 155
COX2mRNA KIEHEALEE+5 13, COX2EL B
& U PGE, E& X EA{ 7 & o 72, Aceclofenac %
COX2 mRNA BRRIZETLF LD I &% (. PGE. E
EFHF L. BLEd 6 ROSIZLPS 2 X 28T
DI-18,NO,PGE. EE*B4 Iz bO—LTE
b, HEAMICLABEEY -T2 T LRSI

Lo TELRAMBREHOIEATRE SRS,

¥ 7z, SCW (streptococcal cell wall fragments) 5
ERERIEMAREERT L NOS [BEA NMMA (NG-
monomethyl-L-arginine) iC& o THIGISh B I &%,
INOS ERHIBEFAT Vv MESELTOH T2
T PRESINTD, —H., WAHINOS / v ¥
T7reT7R227 -5 RBETRLFRLT, REH
BOFhTfTo72%, NOS2A 2T R ka5 -4 1
ETRIEMETH 245 Terato bORIH 25 -4 Vi
&7 7 7 % B i autoantibody mediated arthritis
BERTE2 5, BERAOBFEFERIIENL LLR
BETHY., MHASRE 14 BCOMRBEKEOA

BRaT7LHEBEICEELFR L2, TUNEL FBiEmim.
—roFoy rGEEEELEEICEBE TS o 108,
Mme It B ZEA 7% (. FERZEP DO MMP-3,
MMP9 DFHEZICLETRO Loz, TOIED
5, NOSZ # RELZTTRIIBWT S L1 DELEL
ES LU MMP OEHEINIC & ARSI L
ah¥, RARERECHT S NOS HEHOBEIZ b
BRAHIZENREENS,

27.2 YT FIMREREIZL 3 NO £ mEBEE

Badger 42 L 5 &, p33 MAPK o) FE#] SB242235
B YREAROTOTFA YA s (PG) Bt
PHFAY, T2 il LB PCHREIZL S L&
W, Ll 2L DEFE XN 2 INOS mRNA BH.
NO EEIHEERFRICHNTE®, LI a5, v+
AR TILIL-12 12 & % p38 MAPK S5 12 SB242235
W2 D] & 7oAt INOS REL, NO E4irisis h
Wy, pBBBEEFICLZ NOSREN I Y FO—C
HEBILL > TEWFHAIEERLTEY ., BBRREN,
273 YA bhHAHE

Goodstone & ™ (X, 7 ¥ BB TIE TNF-« i IL-
LINEAIZ (35015 NOEBEZHFETLZ L, IF
BREZEOT7 7V H r&RMfliE+EOI L, Foms
BRI INOS FHEFIC L DV BUENZZ L2 BEL
Too 0. EBIIBT AR UEER TR L AT
INOS BERIC L 2 BB D o7,

Relic 53 (2L 3 &, & MEESREHAED L vtk
BH T T INF-« T24 BRHIMERE, X26IZSNPIZ L
N 24 FFRILE T 5 & | SNP 2 & 5 DNA fragmentation
% Annexin VEESHETH 3 74 b — & AHSEBF 12105
ESz, TNF-q it NF- «B DG BRLTEY .,
T H b= ZEHE 213 NF- «B @ inhibitor THEE L

2o E/ITNF-o i COX2RBELFHL, COX20HE

EHIE INF-a DETH F— 2B EICER LY, DL

LI E D INF-a I NF-£BOEEILFBLT NOFHE

BEMETHEF - ZFMHIL, 2RI COX2MiE
BALELEL T3 EAGRSENE,

—77. Vuolteenaho 5 @ik F QABEE +Hw T,
TNF-¢ 7 % TZX } T& 2 infliximab (3L TNF-« L
18) & etanercept (WBEMEL 75 —HE) ONOE
EXHT 5 EFE 2 H~/:, infliximab & etanercept i3
EHIZTNF-o 22 5 NOEE & B MFFHEICISIL 2
2, ILLIL-17, LPS 42 £ A NO B IHITE 2d o
2o OCABEBILINF-« B8 L UTEWED TNF-« FEHE
(TNFRI & TNFRID) #FAIREICEELTE Y., st
TNFRI (2514 5 P EI BRI CO NO EAE 18
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E2H

S04, AEE TNFRIICH 3 5 SRR ME T 4L
Vahol, E-oTOABRBETRANAMEIIEESRS
FiEHED TNFRI AT INF-o 2L 3 NOELE$ 2> b
O—JWLTWwhEEILNS,
274 YA bH AT & D NO EAMS

4, 010, I3 Ve o KRS A P 4 it

IL-1 2 TNF-a LV o Lo REMEF A b A4 Vi2EHRT )

B, Wang 6™ OBEICLBE, Ty MESHBEICE
WT IL-10 (20 ng/ml) 3 IL-1 \CRSEE L CABBATE % 105
L. INOS 5 L U"MMP-3 DREL T L2, (Wang Y,
2001) 4 DEAEDFFRTIE, W4 EMER F L2
I D EHEHFTTET S INOS mRNA L~ % HEHEH
IET D, T 04 L0 OFRBES 3858
f34Z L 3 IL-Ira (receptor antagonist) DELEE L%
AZERC NI BLUINF« DREBYLZ. #£BIL-
Vi-lra BB EE52 LI, RERESICHE
A+ 5%,
275 EEEFEMNL A NO EEAEHIE

PPAR (peroxisome proliferaion-activated receptor)
y MHABAOEARE BN T AMNEIEED—D
T bF /M4 FXEFE RXR) bAFO-EHK2E
BELTDNADI YN — H 4L g —Eicsk
& L.INOS. COX2#iZL®, B4DnEQOREL I
Y PO=LTw5E, #7574 7D—>TH2 PPAR
y DEMEALIINF- « B & 37 D co-activator (CBP/p300,
SRC-1) # Co TRt T2 728, NF- «B OESEH,
CWTREEZARAT 2, BE. F7 VY »2EH
(TZD) BIUWEMEY #> FTH 5 154 PGL A%, =
T=TYHEEREERT A EIBE I N, Bk
W LIS, MBS PPAR2, PPARy 2 RELT
BHNP, PPARy VA FiIILLICL 28%BEBHO T
O7FA7 VA YEENMR2STIINO BEERICLEE
T 2. 5%, TV o EEEHOMEIC L 258
BEOHHLBEAOND LI EBEbR B,
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Arthroscopic Posteromedial Release for Osteoarthritic Knees

Hideshige Moriya, M.D., Takahisa Sasho, M.D., Sakae Sano, M.D., and Yuichi Wada, M.D.

With Flexion Contracture

Purpose: To evaluate the clinical outcomes of a new arthroscopic procedure, arthroscopic postero-
medial release (PMR), and its potential use as a treatment option for medial-type osteoarthritic (OA)
knees. Type of Study: Retrospective analysis of clinical outcomes of a case series. Methods: Knees
with medial-type OA and flexion contracture were treated with PMR. They were classified using the
Kellgren and Lawrence (K/L) radiographic grading systemn and classified using magnetic resonance
imaging (MRI) into smooth (8} or irregular (IR) groups, based on the subchondral contour of the
medial fenoral condyle. Clinical outcome was evaluated using the Japanese Orthopaedic Association
knee score (JOA score), verbal rating scale (VRS), and patient satisfaction. Results: Fifty-two
patients with 58 OA knees were included in the study. The mean age of the patients at the time of
surgery was 71.6 years, the average ROM was from 13° to 129°, and the average follow-up period
was 3.3 years. Most of the knees were classified as K/L grade T or IV. Overall, the average JOA
score improved to 71.6 points from 56.3 points preoperatively. VRS scores decreased in most
patients, and 76% of patients were satisfied at their last follow-up. The JOA score of the K/L grade
IT knees improved to 76.9 from 60.4 points preoperatively and that of the K/L grade IV knees
improved to 69.5 from 55.3 points. The improvement in JOA score was less for the [R group, from
54.5 to 66.2 points, than for the S group, from 62.3 to 79.6 points. Five knees from the IR group and
1 from the 5 group were converted to total knee arthroplasty. Conclusions: Knees with relatively
advanced OA, for which arthroscopic debridement has conventionally been contraindicated, can be
treated with PMR if they are selected properly based on MRI findings. Level of Evidence: Level IV,
case series. Key Words: Arthroscopy—Knee—Osteoarthritis—Debridement—MRI—Contour,

he application of arthroscopic procedures to the

osteoarthritic (OA) knee is thought to be limited
to the initial stages of the disease. Of the various
~ arthroscepic procedures, arthroscopic debridement is
a widely performed surgical procedure and its effec-
tiveness is accepted by many orthopaedic surgeons.!-s
Some authors recommend that it should be restricted
to patients in the early stages of QA6 and some
recommend that it should be limited to patients
younger than 60 years who have minimal deviation of

From the Department of Orthopaedic Surgery, Graduate School
of Medicine, Chiba University, Chiba, Japan,

Address correspondence and reprint requests to Yuichi Wada,
M.D., 1-8-1 Inohana-cho, Chuou-ku, Chiba-city 260-8677, Japan.
E-mail: wada orthop @faculty.chiba-u jp

© 2004 by the Arthroscopy Association of North America

0749-8063/04/2010-3759330.00/0

doi:10.1016/].arthro.2004.08.018

the mechanical axis.”® However, even when patients
are selected properly, the long-term results of this
procedure appear to be less than satisfactory because
approximately 10% to 50% of patients need total knee
arthroplasty (TKA} within several years.+210 Some
even imply that arthroscopic debridement produces
only a placebo effect.!! However, the merits of arthro-
scopic surgery as a treatment option for OA knees
should be considered.

In 2001, Leon et al.!2 reported that their arthro-
scopic procedure, named arthroscopic decompressive
medial release (ADMRY), provided excellent results for
medial-type osteoarthritis. Their technique is to un-
load the medial compartment by releasing the medial
capsule and medial collateral ligament (MCL) through
the portals used for arthroscopy. They cut the medial
third of the capsule transversely 1.5 cm proximal to
the medial meniscus, and also cut the MCL trans-
versely at the same level, They attribute their success

1030 Arthroscopy: The Journal of Arthroscopic and Related Surgery, Vol 20, No 10 (December), 2004: pp 1030-1039
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Fiure 1. The arthroscopic PMR method. (A) Typical arthroscopic findings of the medial compartment in our series are presented.
Extended eburnated areas were observed both on the femoral condyle and the tibial plateau. Scanty patches of fibrous tissue were also
. observed. The medial meniscus was highly degenerated and tom. (B) The first step of PMR is subtotal meniscectomy: the middle-to-posterior
segment of the meniscus is excised until the joint capsule {*) is visible. (C) Then the joint capsule, together with the attachment of MCL,
is exfoliated from the medial tibial plateau. A periosteal elevator (open amows) is used for this step. After the meniscectomy and release of
the medial side of the joint, valgus and extension stress is applied to the knee joint to widen the joint space of the medial compartment. This
will allow the extension of the knee joint as much as possible and will creatc valgus instability at 30° of flexion. (D) The tendon of the

semimembranosus is visible through the opened capsule.

to a decreased adduction moment and increased ex-
ternal rotation. In 1960, Loeffler?? reported on a pro-
cedure including open resection of MCL for releasing
the medial side of the knee joint as a treatment for
knees with medial-type OA. Several authors reported
success with this technique with middle- to long-term
follow-up. 415 We started to use arthroscopic release
of the medial side of the knee joint in 1997, based on
the successful results described in these reports as well
as on our frequent observation of changes in the

adhesion of the medial joint capsule to the medial
tibial plateau when we perform arthroscopic debride-
ment for medial-type OA knee with flexion contrac-
ture. In this study, we report the results of our arthro-
scopic procedure, which we call arthroscopic
posteromedial release (PMR). We release the medial
compartment of the knee joint by exfoliating the me-
dial capsule and MCL from the medial tibial plateau
after meniscectomy. We have applied this procedure
to medial-type OA knees with flexion contracture that
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Ficure 2.  Arthroscopic PMR schematic: The medial side of the
joint is released with a periosteal elevator under arthroscopy.

would conventionally be considered unsuitable for
arthroscopic debridement. We first classified the knees
based on magnetic resonance imaging (MRI) criteria
and then analyzed the outcomes based on this classi-
fication.

METHODS

Fifty-eight medial-type OA knees in 52 patients
with flexion contracture were treated with arthro-
scopic PMR in our hospital. A single surgeon per-
formed all the procedures. Gender, age, radiographic
grading using the Kellgren and Lawrence (K/L) sys-
tem, range of motion (ROM), and the deviation of the

axis on a standing radiograph were recorded at the
time of the operation. All the patients had previously
been treated conservatively, but because of their per-
sisting knee pain, they had chosen to receive this
additional treatment. Our procedure was applied to
patients whose symptoms were restricted to the medial
side of the knee joint. Patients with asymptomatic
patellofemoral joint arthritic involvement were in-
cluded in this series.

During PMR, we performed arthroscopic debride-
ment, including meniscectomy of the degeneratively
torn medial meniscus, excision of the unstable carti-
lage flap, and release of the joint capsule together with
the MCL from the medial tibial plateau (Figs ! and 2).
Our meniscectomies were subtotal, i.e., the posterior
two thirds of the medial meniscus was totally re-
moved. Most intra-articular operations can be per-
formed through the conventional two portals, ie., the
lateral and medial infra-patellar portals, but in our
experience using midmedial or posteromedial portals
made the meniscectomy of the posterior horn of the
medial meniscus easier. Following the intra-articular
procedure, valgus and extension stress were applied to
the knee joint to further the release. Usually we heard
a popping sound at this step. If we were unable to
obtain enough joint space, i.e., if full extension and
valgus instability at 30° of knee flexion were not
obtained, we cut the tendon of the semimembranosus
muscle. If this was not sufficient, we then cut the MCL
transversely at the level of 1 cm below joint line, We
did not do any further release if we could not achieve
full extension after cutting those 2 structures. We
injected hyaluronan intra-articularly once a week for §
weeks postoperatively. Walking was encouraged from

C

Ficure 3. Extraction of the contour of the medial femoral condyle. (A) A proton-weighted sagittal image of the center of the medial
compartment was scanned and (B} converted into a black and white image using image software. (C) The contour of the medial femoral
condyle was extracted from this image and used for further assessmeant.
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Fisvre 4. Classification of the contour of the medial femoral
condyle. (A, B) Contour of the § group: Knees with medial femoral
condyles with smooth contours or with minimum irregularity on
MRI were classified as the $ group. (C, D) Contour of the IR

group: Knees with medial femoral condyles with irregular contours
were classified as the IR group.

the day following surgery, as tolerated. Patients were
evaluated at 3, 6, 12, 18, 24, 36, and 48 months after
surgery. Clinical evaluation was performed using the
Japanese Orthopaedic Association knee score (JOA
score),!8:17 verbal rating score (VRS), and patient sat-
isfaction, which were evaluated at the time of each
follow-up. The JOA score is composed of 4 items: (1)
pain on walking, (2) pain on ascending or descending
stairs, (3) ROM, and (4) joint effusion. The VRS was
used to estimate the severity of knee pain at the time
of follow-up; patients were asked to rate their pain on
a scale from 0 to 10, where the preoperative knee pain
corresponded to 10. Patients rated their satisfaction as
very satisfied, moderately satisfied, uncertain, or un-
satisfied. The clinical outcomes of patients available
for more than 2 years of follow-up are presented in
this report. All of the evaluations were performed by
. asingle orthopaedic knee surgeon who did not operate
on any of the patients.

In addition to the overall analysis, we divided pa-
tients into 2 subgroups according to radiographic
grade and preoperative MRI findings focusing on the
regularity of the contour of the femoral condyle. The
clinical outcome of each subgroup was compared us-
ing the JOA score. Only patients with knees rated
grade HI and IV in the K/L system were recruited. All
MRI examinations were performed with a Signa 1.5-
Tesla imager (GE Medical Systems, Milwaukee, WI),
and proton-weighted images were used for evaluating
the contour (FSE TR: 2000, TE: 12 msec, ETL: 4,
time: 4 min 24 sec). To assess the regularity of the
contour of the medial femoral condyle, we used com-
puter image analysis. Sagittal MRIs of the medial
femoral condyle were captured into a computer

(PowerMac G3; Apple, Tokyo, Japan) using an image
scanner (GT-7600; Epson, Tokyo, Japan), and con-
verted into black and white images (Photoshop 5.0;
Adobe, Tokyo, Japan). To determine the threshold
between black and white, histograms of the intensity
of the dots making the images were used, We deter-
mined the threshold so that only the structures with
low signal intensity remained while those with iso-
intensity to high intensity were deleted (Fig 3). After
this manipulation, only the contour of the medial
femoral condyle was extracted for evaluation. Patients
whose medial femoral condyle was seen as smooth or
with minimum irregularity on MRI were classified as
the S group (Fig 4A and B), and those depicted with
irregular contours on MRI were classified as the IR
group (Fig 4C and D). Three knee surgeons indepen-
dently classified the images as S or IR. If there was
discrepancy, the decision was made by the majority.

A histologic examination was performed on speci-
mens removed at the time of TKA. Pieces of bone cut
out from the weight-bearing area of the medial fem-
oral condyle were fixed with 10% (vol/vol} formalde-
hyde for 48 hours and decalcified with 20% EDTA for
10 days. The specimens were then processed and
embedded in paraffin. Sections were cut at a thickness
of 6 um on a microtome and stained with H&E.

Joint &
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Ficure 5. Comparison of the JOA scores before and after PMR.
Average preoperative and postoperative JOA scores at the time of
final follow-up are presented. The overall result is preseated in the
left 2 columns. Average preoperative and postoperataive JOA
scores for subgroups that were classified with radiographic grading
(grade IIT in the K/L grading and grade [V) as well as those divided
by MRI findings (the IR group and the S group) are presented for
comparison. Statistical analysis for comparing preoperative and
postoperative JOA score was performed with the Wilcoxon signed-
rank test. P < .01 was taken to be statistically significant. The P
value for the IR group is more than 0.01 (P = .011), indicating a
nonsignificant change. *, P < .01,
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FiGURE 6. The patients® satisfaction at the time of final follow-up
is presented. Their level of satisfaction was divided into 4 categor-
ies. The number of patients for each category is shown. Each
patient who received a bilateral operation is counted as 1 patient on
this measure.

Statistical analysis for comparing preoperative and
postoperative JOA score was performed using the
Wilcoxon signed-rank test. P < .01 was considered to
be statistically significant.

RESULTS

Fifty-eight medial-type OA knees in 52 patients (37
female and 15 male) with flexion contracture were
treated with arthroscopic PMR in our hospital. The

No. of
Knees

10

ﬂ 1]

01 23 4 56 7 8 9 10

Figure 7. A VRS was used to assess the intensity of knee pain.
The horizontal axis represents the intensity of the pain and the
vertical axis represents the number of knees.

mean age of the patients at the time of surgery was
71.6 years (range, 47 to 84 years). The average ROM
was from 13° to 129°. Six patients received bilateral
surgeries; 2 were treated with simultaneous operations
and 4 were treated with an interval of 10 to 16 months
between operations. Seventeen knees were K/L grade
I and 40 knees were grade IV. One case was classi-
fied as K/L grade II with flexion contracture of 10°.

Ficure 8. Histology of bones with irregular contours: (A) A sagittal MR image of the middle of the medial compartment of the knee joint.
(B) Extraction of contour from image A revealed 2 medial fermoral condyle, corresponding to the subchondral bone, with an irregular contour.
(€) HEE staining revealed that the irregular contour was produced by the presence of multiple pseudo-cysts (*). Specimens were obtained

at the time of TKA,
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Figurg 9. Case 1: A 76-year-old man with varus deformity of 7° was treated with arthroscopic PMR. (A) Standing anteroposterior
radiograph showed a highly reduced joint space in his medial compartment. (B) Lateral radiograph showed slight arthritic changes in the
patellofemoral (PF) joint. (C, D) MRI showed minimal irregularity in terms of the contour of the medial femoral condyle.

The patients had an average of 2.5° varus knee defor-
mity.,

Fifty-two knees belonging to 46 patients were avail-
able for more than 2 years of follow-up; the average
follow-up period was 3.3 years (range, 2 to 4.8 years).
Of these knees, 1 was K/L grade II, 16 were grade II,
and 35 were grade IV.

Overall, the average JOA score improved from 56.3
points preoperatively to 71.6 points postoperatively
(Fig 5). The average ROM at the time of last fol-
low-up was from 6° to 130°. Seventy-six percent of
patients (35 of 46 patients) were satisfied at their last
follow-up (Fig 6). The VRS scores were reported as 0
to 2 for about one third of the knees (18 of 52 knees)
and were not more than 5 for 65% of the knees (34 of
52 knees) (Fig 7). Although the knees exhibited val-
gus instability at 30° during follow-up examination,

no patients were apprehensive that the knee would
give way on walking,

The average JOA score for the K/L grade III knees
improved to 76.9 from 60.4 points preoperatively, and
that of the K/L grade IV knees improved to 69.5 from
55.3 points (Fig 5). The improvement in JOA scores
was statistically significant for both groups.

Twenty-two knees were classified into the IR
group based on MRI, and 24 knees were placed into
the 8 group, MRI examinations of the other 6 knees
were either not performed or not judged because of
their poor image quality. The JOA score of the IR
group improved to 66.2 points from 54.5 points
preoperatively and that of the S group improved to
79.6 points from 62.3 points preoperatively (Fig 5).
The postoperative JOA score was statistically
higher only for the S group. Histologic examina-
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Figure 10.  Second-look arthroscopy of case 1: (A) The preoperative state of the medial compartment. Extended eburnation of cartilage was
observed on both femur and tibia. (B) Neither inflammatory synovium nor re-adhesion of released capsule was found in the medial

compartment cne year after PMR.

tion revealed that the irregularities of the femoral
condyle seen on MRI were the result of micro-
scopic multicystic changes of the subchondral bone
(Fig 8).

A total of 6 knees were converted to TKA because
of persistent knee pain. Five knees out of the 6 TKA
cases belonged to the IR group and only 1 case be-
longed to the S group. The time from PMR to TKA
ranged from 1.3 to 2.5 years.

Case 1

A 76-year-old man with varus deformity of 7°
was treated with PMR. His radiograph was stage IV
in the K/L system (Fig 9A). His JOA score was 55
preoperatively but improved to 80 points by 6
months after the PMR and was maintained at 80
points for 3 years postoperatively. His MRI showed
minimal irregularity in terms of the contour of the
medial femoral condyle (Fig 9B). This patient un-
derwent arthroscopy just 1 year after PMR due to
locking caused by the free body, which enabled us
to see the state of the medial compartment at that
time. Figure 10A shows the preoperative state of his
medial compartment and Fig 10B shows the state 1
year after PMR. Extended eburnation of the joint
surface was observed both on the femur and tibia
before PMR (Fig 10A). Neither inflammatory syno-
vitis nor re-adhesion of the released capsule was

found in the medial compartment of his knee joint
one year after PMR (Fig 10B).

Case 2

A 59-year-old woman with 1° of varus deformity
was treated with PMR. A radiograph showed her knee
was K/L grade ITI. Her MRI was classified as belong-
ing to the IR group (Fig 11). Her JOA improved from
60 points preoperatively to 65 points 1.5 years post-
operatively. The patient was not satisfied with the
result,

DISCUSSION

In this report we present the clinical results of our
arthroscopic PMR procedure as a surgical treatment
option for medial-type OA knees. Qverall, the JOA
score improved 15 points, to an average score of 71.6
points following PMR. This is not as good as the
results of TKA; in our hospital, 80 OA knees treated
with TKA achieved an average score of 80.0 with an
average follow-up of 2.5 years.!'® However, consider-
ing that all the knees in this series had flexion con-
tracture and their radiographic grading showed ad-
vanced OA changes, this procedure is certainly of
potential benefit for some patients because this arthro-
scopic operation is performed with the use of only 2 to
3 arthroscopic portals and does not lead to loss of
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FiGure 11. Case 2: A 59-year-old woman with 1° of vares deformity was treated with PMR. (A) Her radicgraph indicated osteoarthritis
of grade Il in the K/L system. (B) Minimal arthritic change was observed in the patellofemoral joint. (C, D) Sagittal MRI of her medial

compartment was used to ¢lassify her knee into the IR group.

ROM. The knees of the S group showed greater im-
provement, from 62.3 points preoperatively to 79.6
points postoperatively, a result equivalent to that of
the TKA cases. We focused on the contour of the
medial fernoral condyle on MRI because our earlier
study revealed that irregularity of the contour of the
medial femoral condyle serves as an indicator of the
clinical severity of medial-type OA.1? In the present
study, the patients’ ages were somewhat different be-
tween the S and the IR group, although the radio-
graphic grading of the 2 groups was almost identical
(Table 1). Thus, the MRI findings are a significant
factor in determining the clinical cutcome of PMR. In
contrast, grade IV knees obtained a statistically sig-
nificant improvement in the JOA score, as did those of

TasLE 1. Background of Patients

§ Group IR Group

Age (yr) 68.6 (47-82) 73.7 (58-90)
Lateral femorotibial

angle 181.8° (177°-185°) 182.5° (177°-190%)
K/L Radiographic grade

I 0 0

It 1 o

m 6 5

v 12 13

NOTE. Basic information about the patients involved in the S or
the IR classification is presented. Average age at the time of
operation, varus deformity evaluated by standing anteroposterior
radiograph, and distribution of Kellgren & Lawrence radiographic
gradings are described.
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Ficurz 12, Histologic examination of a knee with a medial femoral

condyle of smooth contour on MRI. (A) The original MRI and (B) an

extracted contour. (C, low magnification; D, high magnification) Histologic examination of medial femoral condyle from this specimen shows
the intact cartilage and regularly corrugated subchondral bone plate (#, subchondral bone; *, cartilage). The open box in C represents the area

presented in D.

grade III, implying that radiographic grading does not
decisively predict the outcome of PMR.

Based on pathologic examination, we concluded
 that the knees placed in the IR group contained ad-
vanced OA because the subchondral bone described
on MRI as irregularly contoured was filled with mul-
tiple pseudocysts (Fig 8). In contrast, the smooth
contours showed a regular subchondral pattern and no
cysts (Fig 12; this specimen was obtained from a
patient who suffered from a patellofemoral type OA
knee and received TKA and who is not a case in this
series). We conjecture that this pathologic change
could lessen the effectiveness of bone-preserving pro-
cedures such as arthroscopic surgery or osteotomy.
Several authors have reported benefits from arthro-
scopic debridement only when it was applied to knees
in the early stages of OA.67820 In general, once OA
knees have advanced beyvond a certain stage, no ar-
throscopic treatment appears to be effective.

In 2001, Leon et al.'2 reported the clinical results of
their ADMR procedure. Although they did not use any
rating system for the assessment, they reported that
their technique produced good results in 100% of their
cases, and advocated the merit of releasing the medial
side of the knee joint for medial-type arthritic knees.
They stated that knees with more than grade III in the
Ahlbach grading system are suitable for ADMR,
which means that the OA of their patients was as
severe as ours in terms of radiographic grading.?!
ADMR and PMR are different in the level of release
and the approach to the medial meniscus. In ADMR,
the release of the capsule is performed proximal to the
medial meniscus but in PMR it is performed at the
level of the tibial attachment. In ADMR, medial me-
nisci are treated only when they are torn, but in PMR,
medial menisci are excised in all cases; we observed
that all of our cases had degeneratively torn menisci.
ADMR and PMR are the same in terms of releasing
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the medial side of the knee joint, but the clinical
results of ADMR seemed to be better than our series.
This may be simply due to the different techniques,
but it is also possible to attribute this discrepancy to
patient sclection, the assessment method, or differ-
ences in lifestyle. However, the patient information
that Leon et al. presenied in their report was too
restricted to allow comparison of these factors here.!?
We can state that we observed degeneratively torn
menisci in all our cases without exception, which is
consistent with the report by Jackson and Dieterichs®
that degenerative menisci were seen in all of their
patients with eburnated knees. On the other hand,
some of the cases of Leon et al. had intact menisci,
which may indicate that they treated some patients
with earlier stages of QA in their series. We can also
state that when TKA is required in the future, PMR
gives the advantage of retaining the MCL as a liga-
mentous structure,

For postoperative care, we used hyaluronan once a
week for 5 weeks with the expectation of inhibiting
the released tissue from re-adhering to the medial
tibial plateaw. Hyaluronan is known to inhibit adhe-
sive reactions from occurring in operatively damaged
tissue.22-24

In conclusion, knees with relatively advanced me-
dial-type OA with flexion contracture can potentially
be successfully treated with PMR if their medial com-
partment is classified as § using MRI.
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Distinct roles of Smad pathways and p38
pathways in cartilage-specific gene expression
in synovial fibroblasts

Hiroaki Seto,'? Satoshi Kamekura,! Toshiki Miura,* Aiichiro Yamamoto,! Hirotaka Chikuda,!
Toru Ogata,! Hisatada Hiraoka,' Hiromi Oda, Kozo Nakamura,! Hisashi Kurosawa,? Ung-it Chug,?
Hiroshi Kawaguchi,! and Sakae Tanaka!

‘Department of Crihopaedic Surgery, Faculty of Medicine, The University of Tokyo, Tokyo, Japan. 2Department of Orthepaedics,
Juntendo University Schao! of Medicine, Tokyo, Japan. 3Division of Tissue Engineering, University of Takya Haspital, Tokye, Japan,

The role of TGF-B/bone morphogenetic protein signaling in the chondrogenic differentiation of human
synovial fibroblasts (SFs) was examined with the adenovirus vector-mediated gene transduction system.
Expression of constitutively active activin receptor-like kinase 3 (ALK34} induced chondrocyte-specific
gene expression in SFs cultured in pellets or in SF pellets transplanted into nude mice, in which both the
Smad and p38 pathways are essential. To analyze downstream cascades of ALK3 signaling, we utilized ade-
navirus vectors carrying either Smad1 to stimulate Smad pathways or constitutively active MKK6 (MKK6S4)
to activate p38 pathways. Smadl expression had a synergistic effect on ALK3%4, while activation of p3t MAP
kinase pathways alone by transduction of MKK6%A accelerated terminal chondrocytic differentiation, lead-
ing to type X collagen expression and enhanced mineralization. Overexpression of Smadl prevented
MKKG6%A-induced type X collagen expression and maintained type Il collagen expression. In a mouse model
of osteoarthritis, activated p38 expression as well as type X collagen staining was detected in osteochon-
drophytes and marginal synovial cells. These results suggest that SFs can be differentiated into chondro-
cytes via ALK3 activation and that stimulating Smad pathways and co ntrolling p38 activation at the proper
level can be a good therapeutic strategy for maintaining the healthy joint homeostasis and treating degen-

erative joint disorders.

Introduction

Injury to the articular cartilage occurs under various pathological
condirions such as trauma, inflammation, and aging (1), and car-
tilage injury is followed by osteoartheitic changes of the affected
joints. Ostecarthritis is the most common degenerative joint dis-
order, affecting nearly half of the elderly population, Osteoarthri-
tis is characterized by degradarion of articular cartilage and over-
growth of cartilage and bone, known as osteophytes, at the
periphery of the articular surface, which results in pain and loss of
joint function (1, 2). Microscopically, loss of proteoglycan and fib-
rillation of the articular surface are observed ac the early stage of
arthricis. At later stages, clefts are formed, and at the end stage, ero-
sive changes in the articular cartilage appear. The high prevalence
of this disease results in high costs for treating patients, and there-
fore the development of good therapeutics for ostecarthritis is a
macter of great urgency. Because of the limited capacity of sponta-
neous healing, the regeneration of inrace articular cartilage is one
of the most challenging issues in the orthopedic field (3, 4). Trans-
plantation of autologous chondrocytes or mesenchymal progeni-
tot cells and autogenous osteochondral transplantation (mosaic-
plasty) have been successfully utilized for the repait of focal
osteochondral defecrs (3, 5-11). However, the applicarion of these

Nonstandard abbreviations used: anterior cruciate ligament (ACL); bone
morphogenetic protein (BMP); consritutively active activin recepror-like kinase 3
{ALK3%4); constirurively active MKKG (MKK6%); hemagglutinin (HA); matrix
metalioproteinase (MMP); medial meniscus (MM); osteoarthritis (QA); receptor-
regulated Smad (R-Smad); synovial fibroblast {SF); TGE-B-activating kinase 1 (T: AKL).
Conflict of interese: The authors have declared that no conflict of incerest exiscs.
Citation for this article: [ Clin. Invest, 113:718-726 {2004). doi:10.1172/JC1200419859,

718 The Journal of Clinical Investigation

heeps/fumewjeiorg  Volume 113

technologies is limited ro small defects due to the difficulty of
obtaining a sufficient amount of cells or tissues.

Synovium is a thin tissue lining the nonarticular surfaces of
diarchrodial joints (12). Synovial tissues conrtain various types of
cells, including type A cells, macrophage lineage cells, and type B
cells, which are specialized synovial fibroblascs (SFs). It is now wide-
ly recognized that synovial tissues are involved primarily in the
pathogenesis of arthricic joint disorders such as theumaroid acchei-
tis by producing the matrix-degenerating enzymes eystein proceas-
es and matrix mecalloproteinases (MMPs) and the proinflammato-
1y cytokines interleukin-1 (IL-1) and tumor necrosis factor-o
{TNF-0) (12). We previously reparted char SFs express a high level
of receptor activator of NF-xB ligand, the osteoclast differentiation
factor belonging ro the TNF-ot superfamily (13). In contrast to such
catabolic actions, there is 2ccumulating evidence that synovial cells
have anabolic effects, leading to bone and cartilage production.
Hunziker and Rosenburg reported that synovial cells can migrare
into partial-thickness articular cartilage defects, where they prolif-
erate and subsequently deposit a scar-like tissue (14). Nishimura et
al, (15} demonstrated SFs show chondrogenic differentiaticn after
being cultured in the presence of TGF-B, and de Bari et al, recently
demonstrated that multipotent mesenchymal stem cells could be
isolated from human synovial tissues, which differentiated into
chondrocyces as well as osteoblasts, adipocytes, and myotubes
under proper culture conditions (16, 17). Another dramatic clinical
manifesrarion of the chondrogenic potential of synovial tissues is
synovial chondromatosis, a tumor-like disorder characterized by the
formation of multiple cartilaginous nodules, which is believed to be
benign reactive metaplasia of synovial cells (18). These observations
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lead us to speculate that synovial tissues contain multipotent cells
with chondrogenic potential thac mighe be involved in the repair
process of articular cartilage defects and therefore might provide a
good source for engineering articular cartilage.

There is accumularing evidence that TGF-B superfamily cytokines
piay an essential role in bone and cartilage development. Wozney
and coworkers (19) reported that bone morphogenetic proteins
(BMPs) induce early cartilage formarion, and various studies have
shown that TGF-P induces chondrocytic differentiation of undif-
ferentiated mesenchymal cells (20-22). In the present study, we ana-
lyzed the role of TGF-B/BMP signaling on chondrogenic differen-
tiation of human SFs by using the adenovirus vector-mediaced gene
rransduction system. The introduction of an activated murcant of
ALK3 {consticutively active activin receptor-like kinase 3 [ALK3CA]),
also known as BMP type [A recepror, induced chondrocyre-specific
marker expression in the cells. ALX3 signaling involves two diffet-
ent downstream cascades, the Smad pathway and the p38 MAP
kinase pathway. We used a combination of adenoviral gene delivery
and chemical inhibition to analyze the role of these two signaling
cascades in inducing differentiation of SF cells toward a chondro-
cyte phenotype and found that both pathways are essential for
chondrogenic differentiation. Interestingly, activation of p38 path-
ways zlone induced markers of terminal chondrocyre differencia-
tion, type X collagen expression and mineralizarion, which was sup-
pressed by Smad | coexpression. These results suggest that both the
Smad and p38 pathways are necessaty for chondrogenic differenti-
ation of SFs and chat the balance between these two pathways deter-
mines the stage of differentiacion.

Methods

Chemicals and antibodies. Alpha-modified minimum essencial medi-
um {&-MEM) was purchased from Gibco BRL, Life Technologies
Inc. (Rockville, Maryland, USA), and fetal bovine serum (FBS), froem
Sigma-Aldrich (St. Louis, Missouri, USA). Anti-p38 MAPK and
anti-phospho-p38 MAPK (Thr180/Tyr182) wete obtained from
Cell Signaling Inc. (Cummings Center, Beverly, Massachusects,
USA). Anti-Flag was purchased from Sigma-Aldrich, and anti-
hemagglutinin (anti-HA) was from Santa Cruz Biotechnology Inc.
(Santa Cruz, California, USA). Anti-phospho-Smad1/5/8, which
recognizes the phosphorylated form of Smadl, Smad 5, and
5mad8, and anti-phospho-Smad2 were from Cell Signaling Inc.
Anti-type II collagen was purchased from Oncogen (Boston, Mas-
sachusetrs, USA} and anti-type X collagen was from LSL Co.
(Cosmo Bio, Tokyo, Japan). Other chemicals and reagents used in
this study were of analyrical grade.

Isolation of SFs from buman synovial tissues. Synovial cells were
obrained as previously described (13, 23, 24). In brief, wich enzy-
matic digestion, hurnan synovial cells were isolated from synovial
tissues of the knee joints of ten rheumatoid arthritis patients
(37-75 years of age; mean, 60.3 years of age} at the time of cotal knee
archroplasty operations. Written informed consenc for subsequent
experiments was obtained from each pacienc. Cells were suspended
in -MEM containing 10% FBS and were cultured in monolayers,
After three to five passages, subeultured cells were composed of
morphologically uniform fibroblastic cells (SFs) thar were free of
macrophages. They were infected with adenovirus vectors and cul-
tured in pellers (“peller cultuee”). Primary chondrocytes were
obtained from articular carcilage resected during the surgeries, Car-
tilage was minced finely in phosphate-buffered saline (PBS), and
chondrocytes were isolated by sequential digestion at 37°C with
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0.25% (weight/velume) trypsin for 30 minutes and with 2 mg/ml of
clostridial collagenase in o-MEM containing 10% FES and antibi-
orics (penicillin ar 100 pg/ml and screpromycin at 100 pg/ml)
overnight on an orbital shaker. Cells were isolated by centrifugation
and were resuspended in o-MEM with 10% FBS, Cells were cultured
in monolayers for 1 day and then subjected to RNA isolation.

Constructs and gene transduction. The recombinant adenovirus veccors
carrying various molecules that modulace TGF-f superfamily signal-
ing pathways, thar is, HA-tagged constitutively active TGF-3/BMP
type [ receptors (ALK3%A, ALKSCA, and ALK6SA), constirurively active
MKK6 (MKK6%), Flag-tagged Smadl and Smad6 with CAG
[cytomegalovirus IE enhancer + chicken B-actin promoter + rabbit
B-globin poly(A) signal] promoter, were generated by the DNA-ter-
minal protein complex merhod (25-27). SFs were infected wich aden-
ovirus vectors following a method previously described (13). In short,
subconfluent SFs were incubated with a small amount of medium
(ce-MEM withour serum) that contained the recombinant aden-
oviruses for 2 hours ac 37°C at the indicated multiplicity of infection
(MOI) and then with 10 times more medium to which 10% FBS had
been added. Infected cells were cultured for additional 3 days for
assessment of chondrogenic gene expression or were subjected to pel-
let culeure 24 hours after the infection for histological examination.

Pellet cultures of isolated SFs. After 24 hours of viral infection, adher-
ent cells were crypsinized and cells numbers were ascercained.
Aliquots of 5x 10¢ cells were spun down at 500 gin 15-ml polypropy-
lene conical tubes in 5 ml of &-MEM with ascorbate 2-phosphare
(0.1 mM) and 10% FBS. The cells were incubated ac 37°C in 5% CO,.
Within 24 hours after incubation, the cells formed a single, free-
floating peliec. The medium was changed every 2-3 days, and dupli-
cate pellets were harvested after 3 and 7 days for real-time-PCR and
Northern blotting and after 3 and 5 weeks for histological and
imrmunohistochemical analysis. For visualization of che chondro-
genic differentiation in vive pellets were transplanted subcuca-
necusly into nu/nu BALB mice (nude mice) after 3 days of pellet cul-
ture. Mice were sacrificed § weeks after transplanration and the
pellets were recovered and subjected to toluidine blue staining as
well as immunostaining with anti-type I collagen.

Immunoblotting. All the extraction procedures were performed at
4°C or on ice, Cells were washed with PBS and then lysed by the
addicion of TNE buffer (1% NP-40, 10 mM Tris-HCl, pH 7.8, 150
mM NaCl, 1 mM EDTA, 2 mM Na,VO,, 10 mM NaF, and 10 yg/ml
aprotinin). Lysates were prepared by centrifugatien at 10,000 g for
20 minuces. An equal amount (13 jtg) of proteins was separated by
electrophoresis on 10% SDS-polyacrylamide gels. Afcer electro-
phoresis, proteins were electronically transferred onto a nitrocellu-
lose membrane. Immuncblotting with specific ancibodies was per-
formed with ECL Western blorting reagents {Amersham Co.,
Aclingron Heights, Illinois, USA) according to the condicions rec-
ommended by the supplier.

Histology and immanostaining. Pellet cultures were fixed with 3.7%
formaldehyde, embedded in paraffin, and euctinto sections 4 pm in
thickness. Representative sections were subjected to Alcian blue stain-
ing, Alizarin red staining, and immunchistochemiscry. Aleian blue
staining was performed according to the protacol described previ-
ously (28). Briefly, after deparaffinization, sections were stained with
0.5% Alcian blue 8GX (Wako, Osaka, Japan)in 0.1 N HCl for I hour.
Mineralization was assessed by Alizarin red staining, In brief, sections
were immersed in Alizarin red solution (40 mM, at pH 4.0) for & min-
utes at room temperature, and nonspecific staining was remaoved by
several washes in distilled water. For immunostaining with anti-type
Number §
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Il collagen or anti-type X collagen, we utilized 2 CSA Kit (DAKO,
Carpinteria, California, USA) following the manufacturer’s protocol

Total RNA extraction and real-time PCR. Total RNA was isolated from
SFs with ISOGEN (Wako) following the supplier’s protocol. Com-
plementary DNA (cDNA) was synthesized from 1 g of total RNA
with the Superscript IT reverse transcriprase kit (Invicrogen, Carls-
bad, California, USA). For real-time PCR, the ABI Prism Sequence
Detection System 7000 was used. Primers were designed based on
sequences obrained from GenBank and amplicons of 50-250 base
pairs with a melting temperature of berween $5°C and 60°C were
selected. Aliquots of first-scrand cDNA (1 tg) were amplified with
the QuantiTect SYBER Green PCR Kit (Qiagen, Valencia, California,
USA) under the following conditions: initial denacuration for 10
minutes at 94°C followed by 40 cycles consisting of 15 seconds at
94°C and 1 minute at 60°C. Dara analysis consisted of fold induc-
tion, and the expression ratio was calculared froen the differences in
threshold cycles ar which an increase in reporter fluorescence above
a baseline signal could first be detected among three samples and
was averaged for duplicate experiments. The primers we urilized in
real-time PCR to detect sox9, type Il collagen, type X collagen, osteo-
calcin, osteopontin, and GAPDH were as follows: sox9, §'-AGAAG-
GACCACCCGGATTAC-3 and 5™-AAGTCGATAGGGGGCTGTCT-
3 type II collagen, 5-GGTGGCTITCCATTTCAGCTA-3' and
3 -TACCGGTATGTTTCGTGCAG-3; type X collagen, 5'-AGGAAT-
GCCTGTGTCTGCTT-3 and 5"-ACAGGCCTACCCAAACATGA-3';
osteocalcin, 5’-GTGCAGAGTCCAGCAAAGGT-3" and 5-CGATAG-
GCCTCCTGAAAGC-3"; osteopontin, 5-ACAGCCAGGACTC-
CATTGAC-3" and 5-ACACTATCACCTCGGCCATC-3% and
GAPDH, 5"-GAAGGTGAAGGTCGGAGTCA-3 and §-GAAGATG-
GTGATGGGATTTIC-3".

Northern blotting. Equal amounts (15 ng) of RNA were denatured in
formaldehyde, separated by 1% agarose gel electrophoresis and trans-
ferred to a nitrocellulose membrane (Hybond N*) (Amersham Phar-
macia, Piscataway, New Jersey, USA), followed by ultravioler cross-
linking. ULTRAHyb hybridization solution (Ambion, Austin, Texas,
USA) was used according te the manufacturer’s protocol. The blots
were hybridized with 2 cDNA probe labeled with [6t-*2P]dCTP using
Ready-To-Go DNA Labeling Beads {Amersham Pharmacia), Rabbic
type II coilagen and aggrecan probes were generously provided by
Yoshiyasu Iwamoto (Thomas Jefferson University, Philadelphia,
Pennsylvania, USA). Mernbranes were washed in 2x SSC for 15 min-
utes at 42°C and then in 0.1x SSC for 30 minutes at 65°C. Forvisu-
alization, X-ray film was exposed to membranes overnight ac-80°C.

Osteoarthritis model mice. Osteoarthriric changes were developed in
the knee joint by transection of the anterior cruciate ligament (ACL)
and medial meniscus (MM) in C57BL/6 mice {mean age, 8 weeks) (29,
30). Briefly, after mice were anesthetized with ketamine and xylazine,
a medial parapatellar skin incision was made. The subcutaneous tis-
sues were incised and retracted, along with the articular capsule, The
medial compartment of the knee joint was visualized and the ACL
and MM were transected with a scalpel, and chereafter the capsule,
medial recinaculum, and skin were sutured. Mice were housed in reg-
ular individual cages and allowed to exercise. Eight weeks after cthe
surgery, the mice were sacrificed and paraffin-embedded sections of
the affected joints were immunostained with anti-type X ¢ollagen
and anti-phospho-p38 (Cell Signaling Technalogy Inc).

Results
Adenovirus-mediated gene transduction modulates the Smad and p38 path-
ways in SFs, We previously reported that adenovirus vectors can effi-
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ciently transduce foreign genes into synovial cells both in vitro and
in vivo and thar adenovirus infection itself does not affect the phe-
notypes of the cells (13). We construered adenovirus vectors to ana-
lyze the role of ALK signaling as well as the Smad pathways and p38
pathways, which lie downstream of ALK sigraling. SFs were infect-
ed with adenovirus veerors carrying various signaling molecules that
modulate TGF-B superfamily signaling pathways, char is, HA-tagged
constitutively active ALK3, ALKS3, and ALKS constitucively active
MEKKS, and Flag-tagged Smadl and Smadé, as well as a control virus
carrying the 3-galacrosidase gene (LacZ virus), and gene expression
was determined by immunocblotting with specific ancibodies. As
shown in Figure 1, clear induction of the genes encoding ALK3CA,
ALK5®* and ALK6%4 was observed by immunoblotting with anti-HA
(Figure 14), and Smad1 and 6, by anti-Flag (Figure 1B}, ALK3CA or
ALK6C* overexpression induced phosphorylation of Smad1, Smads,
and Smads8 in SFs, and ALK5CA-transduced eells showed Smad?
phosphorylation (Figure 1A). MKK6CA virus infection specifically
activared p38 pathways in SFs, and the pathways were also accivat-
ed in ALK3%-transduced cells as derermined by Western blotting
with anti-phospho-p38 (Figure 1C). The increased p38 phosphory-
lacion induced by either ALK3°* or MKK6A overexpression was sup-
pressed by the p38-selective inhibitor SB203580.

Induction of chondrocyte-specific gene expression by ALK3%A transduction
in pellet cultures of SFs. To determine the effects of these transduced
gene products on chondrocyre-specific gene expression in SFs, we
subjected infecced cells to peller culture. After 7 days of culture,
clear induction of type II collagen and aggrecan genes was observed
in ALK3®-transduced cultures by both Northern blot analysis (Fig-
ure 2A) and real-time PCR (Figure 2, B and C). Expression of these
genes was also observed in ALK6%-transduced cultures, albeir less
efficiently, as shown in Figure 2, B and C, by real-time PCR. Con-
trary to the strong chondrogenic effects of ALK3%A virus, expression
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Figure 1

Modulation of intracellufar signaling pathways by adenovirus
vector-mediated gene transduction into SFs. (A) SFs at passage 3 were
transduced with HA-tagged constitutively activa ALK3, ALKS, and ALKE,
and the expressed products were detected by immunoblotting after 2
days of viral infection. Expression of these genes was detected by
immunoblotting with anti-HA and phospho-Smadt, -Smad 5, and Smads
(p-Smad1/5/8) was observed in cells expressing ALK3% or ALKES, and
p-Smadz, in cells expressing ALKSC, (B) Expressicn of Smadi and 6 in
SFs was determined by anti-Flag. (C) Adenovirus vector-mediated ALKSA
or MKKE® expression specifically activated p38 pathways in SFs, as
determined by Western blotting with anti-phospho-p38 (p-p38). The
in¢creased p38 phosphorylation induced by ALK3% or MKKBS* overex-
pression was suppressed by tha p38-selective inhibitor SB203580.
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of osteocalcin or asteopontin was hardly detectable in the cells (Fig-
ure 2, C and D}, indicating thar hypertrophic and osteogenic dif-
ferentiation were somehow blocked in these cultures. In contras,
neither type Il collagen nor aggrecan gene expression was observed
in ALK5® virus-infected cells (Figure 2, A-C). Type [ collagen and
aggrecan expression induced by ALK3¢A rransduction was com-
pletely suppressed by coexpression with Smadé or by SB203580
(Figure 2, B and C).

ALK gene transduction increases Alcian blue—positive matrix and type II
collagen deposition in pellet cultures of SFs. For histological analysis, cells
were subjected to pellet culrure 24 hours after the viral infection.
After 3 weeks of pellet culcure, cells were fixed and examined by
Alcian blue staining (Figure 3, A, D, G, and T) and Alizarin red scain-
ing and type II collagen immunostaining (Figure 3, B, E, G, and J}
and type X collagen immunostaining (Figure 3, C and F). ALK3¢A
virus-infected cultures showed carrilageous matrix production that
was scrongly posirive for Alcian blue staining (Figure 3D), while no
positive staining was observed in LacZ virus-infected cultures (Fig-
ure 3A) or ALKSC4 virus-infected cultures (Figure 3G), and ouly
weak staining was observed in ALK6% virus-infected cultures {Fig-
ure 3H). No Alizarin red staining was observed in ALK3%A-infected
cultures (not shown), indicating that mineralization associated
with osteogenic differentiztion was not induced. ALK3CA
virus-infecred SFs showed an oval shape, morphologically remi-
niscent of chondrocytes (Figure 3D). Immunostaining wich
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Figure 2

Effects of ALK3%, ALK5%4, and ALKGE% exprassion on chondrocyte-spe-
cific gene expression in SFs. (A-E) Gene expression in SFs, as deter-
mined by Northern blot analysis {A} and real-tme PCR analysis (B—E}.
Subconfluent monolayer SF cultures were infected with adenovirus vec-
tors and they were then subjectad to pellet culture 24 hours after viral
infection; mRNA extracted from the pellets after 7 days of culture was
then analyzed. Expression of type H collagen (Cal Il and aggrecan was
clearly induced in ALK3®-expressing cultures, as shown by Nerthern blat
analysis (A} and real-time PCR analysis (B and C); this was suppressed
by SmadB coexpression and SB203580 (B and C). Expression of type !l
collagen and aggrecan was also ocbserved in ALK -expressing cul-
tures, albeit less efficiently, as shown in B and C by real-time PCR. Nei-
ther the osteocalcin nor the osteopontin gene was induced by ALK304
virus infection (D and E). P.C., positive control, which represents the
Northern blotting using mRNA of primary chondrocytes, N.S., not signit-
icant; *P < 0.001; **P < 0.005 (significantly differant).

anti-type II collagen showed positive staining in ALK3CA
virus-infected peller cultures (Figure 3E) and weak staining in
ALK6%* virus-infected cultures (Figure 3H), while we failed to
derect type X collagen in ALK3%A virus-infected cultures (Figure
3F), which suggests an absence of rerminal differendation to hyper-
trophic chondrocytes. No positive type I collagen immunostaining
was dececeed in LacZ virus-infected cultures (Figure 3B) or ALKSCA
virus-infected cultures (Figure 3H).

ALK3-transduced SFs after pellet culture form cartilage matrix in vivo,
To study chondrogenic differentiation of SFs in vivo, we subcura-
neously transplanted the pellets into nude mice. Mice were sacri-
ficed 3 weeks after the transplantation and the pellets were recov-
ered and subjected to histological analysis. The transplanted SF
pellers expressing ALK3%A were positively stained for roluidine blue
(Figure 4C), which detects proteoglycan components, as does Alcian
blue staining. Type I collagen immunostaining was also positive
{Figure 4D}, indicaring the cartilaginous diffzrenciation of the cul-
tures in vivo, while Alizarin red staining was almost undertectable
(dara not shown), ALK6% expression also induced chondrogenesis,
albeit much less prominently (not shown), while neicher LaeZ (Fig-
ure 4, A and B) or ALK5%* {not shown) expression could induce
chondrogenic phenotypes in the cultures. The histological obser-
vation was further confirmed by real-time PCR; expression of type
IT collagen and aggrecan was significantly higher in ALK3CA-trans-
duced pellets (Figure 4, E and F). These results suggest that ALK3¢A
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