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BT BFFMITE M &
SRR EE

JEGRIESAZRE S R GE I3 5 [ MERBMIL £ Ve B4R
IEDREFE
-b P ESTECE RS TR R 2 A BT BRI R AR SR O
B %E-
W hE REER
STHRMTIEE A A

W E
BREE - PR - A OARBEE ST 9 5 HEDREN RIGRIE T, /A6

IRETCAK T DR RITHETH O, EHNRBRERAEFEOBR AL LR
IT<BERABERE LTV, 2T, ZTHHOBELHRRL 9 287
IBEED—D2 & LT, MBETFEL AVt FREERE OERENEEEE
DRERNFLIN TS, oL, REBERECRIAERE NENEUERE
T b EOIETHEE, Z{kRE, B CEREER E ORI E H T A ECE B/ AR A
JalZe yBEd A Z LI LTz, 2Ok MECEEY/RIERMALIE, in vitro TEAER
BAiE & FEOMREEREEALRIT) Z ENERINEZEIT TR, HEERE

REXUASNORTBEIC LY R ERERSEICEN 2 v F SR Ak 2
BREL. FaDBEE Lo MEEEREEEEREL,
BEBROEBRIZ L > TERNRTIEL RDFRENRH D .

WAL O B HCE B

A THEEB

BHES - BH - BEEE O SR A0
BILRERT HAMBMERICRTHH L
WREEORREIL, 2R T1005H
AN EDBFECHFELLE TN TV A
W TCEERBROMBEREETHD L
REOEERIIGE R, BFEE/
B A BT 5 FECERE D T
bEWi EOERMEZBET A
EThos LaL, BHEMEEBET
i, BREREOHIIR & BREE L DR EEN

BB/ BB I m L EE T
L. Fio, BEARBEICME O BEN
IRHERRZETE & NS0, B R L
D A BRI b RO TR E 7
ML 72> TRV EROICHZE DO W
CEHBENE LN TV 913 [E
RAMEIZ B 2 FEIicBW T, £
NEBNKRIZEVEYTHDZ &M
O, LRI, FALICERET DK
EHELZENELDZ bR T
BY, TNHLOMERKRBERTH D 78
COXORBEREZRRTLHZ LD



ATREZR3T LUVNVBEIE & LT, MRk A
THFx MWz FEEEE O RRE
BEEEORENTZEEINTND,

b NEMEECE O B SE IS EIS
AIREZR IR & L C, %oh D EEeE
MRB ST D 1416, v N BN ECE
ML RAF 7 B BE A B e & DB AT
WHZ2HTLHO0, BRI ~DIEEE
WMz, BCOEREZET %M
FELR W DICHREmICER T
L BEMM IR MERF O REEME 72 & o
MBEAEZHEZA TV, BRREO L k
MIEREMIINIE, Zh b OFERIEL M7
RCTEDLEREEEFOMBO—>T
BN,
Fil AR B R AR~ D A3 (L RE A3 R oD TR
WZ &, MERASCAHKILELY &2
e EDRRABRBEERRZ TV
72O E RO FREMEIFERV 1719, fih|C
HAEMI R B e & - HZER M
REBEME R OMEILIEET A LD
O, WIS BEEE E~ 0 4 (L EE
FIDMEL, FBHEERE IR T B MEs <
MY w7 ZAOEABITEHERIN
TWRNZ End, b FEEERE OF
HEEIEIZIS A TR R E N - AR
RNTEENTWROORBRTH S
20-22

FIFFETIE, &< EADEA TN
VNI PR ERE |2 33T 5 BRI BRI AR o B
EEBHONETHIEEEME LT,
YU RAENERSE LT BrdU
Labeling Assay # % L7z, X512,
BONEHRAEREID, © FECEE/EER
HERR D B - R E 2, {K2EEEE TR
PREGICER B AS 7] BE 72 B T kB ) &

BREROERERRE N &,

WL L TRAE, S FNRE
TR/ BIBRMRE DERERET 2 E L, BRER
JSFR O FTRE 7 B 72 B R B PR A
HEOREEZTo. 51T, Fix iy
BUCBZR LB E SR RS
MBS e FEBEEREOEEEICH A
PEPERET L.

B. B3 A%

1. Time course dependent changes in
auricular morphology

ICR~ 7 AD B RKERE L EEOE X
PEREE (£% 4 B, 1, 2, 4, 24,
48 M) TEHEI S BEAREEO
BEEZHEEL»SENEMBE T
DEEMEE L. MEOES[ZT V>
T 7 N—ge ik, BEEE S B
i £ COHERBEOEN CEHEI L 7=,
% 4 6 T % WinROOF software
(MITANI, Fukui, Japan) % V&
L, FHEEEHLE.

2. BrdU injection to mice

BrdU (50 u glg  body
WT )(Sigma-Aldrich, St Louis, MO,
USA)IE, =—F /b (Bfix—J /1
Japan) THREE L7z 4 @i~ 7 2 ICR
< 7 A (Japan SLC Co, Shizuoka, Japan)
BLOUIR 175 HBORE~ 7 2|2
12 Bl fE, &t 6 EERENESE Lz, 4
i~ 7 AT, BEHBOB AR
W iR~ 7 AT, AEhiz
25l AT ~2 B, 4 Hi,
24 Hi, 48 @iE) OEPHIIWTHRE
PR, BB O F I3
MRFEZHREYERE X —I10F



FEL, £z, BROEWIZE L CIEREE
M ERY 4 — OB E I Y A
RxATIR Tz,
3. Tissu processing
FHEEEO~ 7 AT — TV CRRER L,
HIr 2 L7214, 2% 7 RV W7 v
7t F (PFA) (Wako Japan) /U &
REEER (PBS) (pH74) TA4C, 2
REfEIEE L7=. wKiZ, 100mM (k7
&= L (Wako Japan) /PBS C 4°C,
o, 3EWEE L. 2L T, 15%
A 77 11— A (Wako Japan) /PBS |Z 4°C,
1 Bz L7, 30%A 7 @ — Z/PBS
T 4°C, over night TFFE L7=. O.C.T.
Compound (SAKURA Japan) (30ml)
& 9%A 7 m—Z/PBS (10ml) ZIRA
L7zl AN A BB L7, 4C, 3
Bi?la%%% L7ot, MRIAER CRulERE
L, W7 ey 7 2{E8 Ui, BT
0y 7k ) AAE N HM 500 O
(ZEISS) T Sum DEIZEY L,
B D] & (R L7
4 . Immunocytochemistry staining of
BrdU andKi67
MR a2 hY RERAEEIK
(TBS-Ca) (pH7.6) TS5 4>f, 2 [E¥E
L, sk (105° i) Lz,
R E THmE L7z, TBS-Ca TS5 %4
fl, 2 EHEE L7m%, Block Ace
(Dainippon Pharmaceutical Co., Ltd.
Osaka, Japan) % TBS-Ca T4 &K L,
TIRAURIER BN O TR MIE A S%IR
MUTEEHEC, 1R o w7 L
7Z. Block Ace % TBS-Ca T 10 f£IZ#
WLz ic— kA /ML, 4C,
over night TG S W72, WV 72—k HT

EE/ARERL, LTO®EY THS.
anti BrdU antibody
(sheep,1:1200,Sigma-Aldrich, St Louis,
MO, USA ) and Ki67
(rabbit,1:200,abcam,MA,USA). BS-Ca
T 10 53fE, 3 [EI¥EE L7214, Block Ace
% TBS-Ca T 10 RFIZAR LRIz =
RIUEZFIRL, 1 RS SET.
AW Z Rt & HRERITLUT o
WY THD. Cy3-conjugated Donkey
anti sheep IgG antibody ( 1:1600,
Chemicon,Temecula,CA USA ) and
Alexa488-conjugated Donkey anti rabbit
IgG  antibody ( 1:1200,
Probes,CA,USA)
TBS-Ca T 10 43, 3 [EI¥E#E L7=%, 47,
6-diamidino-2-phenylindole
dihydrochloride (DAPI) ¥ EiT
W 5 #H A Al VECTASHIELD
(VECTOR) THAL, BINAY 2T
L BABEE 1X70 (OLYMPUS) TEIZ L
CCD 7V # )1 A T (Zeiss, AxioCam
MReS) THRE L7z,

5. Immunohistochemistry for cell

Molecular

surface markers
RO o (B S b o S MR L S e
(ERRTE( L 28 W 2 LA BrdU & Rl

(AT > T, Anle—RETER & ZRE
DFRERIL, UTOEO THB.
« j-integrin (hamstar,1:100,BD

Biosciences Sun Jose, CA USA), «
2-integrin(hamstar,1:100,BD Biosciences),

« s-integrin  (rabbit,1:100,Chemicon,

Temecula, CA USA), « ¢integrin
(rat,1:100,Chemicon), «  v-integrin
(rabbit,1:100,Chemicon), « (-integrin



(rat,1:100,eBioscience,San  Diego, CA
USA), a m-integrin antibody (rat,1:100,
eBioscience), a x-integrin (hamster,1:100,
eBioscience), 8 j-integrin(hamster,
1:100,BD Biosciences), [ ;-integrin(rat,
1:100,eBiosciences), B 3-integrin
(hamster,1:100,BD Biosciences), CD44
(rat,1:100,Chemicon), Syndecan-1 (rat,
1:100,BD Biosciences),Syndecan-3
(rabbit,1:100, Santa Cruz),Syndecan-4
(rat,1:100,BD Biosciences ),
PECAM(rat,1:100,BD Biosciences),
VCAM-1(rat,  1:100,Chemicon )
Flk-1(rat, 1:100,BD Biosciences)

Cy3-conjugated Donkey anti sheep IgG
antibody (1:1600, Chemicon) , Alexa488-
conjugated Donkey anti

2

sheep 1IgG
antibody (1:1200, Molecular Probes,CA,
USA ) ,Cy3-conjugated Donkey anti
Rabbit IgG antibody (1:1600, Jackson
Immuno Research LABORATORIES,
INC.West Grove,PA,USA)

6. Localization of BrdU positive
cells

BrdU 54, £ 0~2,4,24,48 i T
BOF AR & BB AR D LRC FRTFLE
RAERFH Uz, BB R & 5E ik
BT L —REOTE S TE -
7= BrdU 52 2 LRC FRfFLtLR &
L7z, 2L T, 100 5T 5 HEDF
YIESEH L, BrdU labeling Index
(Lh& L7z,

7 . Localization of Ki67 positive
cells

BrdU & 5-1%, £ 1% 0~2,4,24,48 JE T
R AR & R R O MR AR 4y AL H

R ET 57912 Ki67 L5 {T-
To. BUBIERR: S BB RBT B —
REFOE M E TE > 72 Ki67 Bk
AL D HE =R A 100 f£ T 0 5 HEF 3
YE» b EH L K67 B IE M
Index(KI) & L 7=.

8 . Isolation and cultivation of
human perichondrocytes

METIRFEMBRREHEZES X
) AR AT (approval #03-074), 30
ANDO/PNEERE LY, FIROBIZ4F
ERDBFE IR A5 TE X
W (T Lo, @B IEE 2 o8k L,
FERR A MR, MR A S E LT, A6
MEOMIARBIRIL 100 um T4 12 A
v =2 (BD Biosciences) Tigi& L,
PBS IZ K H¥eH% 3 ElTo 7. fMIafk
WIRIE, 37 °C, C0, 5 %IFHRE LA
VX aXN—HZ T 10 % fetal bovine
serum (MOREGATE), 1 % Antibiotic
Antimycotic Solution (SIGMA) # &
B 9 % Dulbecco’s modified Eagle
medium and Ham’s F~12 medium (H7K
BUER) 2 E ORI L0 R AT
ot i, RAMETERR ORI T, Ak
RICER U BREF B AR % W TRl 3%
ZA7 b LTI, 1200 cells/cm® @
BET 3m 7 v ra|lEEL, =
YT MICE LT BRIC BRI A
REeT5, EVWIBRIELEVELR.

9. In vitro colony assay

FHEAE A, 35 mm MEREET (v V=
(262 cells/cm” DEEETHER L. 14
A OEFER I L A58 %, oo=



=D T N EToT. AT RNE

%L'C (EF Ve (R LEEE)
L DYEERITo 2%, 50 HLL LD

E@%Eﬂ% lao=—tLEELE.

1 0. Multipotent differentia— tion
in vitro
B LR8BS L B L&
e vz & MR & 2.5x100
cells/cm* DEE CHEE L, XL 48
REfH] £ CISTRES L CIE B 21TV, £
%13 L-ascorobic acid 2-phosphate
(SIGMA), Dexamethasone (SIGMA),
human—-recombinant Insulin-like
Growth Factor- I  ( SIGMA ) ,
human-recombinant basic Fibroblast
Growth Factor (Wako) Z¥IIL 7=%
{LFEE A2 CEEAITo7-. 5
HHMOBEREOE, & 5IZ 25%10°
cells/cm’ OMifa % LIZHERE L, FEE
DFNETEEZITO & WO EBIELE 2
E#R DR LT, BB L OB SR
B LTk, DIRTOMEICHELT =%,

1 1. Gene expression analysis
KR - JBRS - B kBRSNS 2w
Reverse-transcription polymerase
chain reaction (RT-PCR) , if ONiZ
quantitatiVe PCR (qPCR) %47 7=.
RT-PCR (2 & % & LBEEEET D5
fﬁé’?ﬁﬁw éiu?®7°7/(<7w7§:ﬁ%
VW77, type I collagen (COL1AL),
II  collagen(COL2A1)
collagen(COL10A1), aggrecan (ACAN),
elastin(ELN) , lipoprotein
lipase (Lpl1/LPL) ,

type
type X

C/EBPa(Cebpa/CEBPA) , aP2(Fabp4) ,
Adipsin(CFD) , PPAR&(PPARGCIA),
runt-related transcription factor 2
(Runx2) , alkaline phosphatase
(ALPL) & FiV 7. qPCR (212, TagMan®
Gene Expression Assays ( Applied
Biosystems) @ COLIAI:Hs00266273 ml,
COLZAI : Hs00164099_ml , CSPGZ :
Hs01007933_m1, £LN:Hs00355783_ml,
FBNI Hs00171191_ml D
primer/probe set Z A 77,

1 2. ELISA

FRLERIZL 2B HEFET T
&1, 3EMBI, BELELZEIN
L7z, BEFizmmshi=7a7 47
Ay, ZITARAF, az—rrik,
£ FLZ kL BLYSCAN, FASTIN, SIRCOL
assays (Biocolor) ™= v k& H T
EEMEZT- 7.

1 3. [n vivo transplantation
MBS EAITo = MIRE = ORE
AEREE LISV UEIR L, B
fERZERE~< v & (NOD/SCID) (=)
DEELZTIZ I nl TOBELIT- T2,
Scaffold |ZHlAE & 75 L7 & Clx, M
£ BT < D B 7z pCol-HAp/ChS
(Tokyo Institute of Technology),
Collagen sponge(7 /L&), /A K
T NRRZA NAF Y T 4 —/L K (F
U R R) 18 %3 BETT % Inl
MRS FHE 2 8O0 L, NOD/SCID + 7 &
DEEMETICHBHE L-. BHER, 48
H, 128040 BRICHEELITV,
FEREFRICRET L. M, EREmo



fE, B0 HOIZE L CriiR T LR
FEZROWER ¥ —DHEIC
EOxTo7.

1 4
immunohistochemical analysis
KO, EidsrRAREEEE L
%, H&E, 7N T T N—, =T A
FHhToF—Vr, TUIFY Ly
RS, A4y RO (R L3RR
THM L FRE 2T o7, BRI
FYLEICER LTI, rabbit anti-human
type I collagen
antibody (Coll)

anti-chicken .

Histochemical and

monoclonal

( MONOSAN )
type II collagen
polyclonal antibody (Col2)

(CHEMICON) % FWT 4 °C, over
night TROUGSE7z. HEE%E, &k
B FEIZ %9 5 Alexad88- and/or
Cy3-conjugated ¥ HIE (1:800,
Molecular Probes) ZIRAMIL, =|IE T
1 A XIS &R, o #%
4’ 6-diamidino-2- phenylindole (DAPI)
RN L7~ FA Mounting Fluid (BD
Biosciences) Z TEEYLEE N V& A %
AT v~ , LSM510 Laser Scanning
Microscope (ZEISS) % Fi\u»T#iES,
B ZiRE L.

mouse

1 5. Statistical analysis
T2, A< & 3 AL BT
LTCRRIEIZ L DER L5 nean®
s.d. R L7, HEFFRORENTIZE,
EFT 3 HHNIE 4 HEOT—ZITH L
Kruskal Wallis-H test #{TV>, P<
0,01 & ¥ &E SN =HFAE I,

Mann-Whitney’s U test with
Bonferroni correction |2 5% HEH,
BIREZIT o7, BEMRE PEN P<
0.001 F£721% P<0.01 27784 %
MarFHEEEH Y S HE LT

16. fMEmE~OEE

B OHESICE LT, Yo
HMEBZDOARBEHTHEITLE. £z,
BE~NTEWME FE BLXUORBRESN
LEPHE & T ORIEZTA L, XE
WL HRIELE S, &I HEE A~
EL, E~OSMIEAOEE L2
BLE. oy —ZIZBELTYH
ID PRA L EDEAFE#REEOHTE
AL TIT - 7=,

C.WZiHER

Changes in the surface area of
the external ear and in the
thickness of the auricular
cartilage

v U RAEMTERS B BICEAFEEED
HEENEBSIT A, ABIBE LY
FHEIL7:. REREITAEEIEND 48
BhE TICE LN L=0, 4 L
BEDWIMIBCNTH 7. %3 H,
1, 2, 4, 24, 48 ERMOBEEIIFN
Fh, 9.440.7mm?, 15.910.3mm?, 63.0
+53mm?, 175.8+10.0mm>, 191.6=%
3.3mm%, 2359+ 11.1mm’ (n=6)C& -
7o BRE DE SR 2 El = T
ML 7228, FHCARIxE Uiz, £
30H, 1, 2, 4, 24, 48 WO Hdk



BFORESEIZNEN, 32.0%2.6mm,
37.0£2.0mm, 38.7=*1.5mm, 29.7=%
1.4mm, 24.7 %= 1.5mm, 23.7=%1.3mm
(n=6)TH - 7= (Fig.1).

Auricular perichondrium
contains long—term DNA
label-retaining cells (LRCs)

BMU%&@L&4L#V¢XTH

F BT perichondral tissue & chondral
tissue & 12 BrdU 3 L OV Ki67 BB
FldE < 38O bivieh - - (Fig.2, 3).
BrdU &% 5 L7k~ 7 AW G AESE
MTAFCIE, BREEO BrdU BEMAR
V3, F NS 2 S F TR L7,
| FHRETOTVRENLEE L. £
%03 H,1,2,424 48 BB D LILIX 86.6
+2.8%, 34+72%, 3.8+1.3%, 2.1+
1.5%, 0.320.2%, 0.1+0.05%, 0.08=*
0.06% T - 7. — 7, BUE#RE D LRC
D LT, 4 EME E TR S
Nl igodz. EEMEBEDOER 03
H.,1,2,424.48 HEH O LI 1% 864+
3.3%, 2913.8%, 0.93+0.4%, 0.67+
0.4%, 0.020.0%, 0.00.0%, 0.0+0.0%
Th -7 (Fig. 4, 5).

Transition to a dormant state after
experiencing transient
amplification

BUE AR O KL 13T IR L, 1
HWENHE2BD LT,

£ 03 HOEUEBEMESEO KT L, 1.5
+0.8%, 8.5+35 ThhH, 1 AELE
X 0.0+0.0%ThoTz. —F, HEH

MOKIWZ2EEBEEFTRO LN, &
%03 H,1,2 #H B OBEMEBED KI 13
3.4%£1.7%, 347+5.9%, 8.4+2.0%, 0.4
T08% TV, 438 E LAREIX 0.020.0%
T o7z (Fig.h).

LRCs localize to the opening of the
external acoustic meatus

24 1Bl ~ U 2D EERE OmALES,
RES, FNEEEEICBIT A LRC OFF
TR U BR, S EEETO
R IRIZB W TERIC LRC N FEEL
TWD Z ENE LD E 70 - 72 (Fig.6).
LI L, BALERC 0.020.03%, Mo
T 0.01£0.00% Toh - 708, FhHEE
ETIE 23.87L0.07% L ERTH - -
(Fig.6) .

Specific expressions of CD44 and
integrin ab in auricular
perichondrium, but not chondrium

B~ v 2D ENEEIC % #
@%@#E@%ﬁ%ﬁfﬁ%%%u
fEpT L 7o AR, SRR 121 CD44,
AT TV s, BIBFELTWE.
RIS T 7Y a,a, aL,
wy, B1WFEE LTV, MEICIT
y%ﬁuyﬁlﬁk%m%ﬁbfwk
B, AT7 ) agamax BnBi
LT 1134, PECAM, VCAM-1,
Flk-1 OFEFITHEIZBVTRD LR
723> 7= (Tablel, ).
Characterization of long—term
LRCs in vitro



In vitro (BT 24 s~ 7 2RO B4
BE A fEAT L7-. BrdU BBiEMRALE,
AT 7 U as & CD44 IZENEN
"B E S (Fig.7). Z O BrdU (5
PERIAEE, invio T =—7 v ¥
A DFERNMD, 7u—FVigan=—
AT ORNEETHIENHADL
mETIRo T A (Fig8). & 52, HAr
RELOVELNTHEOIEREE
T, KESMEFEEITo0L 25,
TN T T NG S OERE
BrEErT oM~ obiFEsh
DT EDVBHBMNE R ST

High proliferative capacity of
human perichondrocytes

~ 7 ATH L& BRI D &
TEIZEETA2MAND, FxldE HEE
A8, Z4r{bEe, BCOEREE, MAEEE
Fre/n Lol L CoOREEH
35 M S SR HN BT R RIS AFTE
THLDELEE L. ZbDREE
FAET D78, NEIERFENORHL
TRFEENSREEZSNSRE LT, b M
PERCE R IZ 3 T 5 /T BRI AR O 4y
it - RIEARLT. BREENEE 218
it U7z B OMERNCRm 0 1372 <, E
FlpL 106214 ThoTc. BEE
IR 2 AR R R R,
WOE-EIRBITE, SREEEHO=
JBIZBEEL, 40D EEEL- g%
FhENnEELE (Fig9a). %
J& i SR D HETERE & LT B 72 0,
R R (52 cells/em?) (L 57
B— Mo a = — U RURE D FEAT A2 1T
Sl HEEE 4 R%, SErG 7 a—

ET o ==k S (Fig.9b).
RSNz so— oo =—#3,
EEMIE 500 {H& 7z v 8B EHIR T
23.9%4.5 &, WEE-SEBITHHAR
T 9.9%+6.8 &, EEMNT 2.30.4
B TH Y, 8FBHILILM L i
HDTHEan=—FHEELHE LT
7= (Fig.9c).
BB R A oD & B R 70 BETE RE & K
BEE R TN L=, FEREEMICIE, &
& HRAMa I R EEE (12w—~) (12
FRE L, B eSS
THEIICo7 (Figod). 196 H
MIZDO7-T 14 BEIOMKREZEEIT-
ToiE R, 9.42 X 103l O BE EARALLE,
1.20 X 1027 {E % TH 1.27X1022 {2
W Lz, —7, 9.42X10% EOKE
MIASIE, 1.26X 1024 {HE T 1.30X
10V FEICHEIE LTz, T7bh, R
MIRG I ZERE MR LE 5 949 fE D F
M EAHTREAEFELTND
ZENHAL, BEICEVEEENE A
HOZ EDEALMNE o7 (Fig.9e).
In vitro elastic cartilage
differentiation potential of human
perichondrocytes

SR B A A D BB B~ D A (L E
MBS A L EFEME LT, EEL
EEEY AV CEHE M~ 5L
EE1T-7- (Fig.10a). #EREHIEIL
BELEITH)>ZILL-T, Zussd
77U F12, Type II collagen(Col 2)%
EETOHEME~nT 5 &0
MR & 7= (Fig. 10b). EEBEEHIAL
Lofb LB MY D Lo %



BEA ST X 012720, BERT
mUVRETE R BT o ERERMER A~
fbiL7z.

WOE M~ D s {LBE & E &I
T oo, Vs A4 L PCR #H
W BRPERRE LB E T D R
A2 fEMT LTz, SRE AL 2 FE B (L
W5 biok b, eI
72 B Th D versican(CSPGY) ,
elastin (FLN), alpha 1 type II
collagen (COL2AD , fibrillin 1
(FBNDEIEF DB L ~LiL, &~
4.2 %, 9.6 %, 2.11% 17.2 FICE4
W ERT LI LR E N (Fig.
10d-g). —F, #HEETICHEAOL
alpha 1 type I collagen(COLIADD
FEHLIL 018 FIZIK T L7= (Fig. 11c).
ELISA AW\ T, SEMEERCE R O
fabh~ N v ATHAHTaT 47
Uy, mTAF Ly, a5—4 Uk
REDENT 21T oT= & 2 A, FER{LL-

OB IS I BV TS 2 17.5+4.3,

235.6+£19.9, 61.8+7.5u g/ml DEE
FEAENTER SN, B REE D,
OEEPEAEREIL, RIERICRER (L L7128k
FHEO T aT AT, =5 XF

Y, BTV EARE (% 419.011.3,

234.0%£16.3, 55.8£4.9g/ml) &[FE

ECTHDH I ENHEBA L (Fig. 10h-).

In vitro multi-differentiation and
self-renewal capabilities of human
perichondrocytes

WUE AR~ {bRzIC N A, HKEE
MEOEN B L OE b0 F Es
Rt L7, B bas sl L 5 3

BREIOEEIZLY, S EMEEITH
WORREIZZE L, Oil Red O 2 T
EINDIEMELBRT 5 2 &2
T £, BoLEER I &
2 3EMOERIZLY, SEEMEIT
Alizarin Red SIZT#E &5 Ca &
ZEIELATDH I ENERSNT

(Fig.1la ). #EME A28 L LT
FEROMEFEE LT/ & 25, G5
WA S CalbBE LRI~ 2 &
D, BB O DS EUE 4L RE LS
MARERS - B~D L3k s H H>EN
maEn (Fig. 1la £).

EHIRICDI > T, (ks H L
roER/ATBRARA S B SR L0 e
SITWD Z & AFERAT B 720, fkft
BEAToTHREEMEEZ SRS L
TEDACRE DT 21T 72 55 3HkIX,
THEFC, 10 MRAUEE 4 O &R AR
X, fMladbFg e, RT-PCR Of5E &
DTN LECE, BB, B~ % 1LEE
RHEFFL T\ Emh, Zh s
a5 60t —EirE o B
BHELALTWAIENTRER IR (Fig.
11b,c).

In  vivo tissue reconstruction
capability of human
perichondrocytes

A2 L& OVECE MR~ O b e
BOERERLSOBEMARE LTINS
HCE SRR & O UE, o vive 12388
WTTENRMEECE SRR A B
FETELLDEEZ. 0T 71
—FOEHRAEELRFT 570, &
R BRSO S (LEFE O, kL



MErHONER EEE ELICHEER
EREY U ADE TIZBE L. M,
oz h e MEREMEIZ DN TS
[FROFIECTHRE LT 7. EFEH
faix, B 3 » A BICEE R AR
L7- (Fig.12a,i, Fig.13). #HGFAIE
Broh, BB, SEHIBEFE
BRIZ in vivo CHLEAERE MIRE~ & 1k
L, TOEAEECHETaTr4 7Y
T 2 RORMERRME T B T R R R R
xBEESTH L NHEEAL -
(Fig.12b-gj-0). —75, TEMHEMLF
Qe O 3R MR L g S
FUTZHRRRIZ W C D F, Col 2 B
PEBCE R DB B % Type 1 collagen
(Col DBGME DA A HE L TV
L2 EnER Sz (Fig.12h,p). &
AR > CTEHBEMABLAER SN
TWHZ e amd i, BEBEME
BAE% 6 » AEONZ 10 » A Bz
L7/ S W T b [k DR 5 17
ST, WTNORRRIZRBWT bR
ki Col 1 [EMERRERAEME CHRB S L C
B, EEE R & OEALE D
LR S5 HMEEEMBETH D =
EDVHIBA LT, — 0, BEERASS, B
BRI CRMERSME CRON A5
FRAEMEAE IR, B EASLHIRILIE
BB o ZhbD
fEER D, WEEMARIT in vivo TA
SRR & RIARIC RS HE S, B B
23578 D MREE A R o MR ECE AR
e RHEICHEEET S 2 LA
L7z,

Elastic cartilage reconstruction

using newly developed scaffold

b NECE AR A O T s
MBOBFERICERLTHA T Y7
4 —/ K(pCol-HAp/ChS) DEA % 21T
W, BEFDO AR v 75—V B & D il
e 54T - 7. pCol-HAp/ChS 1%, =
T UARV, EBEEEL LT
mondar oA FUompmErs e
BIREL EiF 570 Rax
T 38 A BRLF % (incorporate)
THZ LI Lo THE. T
EEmWERREELF L CRBY, &
BAMETEBIE T, FONEEIEEMEIC
B AT~ (Figld.a). £ MEBSH
Z bmm X 5mm X Smm KD
pCol-HAp/ChS |ZHEFE L 7=1%, BHIE®
BN~ ADET~BHE LT
(Figldb). EFED AX v 74—/ K &
B 272012, R—&4TThA R
X TINEA FAR Y T 3 —)L K
(HAp), 25— A%y 74— R
(Co) & V- FE & EfE L 7=
(Figld.e). BBHE 1 » B, HAp & [
WE R T, MEEE R <
BEIN TV 2o 7= (Data not
shown). Col & H W= TIX, A%
Y 74— RO SRR IRIHE DN B &
AL, W U E I LA HEE
BTESICREL L=(Figld.c). A%
¥ 7 4 FRI~ ORI E LR
HHNT, BT EEEEL—
ECRE L Cu (Fig.ldd). — 7,
pCol-HAp/ChS % AW - i, 3#
N SCIR A FrD sl E R R & B 2
L7z (Figld.). FREEURORE XX
HEETHY, HREERLETOER



HROLBEIMEEE LTV .
Alcian Blue @050, #EEEE
A AT O RV E AR A, A% v T
— /v R 43512 Homogenous IZ7F7E L
TWDHZENRHALNE ST
(Fig.14g). =2 C, L0 KB
HEMOBFBEL BB L, B 15mm
1 & bmm O K pCol-HAp/ChS %
MAWTBHEEREZToEZA, 14
H#IZE 12mm X 12mm X 5mm KD
WHEET S e MBI TE
gZahi (Fig.14h). MEFAOMENTIZ
£V, A%y 7 — REIT AR
BMENEEL, TaFA sy b,
BPERRHEDEEAE TR H- Z & )
B, U AL pCol-HAp/ChS & 3
ICRBAET 5 2 & T N EIEEUE AR
ZEAEETHZ AL
(Fig.14i).

Clonal isolation of cartilage stem
cells by FACS

b MBI IS EE T B8 - Bl
BEABAR ORI IZ T T, BB AR 3
HLTELT, BB DR
AU TR RS S iz, CD44, CD90

FURIZ DWW T 2 0 L 72, EAE
SNTHEIZBWTFDRES RS
AR LF LB LR LI E 5,
CD44 - CD90 z 554 2 Mg Lk
FRAEBIZ B O TREMIZIRET S
ZENALMNE o BBERN &
{2, CD44 - CD90 G EHmpa X S
FRRE DI\ TR RS
M E LT (Fig 15). Zhig,
EHIBEAE O FEO—>TH D, —iB
PEHE5E (Transient Amplification) (=
HIDHBETHD LRS- &
Mmb, ZiLo O~ —h— ) ap O
LICERTH D Z ERRBE L.

FIT, INHDv—h—EHEHE
D& T, MR L D EETER
MDA L &3 7. FACS 2L 5
Single Cell Sorting DFEEN S, FHu
o = —EEIEZH T A MEN,
CD44+CD90+ifaEHIC FF R T
ETAHZENBELMNE o=, B,
Ih ool afkier B4 513
MY T, MEERBEET, & b
SRIERRE £ PSR 5 Z L NHIBE L
7 (Fig.16).
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Fig.1 Development of murine external ears.

Fig.2 48-week chasealysis of BrdU-labeled

cells and Ki67-positive cells.

Fig.3 BrdU labeling of auricular cartilage Fig.4 Long-term LRCs specifically reside in auricular

in a 4- week-old mouse. perichondrium.
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Fig.5 Presence of long-term label retaining cells in ) o IR
Fig.6 Localization of long-term LRCs in different
auricuar perichondrium 48 weeks following birth.
parts of the external ear.



. Marker  Perichondrium  Chondrium

Integrin alpha-1 . -
Integrin alpha-2 - +
integrin alpha-4 o .
Integrin alpha-6 - -
Integrin alpha-V - e
integrin alpha-L - s
integrin alpha-M
Integrin alpha-X R
Integrin beta-1 Pos e
Integrin beta-2 . o
Integrin beta-3
Syndecan 1 . -
Syndecan 3 . -
Syndecan 4 - B
PECAM®
VOAM o -
Fik -
Chad & ~

NOTE. (~) 7 no immunostained celis; (+] = 0 < posttive celis € 8% (++] = over 5% cells positive.
a: PECAM 1 = platelet’endothelial cell adhesion molecule

b, VCAM = vascular cell adhasion molecule 1

o Flk1 = Fetal Liver Kinase1

Table 1. Cell surface marker characterization of chondrium and perichondirum

layer using 24-week-old mice auricles.
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Fig.8 In vitro characterization of CD44+

Fig.7 Immunohistochemical analysis of , i ,
integrin-ab+ LRCs.

cell surface marker proteins in a

24-week-old mouse.
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Fig.9 High proliferative capacity of Fig. 10 In vitro chondrogenic potential of
human perichondrocytes human perichondrocytes.

b Pasuags 3 Pacsage 7 Passage 10

Fig.12 Elastic cartilage reconstruction

Fig.11 In vitro multi-differentiation and » )
o capability of human perichondrocytes.
self-renewal capabilities of human

perichondrocytes.



Fig.13 Reconstruction of larger human
elastic cartilage by subcutaneous

transplantation.

P

Fig.14 Reconstruction of larger

elastic cartilage combined with a

newly developed scaffold.
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Fig.15 Transient amplification of CD44+
CD90+ putative stem/progenitor cells

during cartilage regeneration process. ) ‘ )
Fig.16 Clonal isolation and

characterization of cartilage stem
cells by CD44 and CD90.
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5-bromo-2"-deoxyuridine (BrdU)iZ L %
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