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ER

FEAAICBWTOEOSEREFIIHER 00 M LA 0. 260EmNWEETHAET S
ERMIRB LTS TS, ZDREICB N TRMEERHEEES RIF RS DERF LN
TR, EEEKEDD, NEHIE 0 EIICES BRI S ERm O Tl &=
T2, TORTEERREDEGIEERREAH TH S, BHREOBRBITHL. K
AEHEH DD EI 5 RN D § REICEHLAOBEBEEIT> TVWEN, —EIL T E
DEHRNMELNTICEREOFHRZ2ET S 2 &bDRL<R0N., TOH, WRETD
BRI 2 KRGS S BRMHERMERMIR A T, BRREETV. TOZMUEE
DB REMERRL TER, Tk, BEEOREIT LIRITHTT S
N2 EE B OB ORFHIED 5 b Bk H MR ML 25 . BilEREF L TS .
LA LR USRI TH > Th BSRHRNIC X 2 0MEREICE RN D 0 Z VI FEERER
ICEBENEEZENTVNS, T TAMETIE. BE LSRRI O£y
MM OB EL T, B - Bl - RESMEFBITIT o ERERE L.
&R - HH

R, FEE. FEE. @EEN S THERAR S HABERIL., SERT L

b BRI E R 2 6t L. BEREOFMmII IV T A (Ca) EEREOFHE
ETUBY Ly R SREEFTRD 72 IEHBREEOTHEITA MV Ly R 0 REZTT/R
S7r. BUBTBREEDIAGIL HE . RV P> 7 —%4, real-time RT-PCR ZA W
ol
RERD

BUREEICDOWTIE. FE EBMNS 6 8HE £ T Ca BEZRE L 722N FEMELFHEH
IENWTHOE TS Ca EEZRDRN o7z, FEERMICE 2 MEFEDOZER
Non-repeated measure ANOVA+Kruskal Wallis H-test Z Wz NG EBZEZRBDID D
7= (P=0.053). BIHEMIA~MEFEEL /- Ca DEFEERT T VYU > Ly B S REAIIH
MR CHRATSE, EEMIC LD RADRS IZEERY, LEE BRHERMEN—%
Ehno 7z IBIFERAEIC DWW T, FER TREIN, TORAICKZIENTHEREED
RT3 BICHDNTz, BE DIEICIE B FEE B LB HR TS O g 3R
BENITNo 7. IEMEBER TRPRINAN Oz, WETBREEICDWTI, FEAH
O HE Fe Tl o BAMANT IR B BB L 2 OB 2D MV 22T )—



Yt TIIAY 7 O D— %Rz, real-time RT-PCR ICK DB MRAEDIR S 1L 3 B
AL R ONEIC RS HSO S R FEB TRk TH o2, thiE
B HSRITEE TR 2 388 28 E RO B WEIT DTz,
BED
Bk DBTGREEDFE R CIIEIEIC L D FEDEERDE o720 BENSHRIL

B EBIEYT DX EEEDN SRR LB ERWSNN HE O AR EE T O BBE
WO B REEREERT Z ENMESN TN, BN EE WS BE RS EA
B EL D E S T, TORREEEL. RIT—E LU TERTOILENDDEE
2 %. IEIHRAEDREETIX. BEBRMERMROMEFBERN—FS N o7z I
IFEEMDEEMOFLER L TW2EMEET 60 REL v RBICED L. Bt E
EHH DM, TORBMIBENS NI ENFELTND EEZE5NS. SAE HREH
R & 0 R SR D /5 DB BN DML B EREDME N2, DN S bEEH HIRE
WIS EEREOBIC RS — ORI E L TER EE A2 5N 5, BRETERAEDRE R T
B BEINIREINEVED 2BICHN Nz, BFEINDHO N —EHT 16 %
& 20 5%, FEINBVWEO RF—ERIZ TRE IR THo . WEEMBICITE NG
FHEE L MLBE A T D4 MBI AEEL TS M, B kMZE Rerili, RA
DOHEBEICTEIET 2 EHI S BivE U - L O s3I e T 2 B K 0 @ik g o EaE
ZRLULTWAENREXINTWVWS, E/=. growth factor DFEFE FIZ T HEHRAE R
DI MEEENBE WENRE SN TS, INSEEEAS &, HwIEFIT viability
D BT B EHIANTEET B D TR < L AAEHHILIAT & LUE0 KB F— B L T
WEENEZ 60Tz,
i mo

R S 3E R & B SRR ZE R ML ORBGHALIC KL 2, HMEFBDEZBDZ.
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1. ¥
RAZEREEND (mesenchymal stemcells;MSCs) VB BERAARSNRNFALES < DMK
SHEEX T, BEOERY—N—0SMEEEEB L TV Z EMHMENTRS " o X
- FIREIC I B B0 5 M L 72 RISERATIE. (nesenchymal cells;MCs) & HBARAD
LLTOMEREF TR, MEBBIc L DKE. BIi~OMMEAFIRETH V. NSCs £k
HEEEGELTWS Y . —HEENS S MSCs #EOHE 274 U 7z MZE R O BEEHY ]
#ETH0 Y | BERICBWTIE, EREATAREROS BB 2 WIRSH N HRE S
NTWS 9 ST A Tl A I B R & B 3 AR R F SR ER A A
- (Neural crest stem cell : NCSC) 230, FAEMNED SMRIRIIHERT D7D, TD
SE %o I BE RO A ER LB OREEE U TER SN TN S, ZORMERI
WY BRI T < UL E R O MSC O—Ri EEHHITFEEL TR MY, Z
MU BT 2 NCSC v B AR R O R RO P BRI, B As. B, Bl N8I,
X5 = . —EORIVEEEMBEAEMETRETHE EINTNS, LHLAED
5 NCSC 13564 s b BRI N M TH 2 DITH L. MSCIEMmOEEN 5 ERS
MDD, EEICBTS NCSC & MSC 28FE— D@l T b 2 NENOFMIZIA S
Mo TN, £/-. AUBERMETH > Th. BEEBISRENEL. el
SIS EL DTRRE 23 0 | FEERRIC BT BB R 5 72T D EYFRITEES Rz
2 AR B BN, ZOEMIARHTH S, T2 TEHEGE LBEE OMERMROEY
sepgmat & U T BOMETRE, IBIL Y, B MEFE I T DM BiROERE,
EIE - BRI TRE L. |

E 2

2. Hik
LB ERESEY, - by HERERIT L o TRRI NZAMZE (RRES
B19-101) . BEICL B A > 7+ —A RI2 2 FORBRICITONZ. MEHIALER
B9k THRRAVEL - EEMBHC THIT L2 FRRICREI Sl o 72/ Iad 4 Bk, &
W 4Rk, TEE ARE. BEE ARG (EEEER 2XREUz. FlRE DR
M5 33 CEBME 1T Tholz. (Table 1)
2-1. b MEHEkESRAIZE R (hBM-MCs) D¥zE
5 B I THT S NEFICB W THBES NAREBR 2 Wz, Bhen LS
IR TREMREN SREEABRL, EbICHLE. U VBREER CBS [-];
-1 =



Wako Pure Chemical. Osaka) TPe¥#%. 25cm* 75 23 (Sumitomo Bakelite, Tokyo)
T, 10% fetal bovine serum;FBS (Sigma-Aldrich. MO. USA). Ing/ml B -FGF
(R&D Systems. MN. USA) . Penicillin 100 unit/mL. Streptomycin 100 xg/ml (Pen
Strep ; Life Technologies. CA. USA) . a-Minimumessential medium (e -MEM;Life
Technologies. CA. USA) (D#zHh (BAF a-MEM $5#h) 2 BT 37C 5%C02 1 >
—N—&TE# L7, outgrovth L7zl zfk L. SHE—MAROMEZ
CELLBANKER® (Nippon Zenyaku Kogyo. Fukushima) TH A2 R L-80C THiE IR L
Fro BEEEREEIIE B IR A 5 AN DM Z R R E U, MIREEEEL. MR
2ITVWEMRROMRZEL 7.

2-2. BoMLFEE

SRV X 10°& 725 &5 %6wel 17— b (Sumitomo Bakelite. Tokyo. Japan) IZ#k
FL. 37C 5% (021 >Fa—~_—FTHELE, MY TILTIVIY Mo
718 B4R s M 10% FBS, Penicillin 100unit/ml and Streptomycin 100 4 g/ml,
0. 1 «MDexamethasone (Sigma-Aldrich). 10 mMB-Glycerophosphate (Calbiochem.
CA. USA) and 0.05 mM Ascorbic Acid (Wako Pure Chemical . Osaka). a-Minimum
essential mediumzfWHEE BB L. GEMMEHEEZITY, BOLREEFMEL
7. FREICIERER S o - MEMESH COBRIEZE 217720 7z, BMIBSABITSHLZ
(Figure. 1) o

2-3. RS

B FRICEEREL. B LFHER T 3 EMMLAEERT o 2,
e lk4 LR =M 10% FBS. Penicillin 100unit/ml and Streptomycin 1004 8/ml
1 M Dexamethasone. 0.01mg/ml Insulin (Wako Pure Chemical. Osaka). 0.2 mM
Indometac (Wako Pure Chemical). 0.5 mM Isobutylmethylxanthin (Sigma-Aldrich).
a-Minimun essential medium T 3 BRINMLFAE LTV, IBIAMLEEFMEL . F
BEICIERERE S o -MEM 53T 6 B X TRBZITIRo /2, HHI 3 HEICRfLL
(Figure. 1) o |



2-4. WEMEFHE

BRE A DML R F0scar KB ICk > THRESNZR Ly MEBRITEU T
579 EHMR UM 50X 10°2 15nl R FaE L VBT 2 —TITB L,

1. 000rpm. 20°C. SAFIEL LAV Y h &R LUz, 24REHE L 2O B AT
s kz i (Mesenchymal Stem Cell Adipogenice;PromoCell#t) T3EMMLFAEZE
7, BB EREETME L /2. I3 AEICH L7z Figure. 1o

2-5. 53 LEE DAl

2-5-1. B/ LEEDFHi
@ 7UHU Ly RSEAE

“H R R TH 2PBS (—) TEPEEEE. 100% % J —)V CEE L7z, Pk, 1.3%
Alizarin Red S¥W& (Wako Pure Chemical. Osaka) &M W T2 RREL. &EKT
PR S B,

@ CaE=

SR ZETE 2PBS (—) TIEEEE#. 0.5N HClITHI > U AZHEL. T A/ (a
(NIPRO. Osaka) ZAWTILEFVIIET 1ESICHIN Y LADERETO,
Mann-Whitney’ s U testZM Wz,

2-5-2.  FRHFSMLEE D FHif

F1INV Ly FORE

SRS 2PBS (—) TAEPEE. 10%F)< U U CREE L. JEiFE. 60%1Y
T8 =)z U ER, 0il Red¥a# (Signa-Aldrich, MO. USA) THRE&L. 60%
(v 7a)X /) —)v. PBS(—) THEL 7z,

2-5-3. BB /HMLAEDIM
@ HERta & bIVA D2 TIV—5E

WS NI BE 2 PBS C2EIPE% 44, 1PGelle (GenoStaff. Tokyo) &AW TEU—fLE
. 4% PFA (Wako Pure Chemical. Osaka) TEIE L7z, /8T 7 ¢ S AMRITHYIL
HEZefa & N LA 2> 7 )— (Wako Pure Chemical. Osaka) REZFT7820 7,

_3_



@ Quantitative reverse transcription polymerase chain reaction (PCR)

SR HIAABEVE. PBS (—) TFe¥r L. RiboPure™ Kit (Thermo Fisher Scientific,
MA. USA) ZH\, 2RNAZHIH L7z, cDNAIZQuantitec Reverse Transcription
Kite (QIAGEN, Hilden, Germany) T. 42°C30%3. 95C3NHEFERIEZITNER L7z,
Quantitative PCRIE. CFX96 Real-Time System (BIO-RAD. CA. USA) TfTo7z. &t
i3, LFOEBOTHS, cDNA Q1) 2uldistilled water. 5.1 TagMane Gene
Expression Master Mix (Thermo Fisher Scientific, MA, USA). 1wl TaaMan Gene
Expression Assay primer (Thermo Fisher Scientific, MA, USA). 50°C-277/. 95C
~1040F8.  (95°C-15%b. 60°C-60%) X40cycle, TagMan Gene Expression Assay
primer : ACAN (Aggrecan. assay ID Hs00153936_m1). TBP (TATA-binding protein,
assay 1D Hs00427621_ml). ACANOR )4 p&EZhousekeeping gene & L THWZ
TBPDfE THRIEAL L 7z,

3. MR
3-1. BIHHE

B EEREHIC L DGR ERTIRE T, CaBEIIIEMEFERN BRI S
NiamorziS, FERTIINEN S SEBLMICEE I N, BENEADITREVELER
HME L7 (Figure. 2) o CalEE CIIEREGHRAL D7 %788 9 Non-repeated measure
ANOVA+Kruskal Wallis H-test&{7/xo 72728 FRICAEZIIRD 5N o7 P =
0.053) . BHMBEANMEBE LN T ADEEERT T VY > Ly RIREI
FEP TR TE, TORAORSIIFRIGILIC L 52RO, LS HRMEIERM
N —&F KMo (Figure. 38) .

3-2. N i Ak rE

F1IV b w ROLEIIIEHEREZRAL TH0. FMEFER TIIRBINTN o
2N, BERTIHRAINTE, —HEFICRD DY E S N IO THME L ZZRED
ML, JBEHEskEIERMAA (I-MCs : I1iac bone derived mesenchymal cells ) >
TEE HskEE R Md-MCs  Mandibular bome derived mesenchymal cells) >
A sRAIEE R MM (Mx-MCs : Maxillary bone derived mesenchymal cells) T&
0. HeiEE BskE R (A-MCs : Alveolar derived mesenchymal cells) 2513

4 —



FEMi~N DMLk 2 RD/ino 7= (Figure. 3B) -

3-3. B EEE

FEB ORI ERICTF 2 — TN THREL. RAICKRESZHELTERRIEL.
B OBINASERD 5Nz, EFERIIETTHD, TORE S ITELITRD 517z
Mo 7o MIIBE DY) B 2 VERR U MR I Z OMLE 2 RETT 2 & FERIIN
AN N U v 7 RITER BIMINIEE BB L KR D 572 2 R O
FZaR®E Figure. 48) . M1 D> T —0RaEHERIE. £ TOMETL IS
I L DAY IO — 2D, [-NCs TIREEREMLZ 5 &7 (Figure. 4B)

real-time RI-PCROMMHEH B TRKBFEINLZHDEEINTVRNHD LTS
M. O DB I-MCs=A-MCs >Mx-MCs=Md-MCs TH > 7= (Figure. d) o

4. B

Wil S ECERRE S S LEER B T AR TH D, IEIEEHIE (enbryonic stem
cells:ES cells) EfRM=EMMi (stomatic stem cell) D2DITHTHNS. HMBIEAL
T2V, T OO EoHAE 21 D REMR S TN e R 2 HERMA D 0.
BHE<ALNTWSONEHICHEET 2iEmEHAL (hematopoietic stem cells :
HSCs) EFIEREMIATH 5. b MEZERHMRITEREN O XN MIRER & U TFE
L. BRHIEED0. 001% 1 50. 01% 25D 2 EEHNTNS ., BETOREGICHFET
B BAMOEEIRI L IR L D ED D LIRS, HIE - 90k FOBRIR
HERE A SHERIN TV, SEFMPICRE /o 2Bz AW TIT > 234
OB, BRARDRBERALAM > AT, DO EEFEN SR TTED ., MEEEFF
g2 ETHEHLIERETHZEZEABIND,

4-1.  BHMEBEEBIIDONT
Tz DEADOHLFBORERTIE, FREERALIC K 2 FHEOEITFRD 5020 72,
ER O AR O REEIT RE S BB ENR T, DS TR WEE X 0 DEEEE D 5 ERE
LB ERWSHREFRERREEZRTENME SN TN Y, RIEEBEEHEN
B TR DY NAA VB ETHIEDREINTH DY, BEZNEREZ
ZELU-EBEOERENERIN TS, £k, KERECHBICEET M0t
_ 5 —



K9 — OEMAE < 2 BIZ DN THADHMERENME T TS 2 EMBD o TNHH,
FHHHCERLERT T TH B, REROBBMILETH>LBE. REW
50 RF— & UTRIBAITHS EF X 5B,

4-2.  FEMFMEFEBERITDONWT

JEIENDOMEHEORERTIX, 1-MCsFEIINDMEF B TN o T BHEHLL
B, & 1D EPILQ%:»E L TW = EHOER L6 05 E L 0 BRI Liao i #E0 R
2 EDDEIITBED, TOBMBTN I, BE. WENSZNWIEPREL T
W5 EEZB2%, SEOHEEZEEZ2 &, Mx-MCs EMd-MCstEI-MCs & FeFEIG~
OB EMEL . THUIRERKOEREEZEZ NS, EIOBRDCHEEEHE
DOBRICHERTS R — 0@ & U THEBERMOIIERATH L EEZX 5N, LU
— TR TESRICBRN D 5720, BIFETHRE/2HH OF RIBORRITIIAEERH
NE—BIRER> TS, INETUHRECREMEEREL 2t MEBERE R
RIS BERREE. SOMEMNER SN B LT O eRLTB0", &
R OViabilitybBE L TP fes T, SBEREOEBENLE
& XN DHERES CHEREMRAGRESIND Z LIk > T BB O HERIH
RBTEBHEZEZTNS,

4-3.  WEMME
WENOMEEBEDORERTIX., A-MCsDreal time RT-PCROSEKEBEFESNLH LS
NI WEOBIIANN. O R —Emd, REFES N/ hiE 5 fskEZE R
1Z20/% & 167%. SR WEIRIRETR Th o /. FiEER Bk Ot R AT I E W iE
TERE L MLRE R T DIk A IR IRAEE L TH O, RIKDEREICHEY SDental
pulp stem cell : DPSC?". % U7=FLt D safEICFIE T S Stem cells from human
exfoliated deciduous teeth : SHED™ . piRMEAN 5 [FE = 417zPeriodontal ligament
stem cell : PDLSC72 EVd 5%, #BHMLBE THIE T 5 & B #E H>RMSCsIESHED &DPSC
L OBNRESLAEZRLTHBD., MBEMLE L XV OBEEFERBL TWSY,
%7-TGF-B 1 (transforming growth factor beta 1) OFFFE ~ CTPDLSCI A & Fa>RMSCs
LOBEVWHBEREZELTVWEY, cNb2BEZ 5 EwEEICIdviabilityD R
73 BB LT NN E T RRAEDE N L2 T2 DI TR, FEHICH
g -

BEEIZDOINT

S



VF B AAEH O R — EFEHMOBNDPBERL TWZEZEZA LN,

5. wfE

ARFZEIC LD . BB BSkAIER M & B0 E R R IR O MEREDE R EFHER TS
2o TNZNOEMAZE 2 #EY72 R —RRET AR, BRICBWTX D DIRnFir
EHTEEEHNBERHTEL2ENHFTE S,

6. THRORE

wEE H S MSCs VR I B L. BB FIsk MSCs IZRICHKBNB(LOBEBEZWD ., T

DFEDEVWIZL D EYPEREROERDECTNDS EEZ 51D, fEo THRKTO

BREEROBIZ NS OREE+/ICHEML. LV LUMALE R —& U TER

THEMNEE LV, —H T, ERICEE2MEBEOERNH L2BFCRNTED N —

DEEADDHENG, 5HM L Z O/ TOBEERREMN OBKERNERE S

A5

F7-. BEIIEADOHMLEEZAE T BPeriosteum-derived stem/progeny cell : PSC

WEIELTWAY, MERMICEDEEABEEE L 5BOREEHES TBDY,
Z ZITIIMSCHTFEET B, PSCIIMSCs & e L Tam W dsERE 2B/ L. B, E. IR,
BEHE~AME LY. RERTEENT 5 2 & TENZBRRIEERTY, THEEICER
W TR 2RI, BIETHBL COWRLWEEBRNOBOY T >V R#ERs Y
BRNESNTLUEIENS D, BHBOMFICERIEETH2ENDN LY. SR
RIZBWTBBEN 2175720 0, BEEHEE - B OBIEICEE T 2 AN
DETHO. Ei. FERMIRN S HEIRAOMMLFEITH T 2 MENDH B0, *
EUERALIZ & B WA O /MEFHE D ZERIT DWW TORFT B TR OFE L BDON D,



7. B
KRR SO AR A TRZE MBS (O (1TK11852) DBIRZEZIT TITo 72D TH 2,
APEITILE R ERIRGE - 2ER HRAZETROSRLERV SO LE
B LD S EEEH L ETET. £, LERFERREOZ < OBBICTH V2N
e EEL. THAWEEWEERICER#ERL LITE T,
JLEKEESEGRIE - ZRNE REEGE - ILRLEREORNNIHEE, [
ERE&EED CHHED > TARREMTAZZ E2EH L ORI VBB EHL LT X
ER
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No Age, v Sex Donor site Diagnosis Cryopreservation period
1 5 M lliac crest Lt CLP 2years and 9months
2 7 F lliac crest Bil CLA 2years and 10months
3 6 M lliac crest Lt.CLP 2years and 8months
4 9 F lliac crest Lt CLA 3years and 2months
5 22 M Maxilla jaw deformity Tyear and Timonths
6 26 M Maxilla jaw deformity 2years and 6Gmonths
7 20 F Maxilla micrognathia Tyear and 11months
8 24 F Maxilla jaw deformity 2years and Imonth
9 22 M Mandible jaw deformity Tyear and T11months
10 24 F Mandible jaw deformity Tyear and 9months
11 22 M Mandible jaw deformity 2years and 4months
12 33 M Mandible jaw deformity 2years and 10months
13 20 F Alveolar bone Lt CLP 2years and 5Smonth
14 9 F Alveolar bone Lt CLA 2years and 11month
15 7 F Alveolar bone impacted tooth 2years and 11month
16 16 F Alveolar bone jaw deformity 2years and 10month

Table 1. A total of 16 specimens were included (7 from males and 9 from females).
Donors’ mean age 17 vears, range 5-33. Four specimens each were harvested from
the iliac, maxilla, mandible, and alveolar bones (derived from the maxilla).
CLP. cleft lip and palate; CLA, cleft lip and alveolus; Rt, right; Lt: left; Bil,
bilateral
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Figure 1. Protocol for differentiation induction and methods for the analysis of
differentiation
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Figure 2. Ca-producing Capability
No significant differences were observed using the non-repeated measure ANOVA
and Kruskal-Wallis H-test (P = 0.053)
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Figure 3. Osteogenesis (alizarin red S staining) and adipogenesis (oil red 0

staining)
A Cells in the differentiation induction group were stained with alizarin red

S.

B. Differentiation induction groups of I-MCs, Mx-MCs, and Md-MCs were stained
with oil red 0, and staining intensities differed depending on the harvesting
site. A-MCs in the differentiation induction group were mot stained
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Figure 4. Staining results
A In the differentiation group, H&E staining showed abundant extracellular
matrix inside the mass and formation of an outermost capsule comprising a
perichondrium-like fibrous layer (X10).
B. In the differentiation group, toluidine blue staining showed metachromasia,
and chondrocyte-like cells were noted for I-MCs. Bar = 150 um
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Figure 5. Relative expression levels of ACAN varied depending on the harvesting
site.



