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Abstract

The alveolar cleft causes the morphological and functional abnormality of the oral cavity.

Regenerative medicine using the mesenchymal stem cells (MSCs) is expected to be useful to

form bone bridge between alveolar clefts. In this study, we examined the bone formation

ability of the human umbilical cord derived MSCs by transplantation into the rat alveolar cleft

model. Human umbilical cord were digested by enzymatic method and isolated cells (UC-EZ)

were collected. Next, CD146-positive cells were isolated from UC-EZ using magnetic

activated cell sorting (UC-MACS). Both type of cells showed MSC gene/protein expression

and multipotency, in vitro. To evaluate bone formation in vivo, UC-MACS were transplanted

with hydroxyapatite and collagen (HA+Col) into alveolar cleft model. The results of micro

computed tomography and histological staining showed that UC-MACS induced more

abundant bone formation than HA+Col implantation solely. Cells immunopositive for

osteopontin were accumulated and embedded in newly formed bone. Cells immunopositive

for human-specific mitochondria were observed in both mineralized and non-mineralized

tissues. These findings indicate that UC-MACS are responsible for new bone formation and

can be expected as an useful bioresource for regeneration in alveolar clefts.

Key words: alveolar cleft, umbilical cord mesenchymal stem cells, enzymatic digestion,

magnetic activated cell sorting, osteogenesis



BHENEHRT, NBEH, NHRBIOHEANREI L7 1500 &0 9 @WFIER DS
KIERTHD 2. FRE LT, EARER & BEFNER M 6N TV D SR 75
BThs Y. BEOEXTOWMAMT, ISR L thoBEEm R ORI,
BEMRE OFIN & 720155, JBREMER L LT, SBEIHOIEFR, HHIAIE, 18
Te7e e, MAIORZAE, O RMLH MM ERE N HIT 6, WEERERE & L T
LR, AR, MEEECaNE L N0, RSO EOEEN BT b
% =,

— AR ERE D FROEREIL, £k 3~6 A CTHEEEMICL Y DERE AT
. BlERE 1~15 6 7 H COEREINC LY NFREFAS L, 5~10 skl BHAE —
REBEZITH. £ LT, HWAEBEZRPOHMAT L ETRIFEICHIZY, RS, A
Pesttt, MEIESEL, SEEIE, BT, #iEE, 7T v MR EORE L O
FHZ X IR L L 725

FREOWRIFEA T ¥ a— VORBEER E LT, W U7 SRR B BT T
THRAF L, FAREA~OFOZROW O BB O 72 £, Fix OJZRER), HERER
AR KRAFR O E E L7205, £z, FARE B BIER O AR & 28 T T o5k
BRI PME L 0%, £ 2 CRENCEKIT 2 SR Okt 0ERS, SRMOFEEDE
iR, B BB OERE B E LT, OB RN T TR A B R A

(gingivoperiosteoplasty : GPP) = & 2 BB T T\ ¥ Ll



N, GPP fifT#, 5~7 miFd o v — A CT 2B 5 = RICHIFEME T, BEZLENIC
BHRREDTER S VA OB G Do b DO, BARKEIREITEIRIC 4T
17207 P Ak, GPPIZISWTHAMEIEAL & BALRE R & 7 B S 57012,
HAERBREZISHTL RS EEEZ RTINS Y,

Mesenchymal stem cells (MSCs) (3 fk~ 7 2D FBIKS [ F A HIRE S,

AR OB RIEOMAAIE & L THifF S e, HAERRICREWT, @illuBiE

o
=4

PIEITHE 72 AEE E B2 5N TWh. MSCs X, ‘B, TRIGMLGRE, o B g7
EREx B S HEE S TV D ¥, GPP JEATIC IO BRI S I ST
W5, UL, EREECREMIEOSEECIE, RO EEMER Z1ThR IR b
P, BHESLEERRKENI ERRELEZ BN TND W0 2 2 CHRILICH RHAIC
) HAZ BRI Z BLEfE FTBE 72 MSCs 23R 6D BT & 7.

AR, IR B B MSCs 23y HE vl e & Hii S, £ ORI & L bREDER &
NTWD 2, RIS HER ISR E & A2 D72, MERRRES D72, FIUCB T
HEFICR LIERBERTH D, 7= human umbilical cord mesenchymal stem cells

(hUCMSCs) OFif s LT, HoN5MIENE8E T, RALMEAZL<, 2ok
B LIRSS R A A L, IR L L 72 S MR OB 2 30H 5 2 L G Sh g 2
23)

In vivo (23T, hUCMSCs % SHEEIC R ZER L 18T 7 L IcBiE L, +45

TR ETRR NI ST L s S 229, R, CD146 13E\ a2 o =—EEkRE & 251k



BE, EWEIM X EREAEHTH MSCs D~—h—L LTHEBINTEHEY, CD146 ik
hUCMSCs 1%, BSLEENIRE W ERM LTS 2D LaL, hUCMSCs % E%

O ZHZIROBRZIERICRBAE LTS 1TV E 220, 2 TARIFZETlX, hUCMSCs %

SN

WT T v NOBRZEETIVICEBAE L invivo ICBT 2B IEREEZ H~T-.



MEE ik
1. Mifaki 2
b MRS, PERHERT TRIE Z BUS#, @572 25~38 o EUIBE &2 MifT L 72
HUEpEG > DEREL L 7. P &2 5~6 cm RO, WE I I VY (7 = P —2 24
JJ, KR 12THKI 2~3 mm U5 DORE I L7z, b MERREEMRIE, BERE
(enzymatic digestion ; EZ ¥£) (2L W B L7=. EZIEIC X VAo =MEO 0 BSR4
KB (magnetic activated cell sorting ; MACS #2) 12C CD146 [5G M ie & 4y Bl L 7=
EZ IRIZZNETORSE PO L Torz. RIS T L, ML iikz
Hanks ifZ ( H 7K 843K, 80 12 3% % L 72 3 mg/ml collagenase type | (Merck KGaA, Darmstadt,
Germany) & 4 mg/ml dispase (FIYEHi3E T3, KPk) ORGSR (pH7.4) 35 ml H1iZ
B L, 37°CT 16 il A > % =~— M&, @EO0BEE (KUBOTA 5800 ; AfRH P,
HUR) T THIMRRR 53 % 40 Bl L 72 (430 xg) . £ D%, 70 um D& /LA |~ LA F— (Merck
KGaA) 12X v fiaZz HEE L, 1x10° o4 100 mm 5520 (Corning, Corning, NY,
USA) (ZHEHE L, B53% L7-. B3 (growth medium; GM) (21, 10% fetal bovine serum
(FBS; Lot No: S1302551780, Biowest, Nuaillé, France), 100 uM glutamate (GlutaMAX I;
Thermo Fisher Scientific, Waltham, MA, USA), 0.1% minimum essential medium (MEM) -
non-essential amino acids (NEAA) (Thermo Fisher Scientific), 50 U/ml penicillin, 50 pg/ml
streptomycin (Thermo Fisher Scientific), 0.25 mg/ml Fungizone (Thermo Fisher Scientific)

U U7 a-MEM (Thermo Fisher Scientific) Z /=, o7l %a UC-EZ & L



7z

MACS 1%, Aslan & PO HFIEIC LIz3 T o7, ERICRET &, 1-2x107 8 Ok
¥ 2 ® UC-EZ 2, FEREMIIEES 7 2 vy X 7 FTHD FcR blocking reagent

(Miltenyi Biotec, Bergisch Gladbach, Germany) #% 10 4rfilok ECEH &H7-. CD146
~A 7 v bE—X% 4C 15 3WEH S87-1%, 0.5% bovine serum albumin (BSA) &#
phosphate buffered saline (PBS ; # % 7 /31 A4, EiH) (pH7.4) TUEE L7=. MACS &
N L— % — (Miltenyi Biotec) (Z2£75 X172 LS &7 7 & (Miltenyi Biotec) (Z 3 ml @ PBS
ZIEANRE, ML > k% 500 pl OfF PBS FCHEEL, T AIEALE. BT
Lzl L7z CD146 2t IpEEE L, U T ATk~ 72 CD146 [BPEfiias 7 F o v
Y—THLHL 15ml F=2—7 (Star; BAWF, 445 2) (ZENL L7, [ L7z CD146
BEPEMIAL A UC-MACS & L7z,

UC-EZ (3 5.0% CO, ® 37°CILi#l T CTH53E L7=. GM 1L 3 HIS & 18T LUK & 2efa L
7=. 10~80%=1 > 7 )L NI L7121, TrypLE™ Select (1X) (Thermo Fisher Scientific)

(LLF trypsin/EDTA) % AW CHIIEZ RN L, 1: 3 OIS TREREEE 217V, MK
2 7213 3 Ol A FEBRICAL L72. UC-MACS XA L 7o Mifa 2 EBRICEE A L

7o, UWTOERTIE, D7 etd 3 N EDRRZ BHE B ROMIEZ Ve,

2. 7un—Y% A PRA U —

HEAH 3 @ UC-EZ & UC-MACS % trypsin/EDTA % AW CEZEM 2> HEIN L, 5

&



M Oy B, (430 xQ), 4% /3T RV AT VT B R (PFA) AR C 15 23 EEE L7-.

EREGTE MHUAZ RN L ERIE T 1 RERA % 2 X— | L7z, Baksh & 20 HIEICHE,
—IRPUARIZ, fluorescein isothiocyanate (FITC) 5k~ & A€ / 7 m—F Ltk | CD14,

CD45, CD73, CD105, CD146 #i{&, phycoerythrin (PE) tZifi~ v A€/ 7 u—J} )L
Lt k CD90 Hiif& (Becton Dickinson, Franklin Lakes, NJ, USA), FITC t£fk~ v A€ /
7 m—J Ltk ~ CD34, CD44 fiti&k (Beckman Coulter, Brea, CA, USA), FITC fEik~
U AE /7 a—F stk b CD19 (BiolLegend, San Diego, CA, USA) ZfH L, #X L
KEIZTI0 DA rFax—F L., —REEZHEHEST PBS DAL A o F a—
FMLizbozittary bo—n s Lz, HukL s SEfldz PBS Tt L, 71
—HA P A—=H— (SH800; YV =—, HL) ZfiMH L THRMEICHT SR mbLn

D~ — B — T 24T > 77, FHURICHOW TS L7 FEBR A2 3[R0 IR LiT- 7-.

3. B R IENT (RT-PCR; Reverse transcription (RT) - Polymerase chain reaction
(PCR) )

a7y NETEELE 2 HOMAE2 5 RNeasy Mini Kit (Qiagen, Hilden,
Germany) % fffH L T total RNA Z#iH L7=. 1 pg (ZFH%L L 7= total RNA % ¢,
High Capacity cDNA Synthesis Kit (Thermo Fisher Scientific) (ZJ Y cDNA Z &Rk L,
Quick Taq HS DyeMix (H¥F#fLE, KBR) 2 HWT 20 ul OISR ZFA#L L 7. PCR i

I% 2720 Thermal Cycler (Thermo Fisher Scientific) z f\>, 94°CT 2 4[]t & E721%,



94°C30 #, 55C30 %, 72Cl oz 1% A7 LE LT, 3Bb¥ A7 To7. ML
77 A ~—% Table 1Z757". glyceraldehyde-3-phosphate dehydrogenase (GAPDH) %
NTEME= > hr—L & L THWE. PCR IGFEWHRIE 0.5 pg/ml ethidium bromide #sin

1.8% agarose gel |Z CESIKENE, SEIMERST T CRIZ L.

4. 253 LRERTAT

RO 2Dz pe, 2 FEOMIEE 24 well 7 L— K2 2x10* Eiwell 725 L 5

p=y

EREL, GM T Lz, av 7 my MOELE, B b Eas 28 &
L T 10% FBS, 10 nM dexamethasone (Merck KGaA), 10 mM B-glycerophosphate (Merck
KGaA), 100 uM L-ascorbate-2-phosphate (FiYtffi T.3) 2% L 72 o-MEM (Thermo
Fisher Scientific) # v 7. fatb=ay hr—/L & LT 10% FBS &7 o-MEM Er i 2
VY, [FARRICEE R L7c. BRHIASHAIE 3 AR & 12TV, FEET Rk, 3 L&
Ze ke L 7-. s baBE R MG~ O 3 WM, A IRKALFEE OTER ORI 21T © 72, Alizarin
Red SYtaZ T o 72, £74 well 2 HEFHIZFRE, PBSIZT 1 [HIVEHF L7214, 10%H
PEREE AL~ U > (FoefisR T38) % AV CHEE A 10 20 [E & L7=. 1% Alizarin Red

S (Merck KGaA) (T XV =i T 30 pMgetats, Wif LBIZEAITo7.

2) Akl s &
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WEOHE  INRE, 2 FOMME 24 well 7L — K 2x10* fEiwell & 725 X9
BREL, GMICX VR A To7-. a7y MTELEE, TEIGMIG SRR
& LT 10% FBS, 0.5 mM 3-isobutyl-I-methylxanthine (Merck KGaA), 05 pM
hydrocortisone (i T.2£) , 60 uM indomethacin (Merck KGaA) Z ¥ L 7= o-MEM
A e, etk hr—Ll LT 10% FBS &1 o-MEM K7z VY, [RIERICHS
LU, HEHIAHUE 3 BB X127V, FFEERIRICOI D B2 T b 3 HEMERHE & kit
L7z, 2 fbisEbias o 3%, M ORRIIE O A1T 5 729, OilRed O
Qo AT o7, £ well 2D REFHIZERE, PBS (2T 2 [BITei L72R, 10% ik
R~V EHWTEIRT 15 oMEE L7, 60% isopropanol (FIYeffi#k T.3¢) < 1
[P L=k, 45 well Z582(Caf S E7-. Fofefg, 0.2% Oil Red O VAR (Fnehlisk
T3) X VERTI5 oM ELITY, HBRUK TS well 2 4 [BYEF L7-. TSN

IZNENR OB ZAT - T2

5. BAFIC K 2 WEAELAKRTE A RE A

1) BAEM kHs L OB 715
ASRIBRICHOTZHE (U7 4> b5 HOYA, #HAED) OfEkIL, A Faf 78

A4~ (HA) : 27 —4> (Col) =80:20C, EEEOBHERIZILL L I-Fk%E R

36)

16 JEnkEME Sprague Dawley (SD) 7w ~ (HAZ V7, HR) 12, &HMEEE L
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T 3 TR (ERR AT F 22 (0.15 mglkg) (BITEHRLEE, W8I, 4V T A
(2.0 mg/kg) (H LK Fx), WA hLv7 7 2 —/L (25 mglkg) (FATRHRLE)
EREPENICER L2, 1%Y R A > (1.5 mgkg) (BEF#Ei kT, BN % E5EE
OREIE T B SR FTRREE L, SV A A % AV C 3B & SRR IR O BE B I HEDIBR 2
Z, EBEOBEE S0 OEMO EFROIE ST TR A FIBEL, BEsEH S
. T INETORE TN LN ->T, FEOME R AEZHWT, EEEIC
5x2.5x1 mm® O KA R L7z, BiEE, HEZEMTBIE LB (BUF HA+Col
FE), KL & HIZ UC-MACS Z 4 L72HE (LT HA+Col+UC-MACS #f), #H{KH
fa &4 L TV WEE (negative control #) @ 3 BEIZA3IT TITo 72, /ER L 725 R4B
& A A XK A BAE L, HA+Col+UC-MACS B Tid, 1x10°{#® UC-MACS %%
FEERTICHRICEERE L, B L7z, 20k, FFERINIERES R Z AV Tl PRI A S
L, BRI D REET 5 O & feg8 L7-. hUCMSCs IZIXE s ind 5 &

9 i@EOHE BINHEV, SIEIMHEFITIH VR - 7.

2) ~A 7 1 CTIT X D ili#H#E ki At

Bl 8 BTNV E S — L (VLT TR R O JEEN 5 (70
mg/kg) \IZEN TV NI I T=. T v b O EE E %, 4% PFA 2T 4CIc
T 3 AREE L 70%™ ¥ / —/VIZEH# LT-. = D% CosmoScan GXII (90 kV, 88 pA,

50voxels ; U B2, HE) IZ2T~A 271 CT (UCT) HifgZiny Li-.
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3) MAMRERY - SRR SRR AT

i U7z B3R 13 4% PRA TRIRIC TREIER., @IEICHEWBIR &NT 7 0 a2 1T

JEZ 4 ym QU ZER LT, BT 74 LIz iz~~~ bRy e o fy

VYL LT SRR G, kPR E LT, U EFHiE |~ osteopontin

(OPN) RV 7 v —F Lk (ab8448; Abcam, Cambridge, UK, #FR{Z3% 1:200), ~ v
Z 4t human Mitochondoria & / 7 © —J /LH1{K (MAB1273; Merck KGaA, 7 fRfi5 =< 1:80)
%\ 7=. PeroxAbolish (Biocare Medical, Pacheco, CA, USA) T & 2 NTEME~L A%
V=B OREDOHE, —RHULIZISE T 10 mM 7 = f2 (95°C 30 4rff)) ALBRIC

LHURDOIRIE L 21T > 7. FERFERAPUAR G 07 v » % 7713 Blocking One Histo

(FTHTA4T A7, 5HE) Z=E T 10 SREM S 7. sk o —kbikz 4CT—
Wh St S 7. “YRFLARIZIE Dako Envision™ + Dual Link System-HRP (Dako, Glostrup,
Denmark) % f\V>, 2=96 T 30 4y M/EM &87-. 3,3’-diaminobenzidine using InmPACT™
DAB Peroxidase Substrate Kit (Vector Laboratories, Burlingame, CA, USA) |Z X % ¥ 414,
A~ bR TR REET o, B s b el E—REUED R D Y I PBS
AW, [ACFIETY A L.

AR, BNERF IS mEE RS OKR (A1603) &, EMpbt (FERHERL)
DWEEESOEROS &, AT A2 HEHA L CEiS . B FEERIT

P R S B ) 2R i PR B BRI - CREET L, S2BREV R B2 B = D 7KGE



#%1T-7- (A1833).
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SR

WIREFEE 4 B D UC-EZ ITBWTC, #REEFMuERMInZ STtk 2 RIERBEFT 5
HIIEEM 25857 (Fig 1A). UC-MACS TiX, MACS (2 X % CD146 [5: Al i oo 5y it

(Z &0, BEHEIOER O ¥ — 2R 23R 7= (Fig 1B).

2. REFUTDOFEHL
RIOPURORBLE 70— A A MY —IZ X VT 24T o 72, 2 FEOMIZ, CD14
(HEk~—7—), CD19 (B flifa~—H—), CD34 (¥& Mt~ — 2 —) 8 L X CD45
(AMmERGUR~——) OFBUIKL, WTiLh 7L FTh o7,
—7J7, MERS®M~——"TdH% CD44, CD73, CDI0, CD105 DHHITE <, 2
FEOMNL & & 75%LL ETHETH -~7-. CD146 DF I L Tik, UC-EZ T 48.8%,
UC-MACS T 86.5% & & T RE <H{ML7=. F£7= CD44, CD73 35 LN CDI0 D3 HL

IZ2WTH, UC-MACS 1% UC-EZ L v M EMIla D bR & h - 7= (Fig 2).

3. RT-PCR (Z & % 8138 Bifi bt
GM TE;R L, 71>y MIZEL UC-EZ & UC-MACS IZBITAfEx D~ —
B = DiElEFFBL % RT-PCR TREI L7z, T OFEER, UC-EZ I R4 bikR: B8 &

{5 Nanog & Oct3/4 [FFILL7=H DD Sox2 1FFILL 720 >7-. —F, UC-MACS
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I% Nanog, Oct3/4, Sox2 %9 _CHIL L7 (Fig 3). F7- UC-MACS /L UC-EZ LV

Nanog & Oct3/4 DIEELN TR - 7=,

4. Invitro (281 5 £/ LRE

B A~OLRERHG CIE, 75 3 % O 2 FEOMAEIZ 35T Alizarin Red [
MDA IRACFERI O DZRD HiT= (Fig 4A, C). —J7, BEtkar ho—iasnT
X, BPERIERRD Hivieh o7 (Fig 4B, D). il fa il A RALAE E O FERRIC 21X
DiproT.

NENGHERE~D L RERHI TlE, 758 3 MR D 2 FEOMILIZ I T, Oil Red O [
PEDRER /N ORI NIZ RO S 7= (Fig 4E, G). —J5, Bty be—iZ
BWTIE, BHEGIERRD b7z (Fig 4F H) . e i CRERGE ORI 21T

OIRnoTz.

5. Invivo (23317 % B A REEAT

1) uCT AT HL

7 v b EHBICERBEERLUZEZO uCT B28155T 5 &, REHITHY LT
CT A L IRWEEIA A DAL, SRR E REMER Sz (Fig5A-C). K4H
IR Z BT 2 &, ZOEAITE O & bk U CH O  RIEEO CT

AR <, IR AR L] rIRE Tdh -~ 7= (Fig 5D-F).
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oAl 8 128\ T, negative control A ClIE KIBFBIC B 2B ILRED LT
RORBIEEN DT A BT (Fig 5G-1). HA+Col B TIZEBEF B & L7
HRER K ZR O (Fig5)-L). —J, HA+Col+UC-MACS B TIZRIRE ORI & %
75 DEEAFE &R LT CT DO m WG A b LTz, 7o KR REIZ IS W T

PROBEAFE D BB & bk LR IR O A giatg 2780 7- (Fig 5SM-0).

2) FAHRRIHT A

AT hFTU e ATV UYL D, negative control BE TIXEZEEZ TR D &
N, HRET NVOFREHICERICOT 028 G O ZR O T2 (Fig 6A, B).
HA+Col # TITH KIBIIZB W THWVBRHES RO B ARG S - DT, R8s
HZHARD —E A L Cuie, REBESWT G OBEAFEE & 0T A5 1L —30Ee L Tuh 7z s,
WA B 80 CRaEE 28O 1o DIk U, A AR B DI A HL R 72 #RAE 1 o
B Z R, WA IXXBIN AR TdH 7= (Fig 6C, D). HA+Col+UC-MACS # CTlE#E
RIBEBORFZ G - GV I T, BEAFE 2> 6 L7 SR DJE W ERERR & Bt
BREOEMBESIER S NI, BEFE EHETORERALZXBT L2 LIXTERNoT

(Fig 6E, F). 7eds, HIERIZHOTDNTEEF L Tz, F£72 HA+Col+UC-MACS FED K

AIRAGARRIZ 1L, 22k z B9 MR H -~ 7= (Fig 6E).

3) SRR LS ET
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TRTORECBWTC, BXREEICAAT AR F U GEMR 280 7. FFig,
HA+Col #f & HA+Col+UC-MACS FETIE, #rld oFfm & B PICEASNTA AT
TR T UBETER AR O 7= (Fig 7TA-F).

Negative control # & HA+Col #£1%, Hiit MFRI h = R U 7HURISK L THE
FOSHEPETE 57273, HA+Col+UC-MACS #£Tlx, B MFRAI = R Y TR

el 2 B B T s L OMEARTE PH O AR IRALARRR 27RO 7= (Fig 7G-1).
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ER
TR OB FAEDRIUZ [A)T To FAEERE OS2 HfS L, & b MSCs TH %
b RIS R L. ARBFSETTIE, hUCMSCs % /0t - 538 L, % ® MSCs Ff
PE% invitro & invivo (2B W TRIFZAD R F KX OHEA LR fi#dT L 7.

MACS O~—7—& LTl L7z CD146 I, I N R AR OTE AL i & #7421
BWTHERMEESE S "V ETHY, Zietta o MSCs ZRETH~v—I—L&
LTHIGNTWS O F72 In vitro ICB W TEWV T B =—JERRE & BH 05 a5y
bEEZ BT 5 Z LA SL7= Y. In vivo I28N T~ 7 R CD146 5B i i 2R
Nz Bl % & MU NREEN R Sz P, £725 v FEEEE KIBET VIS
U AN T A A N EE ST CD146 B hUCMSCs 2 BAE 9 5 &, BTk & 1
BT DSRRERRICHIN L7 7). 20 X 51T CD146 B hUCMSCs 13\ i1 3 5 fiE
AL, BEREEKRELZESZ ARG SR TG 2,

AlaERE L D, FMCEEEE 4 H1% D UC-EZ TIEIMHE M iak i & & Tokk & 72 RE
OAMABEL S 727, MACS IZ XV 53 L 7= CD146 5P E#II > UC-MACS I 3#HE
FHNAEIA DL RN E N EZ 2 SN, ZOMITREORE & —B L, BHFEETD
Froy B U 7o MIRRAE R, WRIR < R T-7e it M A AR M I & M VBl ST o0 e 250
RukEAmlE 2 A9 2 MAatER & s S TR0, ke MaERIIIE, W oREEIC
DIHLEAEL, 2D T D70, ET7ITHUT E > THRMESFMICE S b b &

EZzonTn5 9,
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Tu—HA AR —IZBIT D MaREHURAT T, 2 FOMia T MSCs ~—7
—Td % CD44, CD73, CD90, CD105, CD146 DIFHMNED SN, T OFERITD
NETOHE &5 L, MSCs DREZ AT 2 HIANFIET 5 2 & 2R LT 5 2,
—J5C, CD14 (Higk~—7n—), CD31 (NEMfle~—H—) FBLUCD34 (i i
fil~—7—) OFBUIMK, HEEL - 2 BOMIZIZMERMRITIZIES TR
nol-ltEZBNS. Tang b DOWE & RIS, AR THOW RS BEE T
CD146 [ % 48.8% £ ¥ 86.5%IZH#4 N & &, CD44 (85.0% & ¥ 99.9%), CD73(87.1%
J 1 99.9%) 3L TCDI0 (91.5% & ¥ 99.7%) DI G HIIMEH, MSCs DRIz
GhieT Tu—FiEeEZEx b 5.

L E RO RT-PCR IZ XL Y, ES MHfE<° iPS M D Z /3 LREDOHERFIZ B 53 2 H55
N7-& LTHBATUVWD Nanog, Oct3/4 38 1O Sox2 Zfi#ht L7=. UCMSCs X2 5
OERAL & HEE LT, Nanog, Oct3/4 35 108 Sox2 DFBLRNMENZ LR L N TN D
M), KBF9ET UC-EZ @ Sox2 DFIMNFD LN -7-Dh, ZdD L 97 UCMSCs
DOFtELE 2 b5, F72 UC-EZ @ Nanog, Oct3/4 35 X T8 Sox2 MDFEBLFRE & Lhif L
T UC-MACS OFBn T DOFRBNITTHE L TWDH Z 2D, UC-MACS (XL 0 MO
WHIEERESIIR TH D & E 2 b,

2o EREOFHMIZE L T, B EMiia, BV~ BM LRI LD, Wi

(AR SRR I P E 2R U, i 2R & R~ DB 2338 BTz, T D
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RIXZNETORE L —F L 2D, WRIIZOEREZA LTS Z ERAL ML A
-7z,

Invivo |28 B BKREDFHMHIC VT, EREMMOIFA XL, BXREE~I~
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Figure legends

Fig 1 Morphological characteristics of UC-EZ and UC-MACS. A: Heterogenous

population of hUCMSCs isolated from the umbilical cord by enzymatic digestion and

cultured for 4 days. Arrow heads indicate spindle-shaped fibroblastic cells. Arrows indicate

flattened fibroblastic cells. B: More homogeneous population after purification with CD146

antibody using MACS system. Scale bars=200 pm.

Fig 2 Flow cytometric analysis of cell surface antigen expression in UC-EZ and

UC-MACS. Expression of CD14, CD19, CD34, CD45, CD44, CD73, CD90, CD105 and

CD146 in UC-EZ and UC-MACS. The yellow area shows the profile of the negative control.

Representative results of three independent experiments are shown.

Fig 3 Gene expression profiles in UC-EZ and UC-MACS. Marker genes for pluripotent

stem cells (Nanog, Oct3/4 and Sox2) were examined by RT-PCR before induction of cell

differentiation. Both cell populations expressed Nanog and Oct3/4. The expression of Sox2

was seen in UC-MACS but hardly in UC-EZ.

Fig 4 In vitro multilineage differentiation of UC-EZ and UC-MACS. All cells of inductive

group were cultured in the osteogenic induction medium for 3 weeks. Negative control group
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were cultured in « -MEM supplemented with 10% FBS for 3 weeks. A, C: Alizarin red S

staining indicating the deposition of mineralization in UC-EZ and UC-MACS. B, D: No

mineralized nodule formation was observed in control cultures. Scale bars=100 pum.

All cells of inductive group were cultured in the adipogenic induction medium for 3 weeks.

Negative control group were cultured in  « -MEM supplemented with 10% FBS for 3 weeks.

E, G: Oil red O staining indicating lipid clusters in UC-EZ and UC-MACS. F, H: No lipid

clusters were observed in control cultures. Scale bars=100 pum.

Fig 5 uCT images of the 16-week-old rat maxillary defects immediately and at 8 weeks

after operation. A-F: Representative pCT images immediately after operation. G-O:

Representative uCT images at 8 weeks after operation. Ventral view of 3D reconstructed

maxilla (A, D, G, J, M), axial cross-section (B, E, H, K, N) and coronal cross-section (C, F, I,

L, O) of maxillary defects. Dotted lines of 3D images (A, D, G, J, M) illustrate a position of

coronal sectioning. Maxillary defects of negative control (A-C, G-I), receiving scaffold solely

(D-F and J-L) and scaffold with UC-MACS (M-O). The defected areas are highlighted by

white lines in A-O. The border of each defect was clearly distinguished from the undissected

host bone by lacking orderly tissue continuity. Arrow heads in K and N indicate new bone

formation showing high CT value. Arrow in N indicates particulate new bone. Asterisk in E

indicates scaffold.
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Fig 6 Histological observation of the 16-week-old rat maxillary defects at 8 weeks after

operation. Hematoxylin and eosin staining of negative control groups (A, B), scaffold solely

transplanted groups (C, D), and scaffold with UC-MACS transplanted groups (E, F). Boxed

areas in A, C and E are shown in higher magnification in B, D and F, respectively. Scaffolds

are shown by arrowheads in D and F. Boxed areas in D and F are shown in higher

magnification in each inset highlighting the appearance of remained scaffolds. Arrow in E

indicates absorbed scaffolds. Asterisks indicate the nasal cavity. (A, C, E) Scale bars=1 mm,;

(B, D, F) Scale bars=200 um. Black dotted lines indicate the border of new bone with a

woven appearance. Red dotted lines indicate the border of host bone with lamella appearance.

Note abundant new bone seen in HA+Col+UC-MACS group which was indistinguishable

from the host bone. Abbreviations: NB: new bone. HB; host bone.

Fig 7 Immunohistochemical staining of the 16-week-old rat premaxilla defects at 8

weeks after operation. Immunohistochemical staining for osteopontin (A-F) and human

specific mitochondria (G-1). Negative control groups (A-B), scaffold solely transplanted

groups (C, D), and scaffold with UC-MACS transplanted groups (E-1). Boxed areas in A, C

and E are shown in higher magnification in B, D and F, respectively. Black arrow heads in B,

D and F indicate OPN-positive cells along the newly formed bone. Red arrow heads in D and
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F indicate OPN-positive embedded cells in newly formed bone. Arrows in B and D indicate
OPN-positive fibroblastic cells in non-mineralized tissue. Arrows in H indicate human
specific mitochondoria-positive embedded cells in newly formed bone. Arrow heads in I
indicate human specific mitochondoria-positive cells in non-mineralized tissue. (A, C, E, G)
Scale bars=500 um; (B, D, F, H, I) Scale bars=50 um. Abbreviations: OPN; osteopontin, NB;

new bone. Asterisks indicate the nasal cavity. (A, C, G)
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Table 1 Primer sequences for RT-PCR analysis

Genes Primer sequence (3" —3) Proguct size Accession number
{bp)

VI Reeme  ATIGTICCAGGTCIGOTIGE o NMOdsess

e Rewe  COGGGCCGGTATITATAATC 152 NM_OO3I06

PP Reme  AcCITCCcAAATAGAAcCcce S Moo

GAPRH S g@?ﬁfﬁﬂ&%ﬁ%ﬁ% 613 NM_001289746.1

GAPDH, gene encoding glyceraldehyde-3-phosphate dehydrogenase.
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