fE3a15 & outgrowth 15 T Haviz b b/ INEE M OVHT AR IEE Fh Ske sl o

HrMEIZ B9 % invitro & in vivo OfiEAT

In vitro and In vivo Analysis of Characteristics of Stem Cells
Derived from Human Dental Follicles and Periodontal Ligaments
Isolated by Enzymatic Digestion or Outgrowth Method

Rei SHINAGAWA

Meikai University Graduate School of Dentistry
(Mentor : Prof. Naoto SUDA)



= B

a IE SRR AL D SR O ANBIRIIL, BEPR RlEBE T R & BEARME TH D, SN
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TR AINIX, /38 (DF), $REE (PDL) 72 & O o JE PHARRR A 5 © 4y BlE T HE
THHIERHLNTWAD, AIFZETIE, BAY MNMEEKICKROEHTHS e MEE
B R DT Z B T 5 2 L 2 B E Lic, $oxid 2 D H e 2 M55
B, T bRk (EZ) & outgrowth 15 (OG) MW CT, DF X ONPDL Bk A
Sk #m e (DSCs) Z40HfE L7=, 15 H iz 4 DR 2 il fE 2 4 < DF-EZ #. DF-0G
BE. PDL-EZ #f. PDL-OG BEL L7z, &HEIZOWT, invitro TILEEFEAE. R b,
BRI, Z5bieZ MEt L7, Invivo TORHKEZRAETE Tk, &z A
RaXxy 7874 N ERESETZL D% SCID ~ 7 A~ L, FEE AL Z MK
(I LTz, A28 TR DAL R 4 FEOMAAREIL, in vitro (T3 CRIZEREHM~ —
A= THY . tEEr (ES) Ml N LZuetksr (PS) il BB s+ 4 35
L. & biEz A L Tz, B A > MEREES 13, PDL-OG #E2 k b s L7,
In vivo OFMITIL, AIEZ B U723 CORE CREALBERARRR O3 A H LT,
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IZHtEE R L, B L7t hd DSCs 2t A v NERMAZ R LI L& 2 bz,
X 51T, PDL-OG FEOBAE F CIE MM A > NMEAROFMRIZIN 2 THHIlEE 2 > K
BERROMBIER DN A DTz, 2B DRFEIZE Y, PDL-OG #ITE A > MEBAEIZH
T RICAE MMl CTd D LB ST,
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Abstract
External apical root resorption is an undesirable complication during orthodontic treatment.
The clinical resolution of this problem is to regenerate the tooth root by de novo cementum
formation. In regenerative medicine, mesenchymal stem cells (MSCs) are frequently utilized
for hard tissue regeneration. It is known that MSCs can be isolated from human dental tissues,
including the dental follicle (DF) and periodontal ligament (PDL). The present study aimed to
clarify which kinds of cell populations derived from human extracted teeth can be used as a
bioresource for cementogenesis. We isolated dental stem cells (DSCs) from human DF and
PDL using distinct two procedures: enzymatic digestion (EZ) or outgrowth method (OG).
This procedure provided four different cell populations: DF-EZ, DF-OG, PDL-EZ, and
PDL-OG. Cell surface markers, gene expression, and the multilineage differentiation capacity
of the four DSCs were examined. To test hard-tissue formation in vivo, DSCs combined with
hydroxyapatite were transplanted into severe combined immunodeficiency (SCID) mice, and
tissue formation was histologically analyzed. Each four group showed typical stem cell
properties, such as expression of MSC surface markers, embryonic stem (ES)/ induced
pluripotent stem (iPS) cell-associated genes, and multipotency in vitro. PDL-OG showed the
highest gene expression of cementum markers among four groups in vitro. In vivo
experiments, all explants formed hard tissue-like tissue. DF-EZ, PDL-EZ and PDL-OG
transplants were positively immunostained for cementum markers, suggesting that the
transplanted human DSCs generated the cementum-like tissues. Interestingly, PDL-OG could
form the cellular cementum-like tissues in addition to the acellular cementum-like tissue in
vivo. These findings indicate PDL-derived cells isolated by the outgrowth method are likely to
be the most competent cells for de novo cementogenesis.
Key words: dental follicle-derived stem cell, periodontal ligament-derived stem cell,

enzymatic digestion, outgrowth method, cementogenesis
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DETEDD LIFBERFHAREZIT T HONZ TEL I D EHELTWD,
BRI K LT, = AV Z X7 OF A a4 =X Emdogain® 23 il /EH 2 8> =
ERRESNTND Y, Lo LAans, BERFHARPIC 2D & WRFHICHAT L
THARWI A IHIT 2 2 SIFBEH L ITE 220, Ledi - T, BIEHEFHEREH 124t
RN L7 BB OFAE B E LI2GE, AR TO' A v NEFADRRENEE X
bivd,

BAEERRIZENT, @illaBiRikT, oBECAEHTHLL EEZADNTND
YO, mMlalE. HOEEERZOSOEEZRED, an=—BREEZ AT 5 MR
(colony-forming unit - fibroblast; CFU-F) & L TEF SN D 9, 72200 T b [ R
fi (mesenchymal stem cells; MSCs) 1%, @75 FCRET D 2 L2k, FIEM
o, s AR, BRI, Fhiiiads X ORRRsHIie 2 & e o MiafEic ok L 5 5 |
Ml L UC, SR IS ERARIS IS R TR % 22 B CREACER DM T T 299,
Z S ORI IR ER A (embryonic stem cell ; ES #liii) <0 A T2 et #ia (induced
pluripotent stem cell ; iPS #lifld) & IFXE D | ARICH KT DM TH D72
JEBALC B AALDSERIEMEL | RERRBEICHADBHETESLEX N TS 1,
MSCs %, ‘Hhf. Wiy, Mk X OWEIMAR7 S e g DB s T s 10
118 MSCs XA lh~ 7 A O EBER SRR 5 [FIE S 10, A R 0w i B A
oMK E LTRSS, L L, Bk z o8ty 2123, FhEiz
"D B R R 2T R TR 6T BEOAENKRE N ENRAD—
DELTETFLNTE R0,
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[RSE N N SR = i S P o) N A =D Bk ey e SR R 1) [OF N A SR SE 7 Sy EE P
FrAHAE (dental stem cells; DSCs) D4y B3 #fia S 4u7=, DSCs 1, fEi~ O EIREE~D
JGH S EREWE T L CREF ST D PO RN BN A Sz o DSCs
X, ER R OWBEENICAEAET 2t iR b BB S v 7o i BEE A (dental pulp
stem cells; DPSCs) T 7= 2, LIk DSCs (%, bt Mk ILif o s Bifik, HiRAE
R 10T 8 2 8t AR S o FLEEAR RO o /N SEREAR (DF) . BAR 2N TER L 7 o oD Bl
R (PDL) 72 bbb e SN TEY . TR ENF khepHiid (stem cells
from exfoliated deciduous teeth; SHEDs) 2. HiFLEAE#AIAA (stem cells from the apical
papilla; SCAP) 29 i/ &l (dental follicle precursor cells; DFPCs) 2. AR e
il (periodontal ligament stem cells; PDLSCs) %0 & FEZH TV %, Z4L 5 d DSCs 13F
BERRAIE & L L TASICAFTE | IhEW 2 B T 2 72 ofiaftisii & L TH
5 ECREL DAL, ToFREREIHETHS 7B,

EFEo e b DSCs & RIS T2 LTI, MRRRFED K0 3 2 i s 4, 22
LENTWD, ZOMICBLT, Tamaki 5 Nx, b MMkEWw &2 OS5
e 2 L7 A RO O SR, 72 b 6| i dtiriife (DPSCs) | thiAR el i (PDLSCs) |
i/ FERpflfi (DFSCs) . s FLEEER M (APSCs) (ZIZ ., ZHE CHAERTEL D
Wfr a2 TE o RiEHg (BMSCs) & &7z 5 D MSCs O 21T~ 72, In
vitro (235 1T D IRETORE R, tREwR RO 4 FER ORI, BB & [FRRE 0§
TEARA - RERHARG - APRAA A~ D EREA R L, BBl R O X 0 & 1EF 72 1Y Ji
BEALTWEZ L 2@ELEY,

Z DX D 7k EwE R ROMILIL in vivo TE AV NERHR AR T D Z LS
NTND D, oo Ot/ MENIRZ A L7 KTt BRI, &2 NEICKR
P~ — B —T& % cementum attachment protein (CAP) Bt D& A o NEARILE
R LEZ?, LaL, b FalBEHWESAIC, EO X ke Mkl Bkias
AL MEEHICR bEDINE, WEERHTH S, S 61T, W OJE UM A vz
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MR BEE IR, BRI K0 e 2 B3 5 J7iE  (enzymatic digestion ; EZ %)
& ERIHL A B R % i (outgrowth ; OG 15) MRS AV BTG 23032
OG &1L MSC DffigHEMEZFIH L, Mikh 2O E L TETMla 152 HIETH
L DZxE L, EZ #1% collagenase type | & dispase (2 & 0 fLf% & AfR L. B —HIlRzlE
WERDHETHD D, LB 5OMIYBEEN ., FAERCA A 22 e Min o5y #EC
LTW2LDMHAHTH D,

Z ZTANIE TR, B A Y MEERICER bAM L 725 b M HRES R & A5y
HHEZWHOCT D2 L2 HIE LT, SRRk E LT DF & PDL, 77 & LCEZ
i£L OG iz VT i % 44000 DSCs Z 73HfE L. invitro & invivo X5 7 B fRAT L
7o
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1. AlfekEz
ABFFEIT. AARRE RFAEMEETmEEZRESORKROS & FEiSh i

(NDU-T2013-10), #FZED HRIEBRE ZHME, > 7+ —L Fa v bO/FLA
TR 72 15~29 5% DB L 0 R LB X 0 Sl Sl & BRIV,
B OB NGE, DF 135e REURIRAR TRt Ot e E PR &~ A 7 n 3 X (K
HEWERT, BOX, AA) Z AW CTERE L, PDL 3R FEAE 0O s F1 ok 1/3 555 75> B
EH VY (7= =T, KRk, BAR) ZHWTERIL7Z, S8 L 72 /HfkiT,
WE Y VIZE VK2 mmx2 mm OKRE SITHIEI L7-, DF & O'PDL fifiaix, 2>
DEBRDITE, TbH EZEB LT 0G IEIZ L - THREEL 7=,

EZ {13 Gronthos & 20 J7¥EICHE U THT - 72, flIERICEE T & L MIY0 L 7-#4% 2 Hanks
R (BKEIEK R, BAR) FI¥fR L7= 3 mg/ml collagenase type | (Merck KGaA,
Darmstadt, Germany) & 4 mg/ml dispase (FiSEifidk T2, KBk, HA) DORAREMK (pH
7.4) 10ml HiCB L, ITCHEEM T T 1R A o F a— Mg, RBREIXY— (7
NEIFH— ZAT v 7 BE, BAR) THERHEEFELLZ, £0%,. 70um Ot/
A kLA F— (Merck KGaA) (2 & v #llfa 2 HiEE L, 1x10° fH Ofd 2 100 mm K528 1L

(Becton Dickinson, Franklin Lakes, NJ, USA) (Z#&fE L. £5% L7=, H5&#% (growth
medium; GM) (Z1%.15% fetal bovine serum (FBS; Lot No: 12483, Thermo Fisher Scientific,
Waltham, MA, USA) . 100 uM glutamate (GlutaMAX I; Thermo Fisher Scientific) . 0.1%
MEM Non-Essential Amino Acids (MEM-NEAA; Thermo Fisher Scientific), 50 U/ml
penicillin, 50 pg/ml streptomycin (Thermo Fisher Scientific) . 0.25 mg/ml Fungizone (Thermo
Fisher Scientific) % %1 L 7= Dulbecco’s modified Eagle’s medium/Ham’s nutrient mixture
F12 (DMEM/F12) £%#h (Thermo Fisher Scientific) % 7=, & 5417 DF #fild & PDL
Hifie 2 % 714 DF-EZ B, PDL-EZ Bf & L7z,

OG 7£13 Bakopoulou & 270 J77EI2# U, #iE) L 7= 4%\ & 60 mm 532% [I1 (Becton
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Dickinson) (ZF#{&E L. L&D GM # UM L THER 21T o7, 24 WEEtE . #AM/N A
BEERMALRBEL72WESEELZRASL 2 ml O GM ZiNL7, £k 1 HEELIN
(ZDF & PDL X W AMELT-fHEMIla % 45~ DF-OG #f & PDL-OG #f & L7z,

FERIL TR T 37°C, 4.7% CO i T TITV) . GM X 3~4 HI & TH LWEFHL & A2
il 7o, T0~80%FfEfE = 7= MIE L=, 0.25% trypsin (Becton Dickinson)
10.02% ethylenediaminetetraacetic acid (EDTA ; [ Ab#AFZEAT. REAR, HA) (BLF
trypsin/EDTA) & AW THIfZ FIEEL . 1: 3 OFES THESE 21TV, W3 7=
134 ORI AEERICAE L7z, LTOFERTIE, < b 3 AL LR D EEHEK
DMl 2 VN T,

2. A FEAERE A

HERL G FERE DIRES 24T 5 728, F-MifaiE (DF-EZ B, DF-OG #%., PDL-EZ #%. PDL-OG
#) % 24 well 7L — I (Becton Dickinson) (= 3x10° ffl/well T >#%fE L. GM $1C 12
HIRTRE R 21T o 7o, BT 2 AR & I2ACH LT, 48 §fEIf:IT trypsin/EDTA % VT
Mz B2 7 L — MO RIBEL . ARECZ fBRG R TR L 72,

3. 7r—HA AR —

k{1 %k 3 @ DF-EZ #%, DF-OG ¥, PDL-EZ #¥, PDL-OG RED & fifladfit % trypsin/EDTA
ZHWTERMGEIL L, 430xg, 55D LR, 4% /X7 RV AT VT e R

(PFA) T 15 pMEE L7z, Sfbie MRz L TEE T 1R’ A o F 2X— |
L7z, iFEoHE 939 5t —WkfifkiZ, fluorescein isothiocyanate (FITC) 7k
~ 7 AH kb k CD14, CD90 #ifAk, phycoerythrin (PE) f&i#k~ 7 2Hit » CD29, CD31,
CD105, CD106, CD140b, CD146 fitf& (LL_E Becton Dickinson), FITC £k~ v A ft
bk CD34, CD44 Hifk, PE #5~ 7 AHit b CD166 Hiik (VLI Beckman Coulter, Brea,

CA, USA) .FITCHF ik~ 7 AHLt I Stro-1 {4 (Santa Cruz Biotechnology, Santa Cruz, CA,
4



USA). 7HFHE ; NG2 chondroitin sulfate proteoglycan (NG2) Hifk (Merck KGaA)
ZfEA U=, 5T NG2 iR o Yea 1213, & 512 Alexa Fluor 488 =51 7 ¥ % 19G (H+L)
Hu& (Thermo Fisher Scientific) 2 — kP L L THRIMNL 30 73 A > F 22— K L7z,
— PR % {5 3" phosphate buffer saline (PBS ; #4734 A, ., BHAR) OH
EAVFarR—FLEEbDE Iy br—)L s Lz bk L KOG &S 7244 PBS Tk
% L. Guava™ flow cytometer & Guava TM Express Plus (version 5.3) software (Merck
KGaA) ZfiiH L CTHEHURITHT 2/ RImTUR D~ — I — i 21T > 7o, BHURIC
DUVNTMNE L7255 A 3[R0 IR LT T,

4. Ei=TFREBUFT

1) Reverse transcription (RT) - Polymerase chain reaction (PCR)

a7y NETEE LA MEEE2 S RNeasy Mini kit (Qiagen, Hilden,
Germany) % fff L C total RNA Z 4l L7=, 1 pg (ZFH% L 7= total RNA % W\ T,
High Capacity cDNA synthesis kit (Thermo Fisher Scientific) (ZJ Y cDNA # & 5% L.
PCR Supermix Platinum kit (Thermo Fisher Scientific) % F\ T 20 pl & &SR % 7 1
L7z, PCR i3 Veriti™ 96-well Thermal Cycler (Thermo Fisher Scientific) % f >,
94°CT 2 MG SE72%, 94°C 30 %, 55°C 30%, 72°C 132 117t L
T, 3B A7 0i7ok, FHLET 74~ —% Table 1 1277,
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) ZWN{EfE=> hmr—/ & LTH
V72, PCR BUGEMIRIZ 0.5 ug/ml = F T A7 v~ A RN 1.8%T e —RA 7L

(CTEKVKENR, SRR T TRIZ LT,

2) Real-time PCR
A7k L 7= cDNA D& [kf% . TagMan one-step RT-PCR master mix reagents kit (Thermo

Fisher Scientific) Zf#f L. TagMan 7’7 — =7 % F\ 7= AACt ¥%(Z & % real-time PCR
8



T CAP {1, cementum-derived protein 1 (CEMP1) i&{x 1 D38 & & BAffhT L7,
PCR )i 95°C T 10 srfajfs ¥ 71%, 95°C 15, 60°C 147, 95°C 15 % 1
YA 7 NE LT, 40 A 7 AT o T, G677 — &3 B-actin Ein T OFEL L H
WCHEYEL L=, i L7z TagMan 71— 7 Z LI FIZR”$ : CAP (assay ID:
Hs00171965_m1, gene bank number: NM_014241.3, amplicon length: 74) . CEMP1 (assay
ID: Hs04185363_s1, gene bank number: NM_001048212.3, amplicon length: 72) . B-actin

(assay ID: Hs99999903_m1, gene bank number: NM_001101.3, amplicon length: 171 ;
LL L Thermo Fisher Scientific), #iHi(Zi% StepOnePlus™ Real-Time PCR System

(Thermo Fisher Scientific) Z 4/ L7z, #&-MIlafE & & 4 well O R 2 WV Thtatig
PratT o7, 2%, BTOEBRITIW TR 2 MER L. FERE A 22 {8 PEY 7
RN LR LT,

E 2Rl A= =i
1) ‘FIEMAE ' A 2 N EERRO LR E

Tamaki 5 PO HFIEICHE, SHIAREEZ, 6 well 7 L— M 1x10° fHiwell & 72 %
LOREL, GM P TIE LT, a7y MIELEE, B3I, A v R
MR LB SRR & LT 10% FBS, 10 nM dexamethasone (Merck KGaA) . 10
mM B-glycerophosphate (Merck KGaA), 100 uM L-ascorbate-2-phosphate (Fit:ffizE
T.3) &L 7= a-modified minimal essential medium (a-MEM ; Fiytiik T.3¢) %
MW, v br—A e LT 10% FBS & o-MEM E5iiA vy, [RIRRICHE 2% L
Too BEHIASHAIT 3~4 HIB ZITATV, P BRI AcHute . 3 T MBS 28 A fikfoe L 72,
IEEERRLAE) D 3 %, AIKALEEI O & O E R 21T 5 72, Alizarin
Red S YetaZ 17572, £T4% well 2 HEFHAFRE | PBS I T 1 [FIPEH L7212, 10%
HPERR AR L~ U v (FOEHSE T35) & v Gl 2 10 23 & E L7z, 1% Alizarin
Red S (Merck KGaA) &V =1 T 30 srfffietate, WL, Vaidi%. Miyazaki
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5 SODIFEIHEN FERL S LTz A RALAE T O B A AT o 72, well N K & R 7z
. 0.5 mliwell 5% Fhr (BIH(LY. Hat, BA) ZiRML, 7L — & 1047
M5 LT, Alizarin Red S D a3z 28 H L 7o, ¥ HIHR 100 pl ZH17E H 96 well 7' L
— I (Greiner Bio-One, Frickenhausen, Germany) (2% L. Corona Grating Microplate
Reader SH-9000 Lab (H3inA 77 /v —X B, AA) Z AT 400 nm D%
FEAPE LTz, £z, BFEME ' A 2 FIFMASLEE% O CAP BisT &
CEMP1 /s DI B Hik L 7= TagMan 7 & — 7 % T Real-time PCRIC CE &

fiEtT Uiz,

2) NEWikERa > bk s

Tamaki & PO FEICHE, FHIEEE . 6 well 7' L— RMC 1x10° fEliwell & 72 %
FOREL, GMIZ R VIR AITolc, a7y MIZELE, BB E
Bk & LT 10% FBS. 0.5 mM 3-isobutyl-I-methylxanthine (Merck KGaA). 0.5 uM
hydrocortisone (i3 %), 60 uM indomethacin (Merck KGaA) Z¥RiNL 7=
a-MEM Eqitiz fiv 7z, =2 hr—/UiiE L LT 10% FBS &4 o-MEM Eiihz vy,
[FIRRICES 28 LT, BEHIASHAIT 3~4 BB S ITiTV, FEBERICUVEZ Trb 3
WA 2 ke U7z, s EFBERLA 5 3%, MIRN ORI/ INE OERE & 2 0
ERAHI 21T 5 729, Oil Red O ez 1T o7z, £7T4% well 22 HiEHIZFRE . PBS
2T 2 [E¥ES LT, 10% PR AL~ U v &2 VTSR T 5 SREE LT,
TR ARRE . B L 10% P EEE AL~ U 2RI L, & 512 10 4 REEE L=,
B EHKZFRE . 60% isopropanol (FIYEHISETZE) T 1 [RIVESH L7-%. & well Z5¢
BT ST, W%, 0.2% Oil Red O (FIDEHIEE T3E) (2 & v =R T 15 4y [H] g
ATV, PRz brE . FBRK T well 2 4 [BIYE% LT, TR S L= BEHG /N

B2179 729, JEE#. 750 pliwell @ 100% isopropanol (FIYGHIER T %) AR

S
-

=
=

. IR T 10 4 MFE LT, Oil Red O MAFEZIRH Lz, K 100 pl % HlE
10



H 96well 71— ~ZF L. Corona Grating Microplate Reader SH-9000 Lab % f\ T

520 nm DR 2 HIE LTz,

3) WE ML

ORI ~D 43 L L, Johnstone & VD SFIEICHE > T L v MEEEER AV
TATo 7, M IXI0E DSMIffFZ, TN ZhE 15 ml ORY) Tre'LrFa—7

(Becton Dickinson) H1(Zf L. 430xg, iR T5Mmit L, MfR~<1 v k&1
L7z, BB MbAEREI L L. 1% FBS, 10 ng/ml transforming growth factor-p1

(TGF-B1: Peprotech, Oak Park, CA, USA). 1% insulin-transferrin-selenium (ITS) +1
supplement (Merck KGaA). 50 mM ascorbate-phosphate (Merck KGaA) # ¥ L 7=
DMEM/F12 $5#iA 15 ml AR Y e 'L F o —7 02 1 ml gz, BEZT
ol FEEKIT3~4 BB ST L, Figid 4 BHikee L7z, 4 HHITR. 4% PFA
ZHWTHENL Yy REEEL, NT 7 ¢ el L7 S um O R 2 /ERLL 72,
B I ~D b & HERB 3 5 72, 1% alcian blue solution (Merck KGaA), 0.1%
safranin-O (Waldeck GmbH & Co. KG, Minster, Germany) % H\\7=¥ta b, o4 %
Pt type 11 collagen ik (Santa Cruz, ABUE=R 1:50) % MW\ 7o sl b I ge

AT o7z,

6. AHIC K D AR B RE AT
I RERIT, BRI A G o E B BRI > TREE L B ERE R

SDEKBBIT- 1= KIBE S @ 14-09),

1) EBRREhw
6 Wl DOMEME C.B-17/Icr-scid ~ 7 A (HAZ L7, WL, HAK) #25C (DF-EZ
#f. DF-OG #f. PDL-EZ #f. PDL-OG #f. ==> b —/LEE4 58) & 7=,
11



2) BTk

Huang & Y0 FEICHE D . AMIBEE 1.0x10° % 40 mg DA R 7 /84 4
~kif (HA; Calcitite, Zimmer Dental, Warsaw, IN, USA). CiEE& L. TDORAW%
430xg T5 it L Ly FE2ER LT, ZOMi~<L >y b /HARAGWIZ, &
blizag—=rrrn GREZF . Rik. BAR) ZiRINL7cb Dz, <7 ADH
M FIcBhE Ui, £z, MilaEZRWEHA 27 =70 FLOHhOREMZ, =
Y hr— L REE LT LT,

3) kTR - SRR b RO R A

i 16 MBI~ v AZ2ER L, Bhih 2 Uiz, il L72#0BHE Tominaga
5 D SHEITHE, 4% PFA I TIEER, BUK L, /8T 7 ¢ 32470 JEE 5um
DR ZER LT, BT 70 LIt Z~~ bX v ) g VU REL Y
Masson’s trichrome ¥uft 21757z, SEMEMILFAIREIZIE, —RPULkE LT, =
7 AHLE b vimentin €/ 7 v —F LA (v6630; Merck KGaA , i FR {5 2 1:10000)
Y XFHt b osteopontin (OPN) A8 U 7 m—F/Lifk (ab8448 ; Abcam, Cambridge,
UK, #BRAF3%E 1:1000), ~ 7 AHik b osteocalcin (OCN) €/ 7 v —F /LHiik

(ab13418 ; Abcam, A RAF=R 1:500) . © ¥ FHL protein-tyrosine phosphatase-like
member A (PTPLA; CAP) RV 7 m—F Lfik (LS-C162297 ; LifeSpan Biosciences,
Seattle, WA, USA. AR5 1:100) . ~ 7 AHLt b dentin sialoprotein (DSP) &/ 7
= —JLHfA (sc-73632 ; Santa Cruz, #7FRAFR 1:100) % fHV /=, Peroxidase-Blocking
Solution Dako REAL™ (Dako, Glostrup, Denmark) (= & 5 NEMH~L A F T X —F D
TIFALO#%. —WRFURIZIE U T 0.1% trypsin/PBS (37°C. 30 43)) ALERC X 2 B
DIRTEL 21T o 72, FERFRAOPUAFS & D7 1 » % 713 Blocking One Histo (77

TAT A7 . AA) Z=IET 10 pRHEMA STz, Ak o5 Rz 4C
12



T—WapOt S W72, RBLIRIZ I Dako EnvisionTM + Dual Link System-HRP % F >,
=2 T 30 7 FIEA & 87-. 3,3’ -diaminobenzidine using ImMmPACTTM DAB Peroxidase
substrate kit (Vector Laboratories, Burlingame, CA) (2 X 2% %, ~~ k% U T
K GEEAT o Te, —IREUEZHWT IR CFIEA T bDE 2 hr— b L
7=,

7. MUEHLER
T IBLE S BT E 721 Wilcoxon DIAMZFIFREIZ £ 0 FEFHENT 21TV, S E
(2% Bonferroni V% -, p<0.05 A E/AKAEL L7z, Y7 7 =7 1% SPSS version

20.0 (SPSS, Chicago, IL, USA) % v 7,
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# R

1. HEATEZRE & AR S SRR

WM EE B hA 1~2 HA[#t%. DF-EZ #f & PDL-EZ B 7 CHEE MERIAREE O TR A3
o bivle (Fig. 1A), —J7, EEMICHHE L7- DF 3 L O PDL A% i, 2~4 A%
F TR O X 0 Mo ED B LT (Fig. 1B), AIIEREIX. 4 D OMIfaEE
& BRI ORI D FEREZ s L= (Fig. 1A, B),

FIFRIEFEAEICBE U C ., B5 3 BAA% 2 B H XV PDL BEICHEER L DF BER A BEICE o
7= (p<0.05), 12 HROEFEYM %8 L CTEZ#EL OG HEMICITA R R ZITRO LI

727no 72 (Fig. 1C).,

2. AU EHUR OF

MIRERPURORBEZ 70—V F A U —IC X 0N L1z, 4 SOMBEREO$~
TIZHBWT, MERMEMRO~—5—ThH% CD29 (> 86.9%)., CD44 (> 90.9%) .
F LUV CDI0 (>86.1%) DWW FEELZRD T, Stro-1 DR, T X TOMIHEET 5%
RT%FRD Hivlz, CD14 (HER~—7H—), CD31 (NEZMifll~——) 3L CD34 (i&
Mg~ —5—) OFIBUL, 4T XTUITBOWTERWMEZ R LTZ (<27%), 21 b
D~—H—DFHIT 4 SOMIEEOM THEZEITR D bih>7- (p > 0.05) (Fig.
2A)

AR & b ICHEER M E ML~ — 7 —T& % CD105,CD106, CD146 }2 () CD166
WZHtEZ R LT, 2D OBUT EZBECTOGREL 0 & @&V MBI 232 B 4L, FF1Z CD105,
CD146, & LU CD166 d 3 DDIEHLIX, AREIZEmMN -7z (p <0.05), Pericyte v—74

—ToH %5 NG2 & CD140b (3. OG B & ik L TEZHEIZB W THEICE > 72 (Fig. 2B).,

3. RT-PCR T & &&= T3 ELMRHT
GM TE:FE L, a7/ MNZ#E L7~ DF-EZ, DF-OG, PDL-EZ. PDL-OG D%
14



FECRIT D fx D~ —T—53F O8I -84 RT-PCR Tt L7z, # ez (DP)
@ cDNA 13, Tamaki & WOWEIHE > THAR LTz, T OREE, BlEEEE 7T
& % Nanog, Oct3/4, Sox2 & | B #Hifiu BHE B (= Tdb % Runx2, Type | collagen, Osterix
DOFREELN AR TRIFRE I S N, WRIEEE RS T TdH 5 GDFS DRI T4
MR CRIFREEIZ A AL, Scleraxis MFEHLIL PDL-EZ BED R & 5 < . Tenascin-N
DOFBLT DF #f & bl LC PDL £ CEilro 72 (Fig. 3A), F72 cDNA % 50 {54 R L
TAT o 7o iE & PCR OFER TlX, 2&#0fuff DF-EZ, DF-OG, PDL-EZ, PDL-OG (235
WT, AV NEBEEG T CTHDH CAP & CEMPL ORIBINEH Lz, —JF., DP
TiX, DF B PDL BE & bl LT, FENE L <IKho72 (Fig. 3B),

4. invitro \Z81F 5% 01kiE
1) B A2 IR~ D LEE
B, & A 2 b I~ O EFFER A O 3 W%, T TOMIREC
VT, Alizarin Red Bt DA IRALFEEI OFERLSTRD B v/ (Fig. 4A-D), —F, =2
F e — VBB W TR, BEBIERD b7 (Fig. 4A-D A EfFAK), &
BRI ORE RS, PDL B & bl L C DF BEC, AR OIERENF RIS -
7= (Fig. 4E), Fi=. WMl & A > FMEEMI~OMEFER, & A v NERE
E{nfTdh D CAP, CEMP1 OFHIZ PDL-OG B2 ik b =22~ 7- (Fig. 4F, G), Y

77 LAY, B DP A LTz,

2) JENARE~D 5L EE

NEWAIE ~D LB SRR & 3%, T~ TOMIEEEIZF VT, Oil Red O
B DML DRER /N DT G8 D Hiviz (Fig. 4H-K), —F, = b — L
2BV, BEBRITEEO b h o7z (Fig. 4H-K, £ EHFAKD) . & &7l O

B, OGHEL R L C EZ#ET, IRII/INE O &N A BEIZ%E 0> 7= (Fig. 4L),
15



3) HEH ML~ LRE

WO MG ERE T O Ly MEERBAAA D 4 R, T X TOMEEC BT,
alcian blue &2 safranin O Yefa CYL M 2~ 98B HR O FLE LA 78 0 B 17z (Fig.
AM-T), F7IoREMARRAE PRI ORER, 25 OFEEILHL type 1 collagen HLRIZ
Btz < L7z (Fig. 4U-X), SABRAFERH]C. TEAL S Mol Rk O K & S 0TERE
DI S INRZETIRO b h o T,

In vivo C O Rl AR AR BE
1)  HERRTROET A

MlREzEET a7 =7 7N HA OREOHREZBE L2 b e — VBTl
HA (3R A R Th 5~ 7 ZAOHMIf & BRAEMERRICE D PEE Tz (Fig. 5A), 2
D ORRMEMERAFRIE Masson’s trichrome JetalZHE S PeEHZ LD, a7 —F U
ML B 2 vz (Fig. 5F), HA BEPRIZIX, EPEREEN A LTS OO, ARG
% (hard tissue-like tissue; HTLT) DJEITA HiL7eh - 7= (Fig. 5A, F),

—J5. MlRABE L7 4 FOBMER 3~ T T, HA QI HTLT &z &
F 72U BB LR S FLE A BE A IR IC B vz (Fig. 5B-E), 24U H OFAkIE
T4 D Masson’s trichrome JefAlZFHF S YE V| a7 —F UHHEICEATND EF %
Hivfz (Fig. 5G-J), DF-OG FEDORAEIZ L 0 B S D /kEIX, thofia o
A& BN o7 (Fig. 5C, H), DF-EZ #. DF-OG #£, PDL-EZ D
HTLT 1. K& 23 #EM a4 T db - 72D lzxt LT (Fig. 5B-D, G-1) , PDL-OG ## Ti%
HTLT NI AR 2 Bt (Fig. 5E, J), 4 DOMIRBMEAED 3T T, HTLT
DONEIZIAE DR AITRD G2 o7 b DD (Fig. 5G-1) . MR A & F 72O
MEVERBAR (< XM g e s @lgs S 7 (Fig. 5J).
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2)  SIEHARRAL R R

Mz EETar—r U7V HA OBREOZREBE L2 bo—/LEETIX
WTNOPUR E SR SIZ 720 > 7= (Fig. 6A, F, K, P),

fik b vimentin HURIZ%f L, DF-EZ # & DF-OG BEOBAE T CTlk, HTLT IZpitk
OGS A BT 2 0 J8 PR OREMEMERAREIZ 2B D P ERI 23 2 5 v 7z (Fig. 6B, C).
PDL-EZ £ & PDL-OG FEDOBAE T TiZ. Hi ke ~ vimentin HTiARE i 25 S AL A%

(22 H A BT 51X DF-EZ # & DF-OG #HEOBAEF & R U Th o 7223, HTLT 24
AT 2RI bBlgE Sz (Fig. 6D, E), PDL-EZ B¥ CIIBMEMIaES1RIC 7 Z
AH =% L TW=DlZxt L (Fig. 6D) . PDL-OG & Tld—>— 2D MM N
HMIZTFE L= (Fig. 6E), Figure5 CTHor L7z X 912, DF-OG BEOBAEIZ LV E
AR S A D FARR I T 72 <L BRIC HTLT OB AEIIMOMOBR A £ 0 L850
(2 7eino 7= (Fig. 6C, H, M, R),

RIZHL OPN HUA & DIURIE, WTFNOBIEA 1B W TS HTLT & 2O
RRAEVERLRR DML & B2 < 2Bt (Fig. 6G-J), PDL-OG BEDOA# T Ic 31}
% HTLT NOHAHIEIL, Ht OPN ki & s L7z (Fig. 61), HTLT (28T 56
PO L, PDL-EZ #f (Fig. 61) OME 23t 98 < . DF-EZ & (Fig. 6G) & DF-OG
#t (Fig. 6H) 23[AFEE. PDL-OG &% (Fig. 6J) DNE T L7z,

PRIZHL OCN Hifk & O i %, DF-EZ #f,PDL-EZ #£,PDL-OG #ED A )i > HTLT
&= DR ORHEME LR O & FRE b3 hicA BTz (Fig. 6L, N, O),
PDL-OG REDOBAE A F 1T D EEALAR PN O AHINIL, §T OCN FURIZ & S L=

(Fig. 60), —J5. DF-OG #EOBAME A 2B T DGIERISIE, 12 A EHR LI
7= (Fig. 6M),

R4 IZH CAP HLik & O Jisix, DF-EZ #f, PDL-EZ #£, PDL-OG #tDO Al D
HTLT & % o J& P O O ML & BB IcBiZ sz (Fig. 6Q,S, T).

PDL-OG BB A 1231T % HTLT WO AMAAIL. BT CAP FUEIZ L M TH -
17



7= (Fig. 6T)., DF-OG #DOBAE A IZE1T 5L CAP HLik & OJSIE, HTLT TidAi b
LT, JE BHORRHERHER F ORI D —E Iz A BTz (Fig. 6R), HTLT (23T 515
PO IE, DF-EZ #% & PDL-EZ #£ & OBMEA S b 78 < (Fig. 6Q, S). PDL-OG
# (Fig. 6T) 1ZZEN LV TN T,

F7o. RSN IX 4 BEE L P DSP HUiR & IS T. G E AR O /R
TiEhnweEB2zonl (T—FIIrE7),

B, —REEHCFIZFE CFEZITo7c 2 ha—/WiZB W T, IR
IS A B2 o Tz (T — 23R ET),
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I

AREFFETIE, ' A2 NER X OEIREAORIU T 7o AR O % H g
L.t FDSCs Th ot i/ it & OMHRIESMILIZER L7z, £ L C.MSCs
OFpEA | invitro & invivo (23 TSR FR T LTz,

AR AEAE R O . DF FEIE PDL B & L L CRaV s A R L, SR B o
P —FH LTz, ZHUE, /NN ORARPITER S o RS HIKCH 5
TolZ, ZOHKMETH S DF-EZ B, DF-0G BEIZIZ, K 0 R bsiifus £ < 17
LTl EBZ b5, —H T, BEEDBEWIZ L D HIRLEFERE 213 A B R 2058
BT, Tanaka & O3 L7, BESEIETBE L 72 PDL AR5 2Y outgrowth i
THrHE L7z PDL IS EE ORI AERE 27§ & WD O AR & 1T 2R o Tz, K
WF5% C DF-EZ £, PDL-EZ HED /B L 732 1% collagenase (3 mg/ml) /dispase

(4mg/ml) T&H V. Tanaka & DD H s T 417~ trypsin-EDTA & 13872 5L T
bol=Z b, MO HEERC N E U TR B 5, Jeon™ 5%, AWFGEL [FI L
< collagenase (3 mg/ml) /dispase (4 mg/ml) % FVC/0Bf L7- SHED (e-SHED) &,
outgrowth 751 X W 43HfE L 7= SHED (0-SHED) Z bt L. AIMIESSEIC U Tilj & 1B
BIRAETEO bR lo L HE LTV D,

Flovvu—HA FA M) =2 oMK EmHUREENT TiT, £fFIC. MSCs ~—7
—T& % CD106, CD146, CD166, CD29, CD105, CD44, CD90 I X O* Stro-1 O3 HL

RO B, WEOWE L —FH LT B, ZofERIE, MSCs DFHEE AT M
FABFIET 22 L 2R-B LT 5, —5 T, CD14 (HEk~—7F—), CD31 (MR
~—Hh—) BLV CD34 (Eimsfla~—h—) 1ZRETH Y | Forx 23 HEE L 72 H
NI DTS MERHIEOIRAR 2 o2 2 E 2 b5, £72 lwasaki 5 PiT,
B2 27512 L 0 4y BERS 38 L7 PDLSCs I pericyte ~—h—& L CaIbN5 CD146,
CD140b, NG2 Z%BL L, ~ kU 7/ ECORHEFARNE ML (HUVEC) & OfihssE
(BT, HUVEC 232k L 72 i8R AE & (2 PDLSCs 238 9™ S @@l s iz 2
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& 726, PDLSCs (X pericyte SROMEE 2 H T 2 WREM SR I N2 L HE L T\ D,
Z 2 CARMEIZEB W T, pericyte ~— 41— T& 5 CD146, CD140b, NG2 D IEH % i
Br Uiz, £ OfER BREGERRIC B D & 77, BER1E T b voiiait (DF-EZ, PDL-EZ)
TiX. MENEEEES 1 CThHDH CD106, CD166, CD29, CD105 & pericyte ~— 47—
&% CD146, CD140b, NG2 OFBNFE->To, T OFEFRIT, b MR O EERIE
(2 & Y 43 HBfERz3% U 7= PDLSCs 1% MSC ~— 41— & pericyte ~— 1 — Dl F I TH
ST EV 9 lwasaki B Do L~ 5, LA o TRBFFEORE F13. outgrowth %
TOrBE UM & el U, BESRIE CBE L 7= o Hi2id £ < @ pericyte £EDOMEE &
Fio 2N FAE L T2 2 & Z2Rd,

S EFEERATDO RT-PCR (2 X 0 | Ml CF AR EER 7 Tdh 5 Runx2, Type |
collagen, Osterix, HHiRERSHE (5 1- T D Scleraxis, GDF5, Tenascin-N, Periostin,
T AL NEBEER T CHDH CAP, CEMPL ORENRD Lz, D OEE T3
Bl —0 D6 AFFEOMMIL, WIS RS d R Bl D Rtk 2 A L
TWOHMIER TH D Z LRI, £/, WRKEEERTO 1 2THD
Tenascin-N D51, DF AL LL#i L C PDL B CHEICE - T, T OFERIL,
Tenascin-N DIFEHR T/ NFED B BRIE~D LB IS THIAN$ % &5 Nishida 5 Yoo
WL —#T 5, BAL NVEEHIELR T ThDH CAP, CEMPL ORBLX, ABFFETH
VN A FEFROMINERE & Hele LT, DP TH L (&Ko 7z, CEMP1 D3HlL, DF B &
bl L C PDL BECTEVMEMA A A DAL, CAP I, & A FEFMIBICHEIL L T\ 5 65
kDa DX L /87 B TH Y, Ay NEBKICE T 258 RB SN TS %, CEMPL
I%. cementum protein-23 (CP-23) & HIEIAL. & A > MIFHIIE, — O iR EHIAE,
B AR R D L S DN P B MIARICHR S FEBLL T D Z &3 lir ST g ), %
TRl DEWmE TiZ, CEMPL (3 A > MRl EMaD~—I—TH 57210 TR,
BRI O A o M~ OSMEZHIET 5 L SbhTnd ¥, 2oz &b,
A5 THV N2 PDL-EZ B, PDL-OG BfDOffad—EIZIL, & A > MMFfil~= I v
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FLIEMIREDA L SFELTWD EEZX NS, £70, ES MifuS iPS Ml % 5r{bEE
DOHEFFIZBAH- 3 DB 1 & L THIH ATV % Nanog, Oct3/4, Sox2 i, 2T mRNA
DFEHNFRD SN B0, b OFRERNS, WTROMIBREC b X b TR
AR DIFTENRIE IS,

2 LREDRHMICES L Cix, B 3EME, & A > FEEMINE, IERAMIRE, #Rafia~o
FREEFEIZ LY | AR OB RO YA E AR L, B 7 A v S 3
. BENGMIND, SCE I ~DMEREAGED STz, T OfEFIE, Tanaka & 024G L
7=, outgrowth 3£ X 0 4y BfERSEE U 7= PDL M5 25000, IERGHA, #eE Ml ~o
ST TIBIZE A EHBLNRNE NS WG LITRRDFER L oo, RUFFETIX
S DICEEFMIZITV, B EFEICI W T DR 8, NI EEREIc B\ W CIL EZ
BT, EnEnalKAbRsE & BV INEORREN A EICEZ o Tc, 7r—H A A b
J —<° RT-PCR, MAEHIHAE DGR & A TE X D &, DF BEIIRS LM 0
DIZxF L, PDL BEIZ M OEATZMIER TH Y . F 7z, EZ #EIT pericyte BEDOFFH
% F5D MSCs 732 < fA1ET 5 L) — 22 M e T 5 DTt L. OG FflX, ES/iPS
FR B AR T 2 JE B D RO B2 A & | SR IERRAE SRRSO A o b 2EHI O
M RFE~= I v b LTWD KD RATERMAN £ THEET 2 ~7 1 22 ML CHE Rk
STV D AJREPEDN R STz,

BAHIZ X DA RRE ORI Tl =27 —7 7L/ HA OREILITBAE L7
4 TR OMAZ LV . 2FET HA FEPIC HTLT OJERAH SN, —FH T, Milaz s
FRVary hr— L ThLHIKRDL OB TIZ, HA JEFHIC Z D X 5 22 i1 A% 2
BN, HIFARBAEIC X 0 AL S HTLT oJEBHIZIX, Bt b vimentin HiK(1C
BEME RS & RTINS FIE Lz, 2O Z e, HTLT OFRICIE, B L7zHie k
vimentin FURBGHEIEOIFERME TH -T2 E 2 BND, LOLRBL, RA KT
oD~ AOMME S HTLT OTEAICEZER « FERICEE Lo REM?N 6 5,

HTLT (% Masson’s trichrome YA CHEAICRAINTZ I END, a7 —F UL %
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<EbrBEzoNs D, Mz E £ WIHEOLZOBHIC X > TH ., Masson’s
trichrome Yo CHOICY SN D a T — 7 UBHENBIER ST, MBI L 0 Bk
SN HTLT 2 2 =2 7 — 7 UiEE, B2 R LT b D DI LT IRE T
P BANTHLYVARKDOLDOLEENTZAREN NS D,

AW LRI UL S IR EIICe FoE Ay NEHKOMAEZRERE~Y T AD
BRI L 7o S Tl BB RO E IS OIS L 0 R S 7Bk & 135
220 | EEICITBIRAEE & AR ADRNE A > NEERMSES TR St AR
CDF-EZHf. PDL-EZHf, PDL-OGHFIZ LV v~ U AR FICTER S NIZHTLT &, JEEN
JEREEEZRE, MEDRALHELNRD T, FTZHICAPHURIT S L CHERIL %
AR LTz, CAPIEE A > NESCPDLHT O A > b3 & 2 O FBRAIAE I AR R A IS8 5
THZENRESNTNDEY, 2O b, RUEOBIEAFICITE A > NEREE
f# (cementum-like tissue; CLT) MR S4L7c & & X HAv5, OPNiXaVB3 integrinZ I
L. BA Y FEEOMBMARE~OBEEICEHGE LT E E0nbhTns®, 1,
OCNIZE A > N EFIAD S ~D A G T 5 L 52 5T 5", DF-EZ
#E. PDL-EZE¥. PDL-OGREDBAH A HITIERL S U 72CLTIE, HLOPNFUIKRIZEGE T, 59
W2 B HHIOCNFUA L HEJE L7 Z £ 2D BAEIC X VAL S 7-CLTIE, iy
AIRACEDMEWEME CTH D B2 BN D,

Flow Ay MEITAMRE A > NEL S A 2 NEOREIC K Sh 5%,
PDL-OGHE DA A T BIZE ST CLTIX, Mifdmsy 2 R < FE & RE IS 3
AN SN G ORI /M S e, B 2 o NE L BE A 2
Y MNEIGEPI LRk E B DD, ZOAMaE A 2 NEARMEERIE, oo ufE
OB TIZT—BIHRO LN -oTz, ZTOZ &b, PDL-OGREIFMAEL D & A v
NEFERCEED m 2 & BRI ST,

PDL-EZEEOBAE /T H OCLTIZ %, HLt bvimentinfU{REEIE ORI 2580 7=, b

OFfITAN S 2 TERL L. PDL-OGEEDOBAE R TH bz — D> — DN HMITIAET D
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HONHIRESe, B MEKROAME X o NMERNIZA LD IR e A 2 Nl o J/{TE
EITH 72> TV,

—J7. DF-OGREDOBAE T TIXER S ik &N D7 < | PICAPHLIA L DR H1F
ENEBLNT, BEA L NEE L TOREN A+ M0 T S T Al REED 8 5,
invitroDFER %5 2 Gt 5 & PDLEFIIDFRE & bblis LT A > M EEHINE - RiTBEHEA
R~ I FLIEMBEN LA FEL, 2Rt A v NEEBOERIZFH 5 LTz
EFZ2 i, DF-EZEEIIDF-OGHREL ) HMSCsHA L K fFET D72, A UDFIZH KT
HHETH-TEH, L0 OMIEAE A FEEHIa~ME LCLTORKRIZH G Lz
AIREMENZ X BILD,

UL EDFER IV, DF-EZ #, DF-OG #f, PDL-EZ ##, PDL-OG H£iZ\ 41t MSCs
OMWEEA L, 0w A OFAEICAER LY 5 208, FrICERNIZEIT A
NMEOHAIZIE, PDL-OG BHENA N/ AF VY =R EZbID,
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AWFFE TR DAV 4 TR OMBERIL, SRR~ — 0 — 2B T, K
MR BB T A RBL L, 2B e FF o2 LD, WTNOMBEEIZ b MR
BN OTFIEAVRIR SNz, £72. 250 4 FEOMIENIT, §~ TR AE
ZAELTED, BAV MEBEEBLEFOREBELL TWEZ LG, Wb oMk
WOBAEIHEHRNAA A Y V=R B Z b, FIZ, PDL-OG #flLtE A v NEEK

REDNEIN T & DRI S LTz,
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R LEPET HICHT-0 | ERRIZE W CEFRETE X £ LRl e e
PERERR B Rl PE P IE 520 ZHHE AR, 72 5 NS B ARE B} RS2 A i A0 58

A BAEERTRERE PREEERISOI VR L BT ET, £, K r T
HEAMRHNE 2BV £ LA RS i RBRERERL T Rl MR 20y R
BHEZIR, QA AR TR A 2ol AR ANER ., BEREIRAFIRITE el %
PRAFIRIE T BRRBUE B I TEH B L £ 3, RUFRICKT L TE < Ol 712 TH
T BN R T R BR RE K B e L B B IR 0 B O B B O REER, b N A AR
R R A R A - FAEER R OERIE L E L RITE T, . K

AR SR AT e B A Bh 4 GLRATFZE (B) 25293422) F6 & U* 2015
FEECE HFESE N (E) OBIRUIZ X W iThir,
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Figure legends

Fig. 1 Morphological characteristics and proliferation of DF-EZ, DF-OG, PDL-EZ and
PDL-OG cells. (A) Appearance of adherent clonogenic cell cluster formed by EZ-treated
cells after 14 days of culture. (B) Appearance of explants and outgrown cells. The cells
outgrew from the DF or PDL tissue after from 2 to 4 days of culture. The explant of
PDL-EZ is shown as representative sample. Scale bars=100um. (C) Growth curves for
DF-EZ, DF-OG PDL-EZ and PDL-OG cells during 12 days of culture. DF-derived cells
exhibited significantly greater growth than PDL-derived cells, while no significant differences
were observed between EZ-treated cells and OG-treated cells. Data were obtained from
three independent experiments, with all samples run in triplicate. The data are represented

as mean = standard deviation (*P < 0.05).

Fig. 2 Flow cytometric analysis of cell surface antigen expression in DF-EZ, DF-OG,
PDL-EZ and PDL-OG cells. (A) Expression of CD29, CD44, CD90, STRO-1, CD14,
CD31, CD34 in DF and PDL cells. Representative results among three independent
experiments are shown. (B) Y-axis indicates the percentage of positive cells. The
expressions of CD105, CD146 and CD166 differed significantly between the two isolation
methods. The expression levels of pericyte markers, CD140b and NG2, were significantly
higher in EZ-treated cells than in OG-treated cells. The data are represented as mean +

standard deviation (*P < 0.05).

Fig. 3 Gene expression profiles in DF-EZ, DF-OG, PDL-EZ and PDL-OG cells. (A)
Marker genes for pluripotent stem cells (Nanog, Oct3/4 and Sox2) osteogenic cells (Runx2,

Type | collagen and Osterix) and PDL (Scleraxis, GDF5, Tenascin-N, Periostin) were
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examined by RT-PCR before induction of cell differentiation. (B) The results of
semi-quantitative RT-PCR before induction. All four types of cells expressed CAP and
CEMP1 (specific markers for cementum) before induction. The expressions of these

markers were hardly expressed in the cells derived from human dental pulp (DP).

Fig. 4 In vitro multilineage differentiation of DF-EZ, DF-OG, PDL-EZ and PDL-OG
cells. (A-D) Alizarin red staining indicating the deposition of mineralization in DF-EZ (A),
DF-OG (B), PDL-EZ (C) and PDL-OG (D) cells. All cells were cultured in the osteogenic/
cementogenic induction medium for 3 weeks. No mineralized nodule formation was
observed in control culture (A-D inset). Scale bars=100 um. (E) Quantification of Alizarin
Red S staining. Dye accumulation data were obtained from three separate experiments, with
all samples run in triplicate. The data are represented as mean * standard deviation (*P <
0.05). (F, G) Gene expression patterns of CAP (F) and CEMP1 (G) in DF-EZ, DF-OG,
PDL-EZ and PDL-OG cells after 3 weeks of culture in the osteogenic/cementogenic induction
medium. The gene expression level of DP was set as the control (normalized to one). Data
were obtained from three independent experiments, with all samples run in quadruplicate.
Representative results are shown. The data are represented as mean * standard deviation (*P
< 0.05). (H-K) Oil red O-staining indicating lipid clusters in DF-EZ (H), DF-OG (1),
PDL-EZ (J) and PDL-OG (K) cells cultured in the adipogenic induction medium for 3 weeks.
No lipid clusters were observed in in control culture (H-K inset). Scale bars=100 um. (L)
Quantification of Oil Red O staining. Dye accumulation data were obtained from three
separate experiments, with all samples run in triplicate. The data are represented as mean +
standard deviation (*P < 0.05). (M-X) Chondrogenic differentiation. (M-P) Alucian Blue
staining. (Q-T) Safranin O staining. (U-X) Immunohistochemical staining for type Il

collagen. (M, Q and U) DF-EZ cells. (N, R and V) DF-OG cells. (O, S and W)
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PDL-EZ cells. (P, T and X) PDL-OG cells. Scale bars=50 pm.

Fig. 5 Histological observation of transplants of DF-EZ, DF-OG, PDL-EZ and
PDL-OG cells. (A-E) Hematoxylin and eosin staining. (F-J) Masson’s trichrome
staining. Transplants of carrier (HA and collagen gel) solely are shown in A and F.
Transplants of carrier with DF-EZ (B and G), or DF-OG (C and H), or PDL-EZ (D and 1) or
PDL-OG (E and J) cells. Hard tissue-like structures are shown between arrows in B-E and
G-J. Blood vessels are shown as v in A, F and J. Boxed areas in E and J are shown in
higher magnification in each inset, and embedded cells are shown by arrowheads. HA:

hydroxyapatite. Representative sections are shown (n=5). Scale bars=100 pum.

Fig. 6 Immunohistochemical staining of transplants of DF-EZ, DF-OG, PDL-EZ and
PDL-OG cells. Immunohistochemical staining for vimentin (A-E), osteopontin (F-J),
osteocalcin (K-0O), and cementum attachment protein (CAP) (P-T). (A, F, K and P)
Transplants of carrier (HA and collagen gel) solely. Transplants of carrier with DF-EZ (B, G,
L and Q), or DF-OG (C, H, M and R), or PDL-EZ (D, I, N and S) or PDL-OG (E, J, O and
T) cells. Hard tissue-like structures are highlighted by dotted lines in B-E, G-I, L-N and
Q-S, and also between arrows in E, J, O and T. Boxed areas in D, E, O and T are shown in
higher magnification in each inset, and embedded cells are shown by arrowheads. Note that
these embedded cells formed cluster in PDL-EZ transplants (in D) but were seen isolated in
PDL-OG transplants (in E, J, O and T). HA; hydroxyapatite, OPN; osteopontin, OCN;
osteocalcin; CAP; cementum-attachment protein. Representative sections are shown (n=5).

Scale bars=100 pm.
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Table 1 Primer sequences for RT-PCR analysis

Genes Primer sequence (5°—3’) Product size Accession number
(bp)

Nanog Forward ACCTTCCAATGTGGAGCAAC 199 NM._024865.2
Reverse GAATTTGGCTGGAACTGCAT

Sox2 Forward GGGAAATGGGAGGGGTGCAAAAGAGG 151 NM. 003106
Reverse TTGCGTGAGTGTGGATGGGATTGGTG

Oct3/4 Forward GACAGGGGGAGGGGAGGAGCTAGG 144 NM 001173531
Reverse CTTCCCTCCAACCAGTTGCCCCAAAC

Runx2 Forward CCCCACGACAACCGCACCAT 292 NM_ 004348
Reverse GTCCACTCCGGCCCACAAATC

Osterix Forward ATGTCTTGCCCCAAGATGTC 408 NM_ 152860
Reverse GCAGGCAGGTGAACTTCTTC

Type I Forward CCAAATCTGTCTCCCCAGAA 214 NM. 000088

collagen Reverse TCAAAAACGAAGGGGAGATG

Scleraxis Forward CTGGCCTCCAGCTACATCTC 224 NM. 001008271
Reverss CGGTCCTTGCTCAACTTTCT

GDF5 Forward CCCATCAGCATCCTCTTCAT 192 NM._ 000557
Reverss TGTAGATGCTCCTGCCACAG

Tenascin-N  Forward ACAGGTCACTGTCAGCCACA 250 NM_ 022093
Reverss CTCCACCATCTCTTCCTCCA

Periostin Forward CACAACCTGGAGACTGGAC 322 NM_006475.2
Reverse GTGTCTGCTGGATAGAGGAG

CAP Forward TTTTTCTGGTCGCGTGGACT 142 NM_014241.3
Reverse TCACCAGCAACTCCAACAGG

CEMP1 Forward CAGGACAGCACCTGTAAGCA 396 NM_001048212
Reverse GGATGACCAGCGTTCTGTTT

GAPDH Forward GAGTCAACGGATTTGGTCGT 238 NM._ 002046
Reverse TTGATTTGGAGGGATCTCG

Abbreviations: Runx2, gene encoding runt-related protein 2; GDF5, gene encoding growth differentiation factor 5;
CAP, gene encoding cementum attachment protein; CEMP1, gene encoding cementoblastoma-derived protein 1;
GAPDH, gene encoding glyceraldehyde-3-phosphate dehydrogenase.



