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e, W, WEREHEEEE2HEET S L TE DM v 2 B R AR R IR O BT AT &
NTW» 5, W XEERIESEECEEThTE Y, BAERBEORS CEEELAMFE L L TEH S
T3, 4, MERSERET 2 RAEOM I L 0 0 {LoEGPTHIT6NS LoWERSNTNDS
Z TR TIE, BRI A R — A~ U 7- e BEIIE DY, $29 2 HE O X % il U < R BRI (b %
R bRENEET 2 a[EEMEE2# 2, HAMAMEEESE2IEF L LTcoFtc Wi §a 2 L L LT,

MREE TR L e P S & O b BRI, SREEEE S R WIKREHNOEE X D RE Ll
SHEEL, /ot Mg s & Ot FlRBESHIEE, 2h e e FEEEHEE & Ot REIIE S 5
single colony selection i€ & b Hifff L CHW 7z, HEEETFHIEZ, TR RT-PCREZH B L. &
EHIRE - FERAMIIE 3 & O IR E SR Z, alizarin red S Befh, oil red O B3 & N alcian blue Faic & -
THHMI L 72, MlEREPREOREEZ, 7o -4 P XA =9 —2HOTHEL 72, ek 7o VG2 5/t 10
mmXE1I0mmXEmE 3mm ICEE LT HHE AT A A2, EiicHWZ, 5 v + GFP FIH ki
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BiAE e - SRR & b b S REEAIIE IS 81 2 SRR A T O AR T I B U 7R, b b s R AR
JRICBWTHBERERRE2RD 2. b FMEMEEMIEE & Ot b iRESmEE, 2aigz s Ui~ —
H—FEFHL Tz, %72, b MEBEES & OVt b EEREE & AR, b b SRR & s LT e b
Ha AR B 3 IR B (R P O S H A RO 2. TYHEE AT A A LTk » ElEEiHie 2 558 L 76
IR SR TR, ST v v 2 oS L L i L CERICER L TE D, ZoFRH
HiZt FERESAE L AEch o7, MA T, KEEICBML 72T v ~ GFP #II B, T & o
HARIERHARINICE KRB L T b 2 EEd s,

fiiam b R 2 B EE L CRET 2 L RERENER TR LA L, RIREHAEE R S A4
R E L CHERTH 2 RS R S vz,

F—7— K oEiEile, R, MlesEE

B AL - M A

T 812-8582 fERITIHIXEH 3-1-1 S RFREE IR A 2Rk

TEL : 092-642-6523, FAX :092-642-6525, E-mail : wada@dent.kyushu-u.ac.jp
ZA PR30 48 H 24 HY/ZH L 30 4 10 H 29 H

DOI : 10.11471/shikahozon.61.343



344 H & B B #f # % #

#

[

PEARBEAR AR 1 2 2 > b & B O T ANE T A
MG cH D, EELIFT 22T TR, BEZE
R AN OREHIE 2 LI B W T EE A 2 R
ELTwaY #@2ReT2E2ERE LTET R
%, WOMITPHARPERL 727 —RITB VT,
PRI Z X COWEE B X e X v FPEEED K
FRHAR DS X 2 7297, enamel matrix derivative®”
£ basic fibroblast growth factor” 7z £ & w7z {5
D O WA EESHE LI T0S, L LD S
O b 7Ok U 7 AR 2 2D R L T 2 L3
Wt x2RD 2720, ZNE2AMAK L 72 E@REME /4 o
BRERTZHOESfTbnTw s, BECWwZ S
% CTHN I BRI AR R L ST w R o, T,
b AR X % 0 LRE %2 B T 2 il ERI 2 H L <
BY, Zh o EiREEHE e R AR RS B T
bolyHEsnLY, bhbhofEsv—71ck
WTh, b bEREENIIC simian virus40 T-antigen
(SV40T-ag) % human telomerase reverse transcrip-
tase (hTERT) #8IEFEASE S Licky, AT
BT e IR RBE IRk ORI R L 7Y, &
5T, & PSR EHENE & A 4~ 7 A ~ Bl
U7, RS EY 20T 5 C L 2ME L Tw
50 L Luhs, WREEHIEHKE L 7tk o iR
KM OWREAH D SR L B0k 53, T80
Ml EERTE R WT — A% 0,

HaBEREAHAE I, BLvEFLME R e & o A 6
BNREICHEET 2 2 EnTE, oRoMiuiks e
TEZHENTCICHISh TR, 222G ACHE
gz b B, FHME, EMME, WEE s & O
Ml tT s c e TE s LG ShTwa Y,
Sz BRI, AL o BiiE Pk LD &
BEALRGAR AR I BB T 2 /- b, MEREIR & L T2 DAk
26 EE R 2 BRI T 2 X W RIREBTH L L b
5, BfE, HRPHEE O AL S T HAEERSEIC B
THHGHMEE LTFERBEN TV 3,

ek, AL, Al - RSB X AT
D 3EESFAIR E XN T BHW, 5E4E Engler 513,
FIEREME 2K S 22 (0.1~1 kPa) HE ECREL
G IR, B (25~40 kPa) HH LCHE
L& BHEN, 2L czofloms (8~17
kPa) OHE LTHEL GBI L5 5
CLEHEL, MEEREEEAE L Cv il EE D
X 2 A L Cila Lo iz RE T 5 2 LS
Llo® ol b, HEbETEZ EREREO

75 HelE Ho6s

up

PriEd 2 il & g OMICEE T 2 L, mdinsfiia s
MHDOFE O S OE W Z RN L C, wWEEHEo EiR
BRI LA EE &, BRI R 2 FE T
BILENTERDOTREVD ERHAEILT, ZITA
ek, BRE EcofiighiEs e b adiiiid ot
R I S IE T B LT T 2 £ L b
2, v bEHOEEORKMEHE T VEAERL, K
P I FEAE U 7 AR 2378 3 o s ARIEHEAR N 1 245
LhEfT s L L L,

MEE L UAE

1. b hEfEfElE, b MEIREMAE, b MEgEErMLE

70—>, b MERESMRE I O—- > O8E

t b EEfiAiE s & e bR, ke HIE
L CIMRARSEBE N R 222 L 34D EE
(3Q : 21 &k, 3R : 24 /B M, 3T : 20 /&) O%F
SZREAEE X CE/NEWL S, 72, b b EiEEimia
B X OE AR 1 AOBRE (4A 22 L)
2o REESE, BEEEZKEL, i TOW
HEBEIC L HETHEEL 2 Mg, 37°C, 5%
CO,, M 100% %N, 50ug/mI A LT <A
V75250 U/ml 2=+~ (Gibco-BRL, USA) &
B @ alpha-minimum essential medium (a-MEM,
Gibco-BRL) 2 10% 7 » I ViIniE (FBS, Gibco-BRL)
ZWIMU 2R 10% FBS/a-MEM (CM, control
medium) THFE L7:. b FEHHEE X e - R
MHRE LR, A~6 MEREE R L 2 b 02 REBICH W, E T+
PEERE A & & O e - IR, FERROSEET T
Beag L ciiie 7 v — v (k& - HeBEERiHAE 2 v — > 1 DPSC
4A-4, DPSC 4A-7, DPSC 4A-9, t b HaREEHIRE 2
o — > :PDLSC 4A-1, PDLSC 4A-2, PDLSC 4A-4) #
REBRICH W2, $RTOHERIE, JUNKRERFABE S
b E MBS ORROT (KRES 20A-3) T
Tote.

2. £/ Reverse transcription polymerase chain

reaction (RT-PCR) %

Total RNA 1%, TRI Reagent (2 ZE3N4 4) #Hw
TEUN L 7z. Total RNA 12 EXScript RT Reagent kit (%
H 34 F) ORI (5% PrimeScript Buffer, Prime-
Script RT Enzyme Mix 1, Oligo DT Primer 8 & O}
Random 6 mers) Z#iRIIL, 37°C 1547, RW»T85°C 5
RN Ui B 5% 17V, First-strand cDNA % &
Bk L7z, First-strand cDNA IZ SYBR Green II (¥ 7 5
NA ) &R ORINEZ I Z, Thermal Cycler Dice Real
Time System (¥ 5 Z /34 %) & MW TfT L7z, 95°C
< 10 BEnE L 7242, 95°C 5, 60°C 30 oo+ A1 7 v
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T DNA OMIE% 40 %4 2 V1T o 1=, WEEEELE7-C
H % human beta-actin (B-actin) 3> fa—jL kL,
delta-delta C, (AAC,) flilc T HAEE T O S BB T %
fTotz. 794 <=—WHE LTiE, Periostin(POSTN) ;
sense, CACAACCTGGAGACTGGACA and antisense,
TGCTTCCTTGTGTGGTCTTT, Collagen Type 1
(Col-1) : sense, CCCGGGTTTCAGAGACAACTTC
and antisense, TCCACATGCTTTATTCCAG-
CAATC, alpha smooth muscle actin (a-SMA) ; sense,
GACAATGGCTCTGGGCTCTGTAA and antisense,
CTGTGCTTCGTCACCCACGTA, pB-actin ; sense,
ATTGCCGACAGGATGCAGA and antisense, GAG-
TACTTGCGCTCAGGAGGA = H w7z,

3. BENMLEE (BFMIEFEE, IBIMIEESE &

SR E)

BEMEFEERIDBEOREEZSEIT-72Y, B
FHlEEEE I, SHEs v —r% 24 Y o VIR E T
L — b+ (2X10%#Md/ = v, Becton Dickinson Lab-
ware, USA) IC#EfEL, 2 mmol/! B-glycerophosphate
(Sigma-Aldrich, USA), 50 ug/ml ascorbic acid (77
47 A27) B&U01 mol/! dexamethasone (Merck
Millipore, Germany) % 10% FBS/a-MEM I[Z#INL 72
Bedh (B SRR ) o TE L2, 2H LIk
i EARH L, 3EMR;ER alizarin red S (Sigma-
Aldrich) Bt1%17- 7z,

NERGHNEEE %, &My v — 2 %248 7 = Vs
7L—F (1xX10%#Ma/™ =, Becton Dickinson Lab-
ware) 1Z#&fE L, 0.5 mmol// methylisobutylmethylxan-
thine (Sigma-Aldrich), 0.5umol/ hydrocortisone
(Sigma-Aldrich), 60umol// indomethacin (Sigma-
Aldrich) & & % 100 umol/!/ ascorbic acid (4 7 4 7 A
27) % 10% FBS/a-MEM I#sil U 7= 554 (JERGHHia %
ERAH) IS TR L7, 2H L ICEs A R, 4
JEEIES#E oil red O (Sigma-Aldrich) $faz17- 7.

eIl EEE R, &Ml v — > (25X 10%0f/15 ml
HIE) &0 HE (150xg/5 min) L CA U flifigdt
%, 10 ng/m/ ® TGF-B3 (R & D Systems, USA) %
U 7= 8eE iR s 1 (Lonza Group, Switzerland) 12
TIELL, 2HI L2 FERL, 4SS
#%, 4% paraformaldehyde (PFA, Merck Millipore) %
FAowciiidzEE L, 8974 32757, 5um®
YW F 2 /E8L L, alcian blue (Sigma-Aldrich) %ff%
fToiz.

4. 70-YA bx N —HE

MR OB I RE O L T®, T —
P A X —2%— (EC800 Cell Analyzer, ¥ =—) B8
HEY 7 b (Eclipse software, ¥ =—) ZHAWTH-o

Gt b RRRE U 72 S BEER A 13 AR IS B AR T & ST 2 345

7o, Bl v — 2%, 0.05% Trypsin 8 & O 0.02%
EDTA &H® PBS %2 i C &It L, H—oiriEiiiaic
L T flow cytometry staining buffer (FCSB, R & D
Systems) ZMHWTHkEH L=, 2ok, Ml (5x10%/
Fa—7) EAMEHEREME~ — 5 — IR RN iR
(10ng/ml) 50IE74 V24 7av ba—itk (10
ng/ml) kE¥dic, KETIHEEEL . Pukicig,
PE {3~ v 241 CD73 1gG1 $ifA (eBioscience, USA),
PE 5k~ w7 241 CD90 1gGl ik (iCyt, USA), PE &
k< A1 CD105 1gGl itk (eBioscience), PE ik~
7 241 CD146 IgG2 itk (iICyt), PE ik~ w7 241 CD166
1gGl $itf& (BD Bioscience, USA) & & Of PE &k~ v
2 1gGl 74V %4 7av rua—i (eBioscience) % i
W7z, FCSB Iz T L 721, ECS800 cell analyzer 12T
FENT 21T 72,
5. 72BEIXTM4 AL TORBESMIENEE
WA Ll 79 THegowEs %2, 1Y€
YEFTL—=F (=) 2EEL UM (=L
k=) 2T, it 10 mm ¥ 10 mm X E & 3mm 123
WL, SHERATA REFR L7, FRLEERATA R
%, 70% = % 7 —)v 12 K[, PBS T 1K[E], 17%
EDTA (pH 74) <104, WEAKEAKT 156 DNEL 72
bOEREBICHEHLZ 247 2 VilllakEsE L — ¢
(Becton Dickinson Labware) % Fv> T HBEE#ENE (2X
10'#ifE) % %HE 2 7 4 AMEHE LICHRREL, 10% FBS/
a-MEM 1 T 285558 L 72#, Total RNA Z[HIX L
To. BHBSHRREE LT, BB IA4 A2 M3k
L7z s iiie B & ORI AE (4A-4) 2 A w7z,
6. HREEICHHEL - GFPREREMIEN A —I > J
LH OB YT, CAGTrE—2—Ic&D
EGFP # 3 $ % 4 WiH o [ Sprague-Dawley (SD) -
Tg (CAG-EGFP) v + (HAZZ2z)by—) OTFHH
Yt 6 WA Z RILL, ThETcoHEESHIC
5 v + GFP FH taBiMia 2 Bk L7212, 4386 o 1k
SD I v b (JuEh) 4 VEofEFENIC 2 mg/kg midazolam
(¥~ F), 015 mg/kg medetomidine hydrochloride (3
7 HI¥E) 8 X 825 mg/kg butorphanol tartrate (Meiji
Seika 7 7 V=) ZREASEIRHE (ZREEAMRTER)
G L, LSAEE—-HEZHkE L7, kL 7280
PR MEAR AR 12, No.15 # 2 (HH) % Hwv TRk
% U7, GFP #Bithfffile (25x10°) 2as—r v 7
)V (Cellmatrix, #HE I Fv) 2K E L TRKEEIC
Bltk, Bz TAPPICHEL 72, 4 ERETH%,
4% PFA (Merck Millipore) 12 CH#REE L, L3EF%
L7z, MLz 10% EDTA (L7140
FEHEE) < 4 EMOBUKE, X9 7 4 v EMEfTV,
S5um OEYIYI R 2R L 72, IFFRERVICSIGT 59~
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N E2%DYVIMET VT v (BSA, +H54 7R
7) TLlRET vy X 7Lk, Xk LTy
¥#i GFP #ifk (1 : 50, Santa Cruz Biotechnology, USA)
AV, TRPUAE LT E A F R 3 1gG Fifk
(=FLAnA Ay AT R) £ 1RBRKIGSE, DAB
BE (=F LA AT A 2 R) ZHOTLEGOET-
7z, T RTOEBII MK R a7 bk dr s
FESE (KREFS 30-51) 8K OIMAFEYHEBERE
LOERDT (KARFS A-30-226-0) TIroiz

7. IRETFARRAR

b b oEAAE L b b AR AR I 8 1) 5 B AR B
mTFIHE I LT, Student’s t UEIC & 5 T LI %
fFotz, b MBS v — 2 B L0t b o
fid 27 v — > o EIREREEER S AR IC O W TE, 2
BLE DB BTiE 2 D CRERHMLIR 2 520 L 72, R0k
5% AN CHAMFINERZREH D L Lk,

& R

1. b MEBEMAZS LU MEIRIEMIZIC B 1 2 E1R
[ERER T OB FRIBLEE

t b eEdEiiE L b b AR IC 3 1) 5 BRI EE

ETFIE %2 MRt 3 7201, T8I RT-PCR %%
ol ZofEH, t e (DP-3Q, DP-3R,
DP-3T) i8I} % POSTN, Col-1¥ & X a-SMA Oii
TR, FUREFRRO v EiREg (PDL-
3Q, PDL-3R, PDL-3T) &KL TZhZFNHEICK
fEzn L7 (Fig.1).

2. b MEMERMAREIO— LUk MERESME
J0—>D0 bEE, MEKENEORES LUE
IRIERSEE (= T R D EER

1) b MBS o — 2 B X O b RIS
7 u— v D% 53V Re O T

Al —f2tF ko b b adifiiRZ 5 i & b s

#7 & single colony selection iC & b B L 7z & + i
A 2 v — > (DPSC 4A-4, DPSC 4A-7, B X O}
DPSC 4A-9), %7:t b EREEHE 7 v — > (PDLSC
4A-1, PDLSC 4A-2, 8 X ' PDLSC 4A-4) ®%4{l#E
AT 2720, B - IERAHIAE 2 & TR R
NDGEEERZ T - 72, & FBEEiiE s v — v
(DPSC 4A-4, DPSC 4A-7, DPSC 4A-9) B X 't &
REEE 2 o0 — > (PDLSC 4A-1, PDLSC 4A-2,

PDLSC 4A-4) % &3 fllasEEssic € 3EMAEEL /-
FEE T RTO 7 u—Ii2B W T alizarin red S $ R
DB Z R L7 (Fig.2A). 7=, HEMGfaasess
Hilc € 4ERIRGE LR, b M EMEE S o— v
(DPSC 4A-4, DPSC 4A-7, DPSC 4A-9) B8 X 't i

A 80 i

60

40

mRNA expression
(POSTN / B-actin)

DP PDL DP PDL DP PDL
3Q 3R 3T

*%

*%

mRNA expression
(Col-1/ B-actin)
o =~ N W A~ O

DP PDL DP PDL DP PDL
3Q 3R 3T

12
10 *x

mRNA expression
(a-SMA | B-actin)
oN MO
*
*

DP PDL DP PDL DP PDL
3Q 3R 3T

Fig. 1 The expression of PDL-related genes
in human dental pulp (DP) cells (DP-
3Q. DP-3R, DP-3T) and human peri-
odontal ligament (PDL) cells (PDL-3Q,
PDL-3R, PDL-3T)

(A-C) Quantitative RT-PCR was performed
to analyze the mRNA expression of PDL-
related genes POSTN (A), Col-1 (B) and a-
SMA (C) in DP and PDL cells. All values are
means*+SD (error bars) of triplicate assays.
Ep<001.

MR MR 2 v — >~ (PDLSC 4A-1, PDLSC 4A-2,
PDLSC 4A-4) ¥ XTIZH W T oil red O etttk o lgN
A2 L7z (Fig 2B). & 5 ICHE IR EREHIC T 4
HEEEZEL SR, I e — 2B Ww T alcan
blue Btalik DEEREE 2K L 72 (Fig. 2C).

2) kBRI v — 2 B X O bR e

7 u— B BRI O FEELET

t b 2 v — > (DPSC 4A-4, DPSC 4A-7,
DPSC 4A-9) 8 & Ot b+ RFEEHIE 2 v — > (PDLSC
4A-1, PDLSC 4A-2, PDLSC 4A-4) 1B} 5 [HEE R
e~ — 7 —ORBE R T 5720, 7a—H%A F X}
V=& fTot., $XRTOMidr e —ricsw», [
EREME~—Ah =L L CHIS LT W5 CD73, CDYO,
CD105, CD146, & X ¥ CD166 F&ILMIAEASFEHR 1= ]
&t Eh (Fig 2D).
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e e
B o
-
— '.‘) 3 —
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o :

PDLSC 4A-4

D co73 cD90 cD105 CcD146 CD166
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DPSC4A-4 = | i ' i i e 1 —_
.ﬁ\ 7_}_.'“\ i /t‘r*,~ I
=i
99.76% 99.82% 99.89% 99.15% 99.51%
DPSC 4A-7 i ' i —— i '
A J\ \ ) A
WAS L LN Y. LA,
99.97% 99.88% 09.86% 96.87% 99.88%
DPSC 4A-9 T g ._ﬁ_|“ ' A ——
/! /i /\ N ‘
99.94% 99.96% 09.94% 99.91% 99.98%
PDLSC 4A-1 - ' T — ,
f1 i i A I
2k H vt P
97.79% 99.50% 99.94% 98.03% 99.87%
PDLSC4A2 1 ' 1 ' ! =
A LA A A UL
99.95% 99.96% 99.99% 97.60% 99.95%
PDLSC 4A-4 i i —— ' i ' 1
i'\ i N
| ! I e, I
£ i Vi 2 fa
w108 i o s -
€5 100 ox BE >k 2% 5 =
n G w6 0oE
£2 80 £s £3 4 *x
5= oo a2
=z 60 o 5= 4 s 3 ¥k
25 40 <3 <=5
g0 20 g8 2 ze
EL E~ 21
0 0 0

DPSC DPSC DPSC PDLSCPDLSCPDLSC

404 AAT 4A9 A1 4AZ  AA4

Fig. 2 The characterization of dental

DPSC DPSC DPSC PDLSC PDLSC PDLSC
4A2 4A4

DPSC DPSC DPSC PDLSC PDLSC PDLSC

4A4  4AT  4A9 4A1 4A2 4A4 4A4 4AT  4A9  4AA

pulp stem cell (DPSC) and periodontal ligament stem cell (PDLSC) clones

(A) alizarin red S staining of DPSC clones (DPSC 4A-4, DPSC 4A-7, DPSC 4A-9) and PDLSC clones (PDLSC 4A-1, PDLSC

4A-2, PDLSC 4A-4) cultured under osteog

enic inductive conditions in 24-well plates for 4 weeks. (B) oil red O staining of

DPSC clones (DPSC 4A-4, DPSC 4A-7, DPSC 4A-9) and PDLSC clones (PDLSC 4A-1, PDLSC 4A-2, PDLSC 4A-4) cultured

under adipogenic inductive conditions in 48~

well plates for 4 weeks. Bars=200 um. (C) alcian blue staining of DPSC clones

(DPSC 4A-4, DPSC 4A-7, DPSC 4A-9) and PDLSC clones (PDLSC 4A-1, PDLSC 4A-2, PDLSC 4A-4) cultured under chon-
drogenic inductive conditions in 15 m/ polypropylene tubes for 4 weeks. Bars=200 um. (D) The expression of cell surface
antigens (CD73, CD90, CD105, CD146, and CD166) in DPSC clones (DPSC 4A-4, DPSC 4A-7, DPSC 4A-9) and PDLSC clones

(PDLSC 4A-1, PDLSC 4A-2, PDLSC 4A-4)

was analyzed by flow cytometer. (E-G) Quantitative RT-PCR was performed to

analyze the mRNA expression of PDL-related genes POSTN (E), Col-1 (F) and a-SMA (G) in DPSC clones (DPSC 4A-4,
DPSC 4A-7, DPSC 4A-9) and PDLSC clones (PDLSC 4A-1, PDLSC 4A-2, PDLSC 4A-4). All values are means+SD (error

bars) of triplicate assays. ** : p<0.01.
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3) b MEREERME S o — v B & Ot b ERRERE
7 a— B RIREEEE R T FIH o et

b M 2 o — > (DPSC 4A-4, DPSC 4A-7,
DPSC 4A-9) & t R iEaEsflE 2 v — > (PDLSC 4A-
1, PDLSC 4A-2, PDLSC 4A-4) 123 ) 2 iR e &
BB KM T 57201, TR RT-PCR¥E%
fiole. ZO/E, & b diasiiig 2 v — > (DPSC 4A-
4, DPSC 4A-7, DPSC 4A-9) i2& 1} % POSTN, Col-
1 BX U a-SMA OBEETFHEREZ, bt - EEESH
21— (PDLSC 4A-1, PDLSC 4A-2, PDLSC 4A-4)
LI L CHERICEE AR L (Fig 2E~G).

M Lok b, b -@ElSHE e —r 8L e b
BRI 7 o — v 3% g L, MEEReE
v —H—FHETZ L5, Bl EEEE LT
W EMMERE N, £/, FRFNE RS
Ot RIS & [FRE o AR R OB (5 T B R
G —ERTIERHELE ST,

3. BEBELICHEL s/ 0—-21CH15

WRIREEE =T RIBDRER

BHE RIS 2 C LA FlBIEIIE 2 o — i
B 5 AR B EOE 5 T FE B SUF 3BT 0w O
TH720, TIHEEASA A LT bl 2 o —
> (DPSC 4A-4, DPSC 4A-7, DPSC 4A-9) % ki
Total RNA # R[N L, EEM RT-PCREZT-72. &
FHA IR fE L 72 & - pedERrfliia 7 v — > (DPSC 4A-
4, DPSC 4A-7, DPSC 4A-9) &, &7 1 v 2 kic
1RTE L - s BtEsiiia 2 o — v L il L POSTN, Col-
1 B a-SMA OEETFHEEPERICE D 5 72 (Fig.
3). i, Tho0EETFFHIEEE, bt b ERESHG
z1—> (PDLSC 4A-4) it B 2FHBELA%STH -
7z.

4. WOBERICIREBABREL - v b GFP %31

HBEMRRDEE

15 U 7o AR % TR T 2 72 © OB FEATREIR &
LC, wmitifiiaosAEx2Mmatdsz0ic, 7y F%2H
Wz OFEIHERE 7V OREEICHME E EHIcT v
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Fig. 3 The expression of PDL-related genes
in DPSC clones cultured on bone slices
(A-C) Quantitative RT-PCR was performed
to analyze the mRNA expression of PDL-
related genes POSTN (A), Col-1 (B) and o-
SMA (C) in DPSC cultured on bone slices for 2
weeks. DPSC clones cultured on plastic dishes
and PDLSC clone were used as control. All val-
ues are means*SD (error bars) of triplicate
assays. ¥ 1 p<0.01.
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Fig. 4 Immunostaining of transplanted rat GFP-expressing DP cells in PDL tissue in tooth replantation model

(A-E) Immunohistochemical staining for GFP in upper first molar 4 weeks after tooth replantation. GFP

expression was detected around tooth (A) while no expression was observed in B (control IgG : negative con-

trol). (C-E) Higher magnification of boxed area in A.

arrow : rat GFP-expressing DP cells, AB : alveolar bone, DP : dental pulp, PDL : periodontal ligament, R :

root, Bars =100 um.
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Dental Pulp Stem Cells on Bone Tissue Express
Periodontal Ligament-related Gene

—The Effect of Matrix Elasticity on Cellular Differentiation—
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Abstract

Purpose: In severe cases of periodontitis or dental trauma, periodontal tissues including alveolar bone and
periodontal ligament (PDL) are destroyed, and so novel therapy by cell implantation to reconstruct the dam-
aged periodontal tissue is strongly required. Human dental pulp (DP) tissue, which has an abundant popula-
tion of DP stem cells (DPSC), is believed to be a promising source of cells for regenerative medicine in vari-
ous medical fields. Recently, matrix elasticity has been shown to regulate the differential fate of stem cells.
Therefore, in the present study, we investigated whether DPSCs could convert to PDL-like cells by perceiv-
ing matrix elasticity, and possess the potential to regenerate periodontal tissues.

Method: Primary human DP cells, PDL cells, DPSCs and PDL stem cells (PDLSCs) were isolated from
healthy patients. Gene expression was analyzed by quantitative RT-PCR. Osteogenic, adipogenic and chon-
drogenic induction assays were examined by alizarin red S staining, oil red O staining and alcian blue stain-
ing, respectively. Expression of cell surface markers was analyzed using a flow cytometer. Bone slices (depth
10 mm X width 10 mm X height 3 mm) were created from mandibular bone of healthy swine. Rat GFP-
expressing DP cells were transplanted in the tooth socket of a rat tooth replantation model, and homing of
transplanted DP cells in PDL tissue was investigated by immunohistochemical staining.

Results: Primary PDL cells showed higher expression levels of PDL-related markers such as Periostin,
Col-1, and a-SMA than those of primary DP cells by quantitative RT-PCR. DPSCs and PDLSCs showed plu-
ripotency, and also expressed mesenchymal stem cell markers, such as CD73, CD90, CD105, CD146, and
CD166 similarly to PDLSCs examined by flow cytometric analysis. PDLSCs also highly expressed Periostin,
Col-1, and a-SMA compared to DPSCs by quantitative RT-PCR. DPSCs cultured on bone slices for 2 weeks
enhanced gene expression of Periostin, Col-1, and a-SMA at similar levels to PDLSCs. In addition, trans-
planted rat GFP-positive DP cells were detected in PDL tissue around the replanted tooth in the rat tooth
replantation model.

Conclusion: DPSCs cultured on bone tissue increased the expression of PDL-related genes, suggesting that
DPSCs might be a useful source of cells for PDL tissue regeneration.
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