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Abstract : Human teeth have been identified as a new source of postnatal stem cells that have the capacities of self-
renewal and multilineage differentiation. In this study we compared the characteristics of stem cells obtained from
the periodontal ligament of supernumerary teeth (sSPDLSCs) with those of bone-marrow-derived mesenchymal stem
cells (BMMSCs), with the aim of extending the sources of stem cells. We performed a colony forming unit-fibroblast
(CFU-F) assay to evaluate the self-renewal ability of the cells. Reverse transcription-polymerase chain reaction (RT-
PCR) and flow cytometry analyses were used to detect the expressions of various stem-cell markers: Oct-4, Nanog,
Nestin, Stro-1, CD146, CD105, CD29, CD44, CD90 and CD31. The abilities of adipogenic and osteogenic differ-
entiation were monitored by histochemical staining and quantitative RT-PCR. The colony-forming efficiency was
slightly higher for sSPDLSCs than for BMMSCs (6.0% vs. 5.1%, respectively). The two stem cell populations
expressed similar stem-cell markers except Nestin, Stro-1, and CD146. The sPDLSCs could differentiate to adipo-
genic lineage; however, the up-regulation of peroxisome-proliferator-activated receptor y2 (PPARY2) and lipopro-
tein lipase (LPL) gene expressions was less than for the BMMSCs. Osteogenic differentiation of the sSPDLSCs was
confirmed by up-regulation of alkaline phosphatase (ALP) and bone sialoprotein (BSP) gene expressions, but ele-
vation of ALP gene expression was observed earlier than for the BMMSCs. We have shown that SPDLSCs exhibit
stem-cell properties such as self-renewal ability, expression of stem-cell markers, and differentiation into adipogenic
and osteogenic lineages. This cell type could represent a good stem-cell candidate for use in regenerative medicine.
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culture*> <&
(supernumerary periodontal ligament stem cells, sPDLSCs)
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2t WHaEinh
gLl A 154
AT et o)y} o

S AT v A XS Aol 25 fll T4 =
714 3 (bone marrow mesenchymal stem cells, BMMSCs)2}
FABIoH, B AT tixo® ARSItk 5
S 7M1 B AY A ZFRAY E71A 29 6l ol
AH8-8t BiA]E= o-minimum essential medium (a-MEM;
Gibco BRL, Grand Island, NY, USA) Hi=|e] 10% fetal
bovine serum (FBS; Gibco BRL), 100 U/ml of penicillin3}
100 pg/ml of streptomycin (Gibco BRL), 2 mM L-
glutamine (Gibco BRL), 10 mM L-ascorbic acid (Sigma,
St. Louis, MO, USA)YE 715t A2 vl Al 5=
37°CE frAISHL 5% CO%l FH873olA mfdatiet.
P2 ATt 271 EE 27l FLg = 4ol A
gatleon 71 A3 e A o 1S el A
4 22t WHESte] Al)Ekgitt.

H

2.2 Colony Forming Unit-Fibroblast (CFU-F)2| &H

A YR 2RI 7M1 HEgE sl
g T3l VA2 EAR AEAss gRlskih 7k
AA =714 E(mesenchymal stem cells, MSCs)= 4o}
Alzet FARE 545 Bolm 2 (colony)ys 48 + 3L
=, olggt ME =<2l colony forming unit-fibroblast
(CFU-F)?] & =4 3A ). 6-well Bl%HA(BD Falcon,
Lincoln Park, NJ, USA)ll 480 cells/well®] F=2 MES
B33 & 109 9 wigsTh. 10% natural-buffered
formalin (Sigma)& AF&3le] 4°CollA 20%7F XA 3L,
0.5% crystal violet (Sigma, St. Louis, MO, USA)S A}
gote] 5% AAskATh A7 2mm o]l ME HE
=& 99 CFU-FZ H7bsiglen] B33 Al 5 o]

CFU-FE ¥4% +8 3894502 ANsarh

2.3 9T FEIEA AM{HIS (Reverse Transcription-
Polymerase Chain Reaction, RT-PCR)& £8t £7|A|
Z 4H fuXt 4 gol

RT-PCRS 53l YA ATt Ao =R e A A |
Al wiget £71 A2et F el S99 7141324 wl
o= 7]A| X (embryonic stem cells, ES cells)2] 3X]A}21 Oct-
49} Nanog % ¥l 7F3<7 4|3 (ectomesenchymal stem
cells, EMSCs)9] ¥ A A1 Nestin®] mRNA 23S &5}
St} Total RNA®] F%2 RNeasy mini kit (Qiagen,
Valencia, CA, USA)YS ARE3te] Alf3l9ich. E3F Total
RNAT Nanodrop ND-1000® (Thermo Scientific, Waltham,
MA, USA) T334 =AE AH8-ste] AFalsich. cDNAS] ¢
S A8l Z2H9] total RNA 1 pgs oligo (dT);s primerE
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Table 1. RT-PCR and qRT-PCR primers used in this study.
Genes Primer sequence (5'-3") Size (bp) Cycles Gene Bank Accession No. Ref.
F: CGACCATCTGCCGCTTTGAG 26
Oct-4 R: CCCCCTGTCCCCCATTCCTA 373 29 NM_002701.4
F: TGCAAATGTCTTCTGCTGAGAT 2
Nanog  R. GITCAGGATGTTGGAGAGITC 287 32 NM_024865.2
. F: GCCCTGACCACTCCAGTTTA ”
Nestin - . GGAGTCCTGGATTTCCTTCC 200 30 NM_006617.1
F: AGGTGAAGGTCGGAGTCAACG 28
GAPDH R: GCTCCTGGAAGATGGTGATGG 231 26 NM_002046.3
F: ACAGCAAACCCCTATTCCATGCTGT ¥ 25
PPARY2 R: TCCCAAAGTTGGTGGGCCAGAA 159 + NM_015869.4
F: TGGACTGGCTGTCACGGGCT * 25
LPL R: GCCAGCAGCATGGGCTCCAA 167 “ NM_000237.2
F: GGACCATTCCCACGTCTTCAC X 2
ALP R: CCTTGTAGCCAGGCCCATTG 137 4 NM_000478.4
F: CTGGCACAGGGTATACAGGGITAG X 29
BSP R: ACTGGTGCCGITTATGCCTTG 182 + NM_004967.3
F: TCCTGCACCACCAACTGCTT * 29
GAPDH R: TGGCAGTGATGGCATGGAC 100 4 NM_002046.3
* gRT-PCR
3h-3F Maxime RT premix kit (Intron biotechnology, M A 3EA] AH(endothelial cell marker)?] CD319] =& 44t
Seoul, Korea)oll il BHE STHTE 4o F 20 o < AESIATE Al W A v AEES AT 2HE 2

S, 45°CoAM A7, 95°CollA SEZE WHEAIAT SRR
2 AHH-S-(polymerase chain reaction, PCR)2 Maxime
PCR PreMix Kit (i-StarTaq) (Intron biotechnology)S A&
SFTh S cDNA 1 pl, 10 pmol/pl®] forward % reverse
primerS 2tz 1 plE ¥ 94E SRFE Yol FF 1y
7} 20 ul7t =5 313tk DenaturationS 913 95°Ceol|A] 2
B, 9594 20%7F 712313, annealingS 60°ColA 10%,
extensions 72°CollA] 20%, final extensione 72°CollA] 5&
7+ PCRYH3-7](Swift™ MaxPro Thermal Cyclers; ESCO,

o] &3l AJd)ElATh. PCR YA ®ES-<] g2l
S $I8kd human glyceraldehyde-3-phosphate
dehydrogenase (GAPDH)E Z3ste] A|gatg)om, A-g-3k
primer®] &/ % WHgE71-& Table 19 E7]8tith v
o}z PCR 2HE2 6x LoadingStar (DyneBio, Sungnam,
Korea)®} 413L 1.5% agarose gelold 7] 95319t
ChemiDoc XRS (BIO-RAD Lab, Richmond, CA, USA)S
o]-&sto] UV lightst F9& T3l A7) 95 2= 3

By

Singapore)E
[e)

(=]

2.4 FAM (Flow Cytometry Analysis)E &
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9 <4*(phosphate buffered saline, PBS, pH=7.2)Z F+ =}d Al
2 % cell dissociation buffer (Invitrogen, Carlsbad, CA,
USA)Z disholMFH E2g 5 1x10° cells/mle] =2
flow cytometry staining buffer (eBioscence, San Diego,
CA, USA)| AT} Stro-19] &S #&317] 938t
of Azt FAZM 5 pg/1x10° cells F=2] monoclonal
anti-human Stro-1 (IgM; R&D system, Minneapolis,
MN, USA)E A 3taL 4°ColA 147 <k §EAIZ T
flow cytometry staining buffer® F ¥ M& T o]z} &
24 R-phycoerythrin (R-PE)°] Z%% goat anti-mouse
IgM (SouthernBiotech, Birmingham, AL, USA)S 0.1 ug/
1x10%ells FE2 4°CoIA 30% F<F WHAIZTE g
CD146, CD105, CD29, CD44, CD90, CD31& 22135}/
#1384, fluorescein isothiocyanate (FITC)7F A3 anti-
human CD146 (eBioscence)?} R-phycoerythrin (R-PE)°]
A% anti-human CD105, anti-human CD29, anti-
human CD44, anti-human CD90, anti-human CD31
(eBioscence)Z A Z3]ALe] ZAlo] whab 5~20 ul/1x10° cells
EEE ARS] 4°CollA 1A7E 54 WgAIF T STRO-
18] 745 xS dAb FAE HrebA a skl
o gAaE Al FACSCalibur™ Flow Cytometer
(BD Biosciences)® FCSExpress V3 software (De Novo
Software, Thornhill, ON, Canada)S AFE-3}e] A|xe]
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2.5 X[ Mz=2o| E5Hs3 k& (Adipogenic Differentia-
tion)

HAA] AT 272 APAER] EelsdS &
s7] flste 3-5AIHE] AES 12-well HIFHAL
1x10* cells/em® FE= 24 thg A7 A9 2 2
o 23} A2 sk AGAIER S 23t e A
+ 104 7+ o-MEM HiA]e] 10% FBS, 1% antibiotics,
1 uM dexamethasone (Sigma), 10 pg/ml human insulin
(Sigma), 100 uM indomethacin (Sigma), 500 uM 3-isobutyl-
l-methylxanthine (IBMX; Sigma)E 7713+ vjA| 2 A1-8-3}%
o, 104 Foll= 23 74 ¥A(o-MEM HIA el 10%
FBS % 1% antibiotics, 10 pg/ml human insuling %7}
£ 1047 ¢ ARgsioit

w3 28 A 88 A7Hoz 81e7] 918 Ol Red
0 AAL NS BAL $Ia) AEE 10% natural-

=
=
4 DY F

buffered formaling AM8-3Fed 4°Col|A] 304
A 1027 H-8A1A
o

0.2% Oil Red O (Sigma) &4& A-20] i
Ao, SHTFE AIFT Fol| Fedndor Ao
3t WS Atk gk AWMl 23 AE At
Q1 peroxisome proliferator-activated receptor y2 (PPARy2)®}
lipoprotein lipase (LPL)2] mRNAE g #2 AA} Fda
2 213Y9k3-(Quantitative Reverse Transcription-Polymerase
Chain Reaction, qRT-PCR)2.Z ] 5}%]t}.
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2.6 B Y MERQ sy ZHEH(Osteogenic
Differentiation)

YA AT E7 1A 2] FA xR E3leHS S<lst
7] 913k 3-5AIHe) AEZE 12 well BiFE7100 1x10* cells/
m2 FEE B oy A2 A A 2 o #3518 b
A2 w&scE. a-MEM iAol 10% FBS % 1%
antibiotics, 0.1 pM dexamethasone, 2 mM [-glycerolphosphate
(Sigma) 2 50 uM ascorbic acid 2-phosphate (Sigma)E 7}
3 Bg MAE AZele 577 AES BN,

2318 A7 oz 89187 915 Alizarin Red S A4E
Aaste] AT Wl YB35 AP AFHAL A
F¥E 10% natural-buffered formalin® 378% & 2%
Alizarin Red S (pH=4.2; Sigma) o2 587F A3 o}
= TRTE A & Bednd R AR gk A
Z32 A AEZe Bl AR SHACl alkaline
phosphatase (ALP)S} bone sialoprotein (BSP)2] mRNA 2
APFE A ) FREL sos BAaT.

27 HEY QXA SEEA AMEHS(Quantitative
Reverse Transcription Polymerase Chain Reac-
tion, RT-PCR)

Total RNAFZ % cDNAAZ= A7)0 7]<¥d RT-PCR

%3 -
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W sdsHl skt vkl Hit 7 ul,
forward 2 reverse primer (10pmol/pl) Z+2} 1 pul, A E
c¢DNA 1pul ¥ 2x SYBR Premix Ex Taq™ (Takara Bio,
Otsu, Japan) 10 ulE Bof F 20 WE =S Thermal
Cycler Dice™ real time system (Takara Bio)o.2 53 H
PGS SIS SEAYS £7] denaturation® 24 95°C
oA 10%7F Al3Y3%F th3 denaturation® 95°CollA] 5%,
annealing 60°CollA4] 15%, extensione 72°Col|lA 10z%7F
453] F3PslaL o]F 60°Coll A 95°C7HA] dissociation g

< Attt AFE-g primere] =712 Table 19} 2
AR primere P2 2L S Fotd A71FE st &

°o]gt band7} YERFA] €201 dissociation curve’del 5ol
& peak’t §la-S RISttt &3t AF9 ZF mRNAY]
4thA B oke] HlwE GAPDHE 7|52 & sho] 224¢T
HE o83k
2.8 SHEA{(Statistical Analysis)

AI= CFU-Fs #4¢] Afols ARESTE Ueplile
™ gRT-PCR #419] 790l Hagst TFUAE et
WAtk w3k A5 Al mRNA L& Fe] Apol=
SPSS (version 17.0; Chicago, IL, USA) Z2 13- o] &
3l Mann-Whitney U test (p <0.05)%2 54 &3t

JE:l

3. ot

3.1 AR XFQICh MEZe| YR HiF

HjF Aol A ste] wjdrle] ¥ A9
o =AM At Alxe Pl AY 2o
A2} FARE FEl S B Tth(Fig 1).
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Figure 1. (A) Radiographic view of a supernumerary tooth
(arrows). (B) Morphology of stem cells obtained from the peri-
odontal ligament of a supernumerary tooth (sPDLSCs). Scale bar:
100 pm.
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Figure 2. Colony forming unit—fibroblast (CFU-F) assay for the
sPDLSCs and bone marrow-derived mesenchymal stem cells
(BMMSCs). (A) Crystal violet staining. (B) The numbers of col-
onies per 480 cells after 10 days of culture did not differ signifi-
cantly between the two cell types (Mann-Whitney U test:
p>0.05; n=8). Data are presented as box and whisker plots
showing median, quartiles, and range.
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Figure 3. (A) Expression of genes associated with embryonic
stem cells (Oct-4 and Nanog) and ectomesenchymal stem cells
(Nestin) in the SPDLSCs and BMMSCs. GAPDH was used as an
internal control. (M: marker, sP: sSPDLSCs, BM: BMMSCs) (B)
Flow cytometry analysis of mesenchymal stem-cell markers
(STRO-1, CD146, CD105, CD29, CD44, and CD90) and endot-
helial cell marker (CD31) in the SPDLSCs and BMMSCs. Hori-
zontal bars indicate 1% of control samples.
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CD31> A9 A=A Fstrh. 2y F AEF7F vl
Al HIA AFRJAY Z71HEANA Stro-19] o] FH B
U ¥ CD1469] W32 Fr] AA #E=ATHFig 3B).

3.5 X[k MIzZ2o| 2olsE
tion)

HYR AFAd 27 xS} 25 i SHAS7IHAE
o] AMHERZS] ¥3h= Oil Red O 94 23 B4 4
AE lipid vacuoleS F3 AT = AR S H(Fig 4A),
3 qRT-PCR ¥4 A3} #3}5 A17] oAl PPARy2%}
LPLe| ¥l SVt A= ATHFig 4B). Zelvk #YA]| A
AN 74128 ARAH xRS E3le =5 il 571
FE=7IMERTE AA 2FEAE vk Red O 94 2
Fhol A8 ofu]el 3} Al PPARy2%}F LPL f-3=te] W&
717 Bop A& A& Tt S0 AUTH

2t (Adipogenic Differentia-

3.6 %%
tion)
Alizarin Red SE A ¥ 433 2

M ME=Z9| £35}(Osteogenic Differentia-

HYH AFAY 27N xS} 25 3 sHF9E7IAE =
Adlpogemc Control
medium
r
sPDLSCs
L o' 2
>
BMMSCs
T - xt
350
S 300 Il sPDLSCs "o
a 7 1BMMSCs "
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3
w200
2
& 150-
g
'ﬁ 100 -
o
X 59
PPARy2 LPL

Figure 4. Adipogenic differentiation of the SPDLSCs and BMMSCs.
(A) Oil Red O staining after 20 days of culture in adipogenic differen-
tiation medium and control medium. Scale bar: 100 um. (B) Quanti-
tative RT-PCR analysis revealed up-regulation of peroxisome-
proliferator-activated receptor y2 (PPARY2) and lipoprotein lipase
(LPL) gene expressions at 20 days of culture under adipogenic stim-
uli. ** p<0.01 (Mann-Whitney U test, #=3).
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Figure 5. Osteogenic differentiation of the sPDLSCs and
BMMSCs. (A) Alizarin Red S staining after 5 weeks of culture in
osteogenic differentiation medium and control medium. Scale bar:
100 pm. (B) Quantitative RT-PCR analysis revealed the changes
in alkaline phosphatase (ALP) and bone sialoprotein (BSP) gene
expression at 0, 7, 14, and 21 days of culture under osteogenic
stimuli. * p <0.05 (Mann-Whitney U test, n=3).
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Ae FYA AFAWAHE 9] Stro-1S FHdH= AE7F
I &8 Y EHE RUE 52 334%E AEE
Atk o= A g YA A=A M EzAA 7+
A E7IME7F Bol EAlgT A & Fx Ao A,
o], dab ik v, AR A 5 ookl A A4
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dnrr o g FHlq E7IMEe] THESlks (multipotentiality)
S A Y 24 BAGE AERe] E3lFES T
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Fep B 2y 24§
YA AFAY E7HEE AWAHER
Aed ol AFAY E7MEE S
ol Aw® miel 7ol 2 frfrt Ay
o Az WA ATFAEZEA F5F F
ZIMERY £ O 89 FF9
= A7tEr,

s Az 34 A
oty E\MZe} F5
d4 T2 (Alizarin Red S
7 EANA 27 el T89S/ ERY 2719
=/ vebgo] #EEAT F HE L o]#dk x}o]
Alxe] S5 AoloA] i 7Pt FHT
AEH, =2 ST 71K 3 &7 MM ZF

AT
Azt ad

o =R Y.

it

AT B AT
A& o
b AT

og{;z
_O|L
D)

°
30
o

| =
o2
-

TV T

7H34 E7IHAEL] AAE 2o



WA - FAA - DA

-3

42 PPARy2, Wnt 7d=Z, hedgehogs, Bone morphogenic
proteins(BMPs) 742 % IGF, FGF 59| AAE°] 4%

BUL 73 glow olg e RaEe AYHERY Rl
S} ZEALRY 25E M2 AsIE I delA

UTHH B AxAGE B & u) FYx] AFeA =
NNAEE 27 Fi S0 E7IHAEY Buskd S o #
Wb 2o Bilutts AxZ A MERe Iyt 4

Z dojt=t ol AE Hol] ZRAERS B35 =
b QAbEe] U B2 FFS FI U HH S5 2R
Axze] F3pt £6 JgE Axehs F40] 78 A
o= Hth ey g 4ES SsiAe Al W 4l
IHY HAEE SHele 5 £ o B2 A7t 28 A
o2 Algdrh

2 AFoM s, HIR ] 2FAA A frefgh Alze] =}
72, wolE Al Ee] XA Oct-4 9} Nanog 2 &

w3 AE7IAES] FAIAD Nestin®] 2@ 7 74374
=712 FHIA Stro-1, CD146, CD105, CD29,
CD44, CD902] W&, AWM E 2 AxF 4 NIz

Rob52 25 4o 309 27N v BBFO =N
HYH9) AFAYNE 255k PR 23} 7Fsst0]
28 7Psd YAZNE} ke AL s of
9 AT A §24 L GFA% Hke] HYA9] A
FAUE 2R FRAe] B 5 UL BolFE 7
oz, AL & ¥ AEYY FYNE ZIAES
doz 288 + 9E F5HS WA do 2 9e
ATk @ & ek BF W% HYA9 A5, AF

=y

Adiel dEo] A& f(apical papilla) 2 X]'d(dental
follicle) 22 = Z7]1M 2] Y O2A ARG 918 F
7HAQl A7 da s Zlow AzbE

ZAtel 2 B A7E 98 T4 e 09 2AE
= Azs] =2 Addste o sk o wstwa A w
97 A2 =gych e B 3= dAgsky X
Fiet 2010d % w5AH] A4 (6-2010-0118)°0 25k
o]Fo] Homz o]d 7S =Yyt

ZHOE8

1. SP Bruder, N Jaiswal, SE Haynesworth, Growth kinetics, self-
renewal, and the osteogenic potential of purified human
mesenchymal stem cells during extensive subcultivation and
following cryopreservation, J Cell Biochem, 64, 278 (1997).

.Y Yang, A Schumacher, J Liu, et al., Monitoring bone
marrow-originated mesenchymal stem cell traffic to
myocardial infarction sites using magnetic resonance imaging,
Magn Reson Med, 65, 1430 (2011).

.J Yu, Z Deng, J Shi, et al., Differentiation of dental pulp stem
cells into regular-shaped dentin-pulp complex induced by

130

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21

22.

.I Kerkis, A Kerkis,

. o];q]j

tooth germ cell conditioned medium, Tissue Eng, 12, 3097
(2006).

.Y Yamada, K Ito, S Nakamura, et al., Promising cell-based

therapy for bone regeneration using stem cells from deciduous
teeth, dental pulp, and bone marrow, Cell Transplant, (2010).

.M Miura, S Gronthos, M Zhao, et al., SHED: stem cells from

human exfoliated deciduous teeth, Proc Natl Acad Sci U S A,
100, 5807 (2003).

D Dozortsev, et al., Isolation and
characterization of a population of immature dental pulp stem
cells expressing OCT-4 and other embryonic stem cell
markers, Cells Tissues Organs, 184, 105 (2006).

.MM Cordeiro, Z Dong, T Kaneko, et al., Dental pulp tissue

engineering with stem cells from exfoliated deciduous teeth, J
Endod, 34, 962 (2008).

.Y Zheng, Y Liu, CM Zhang, et al., Stem cells from deciduous

tooth repair mandibular defect in swine, J Dent Res, 88, 249
(2009).

.IC Gay, S Chen, M MacDougall, Isolation and characteriza-

tion of multipotent human periodontal ligament stem cells,
Orthod Craniofac Res, 10, 149 (2007).

Y Zhou, DW Hutmacher, V Sae-Lim, et al., Osteogenic and
adipogenic induction potential of human periodontal cells, J
Periodontol, 79, 525 (2008).

CY Huang, D Pelaez, ] Dominguez-Bendala, et al., Plasticity
of stem cells derived from adult periodontal ligament, Regen
Med, 4, 309 (2009).

K Nagatomo, M Komaki, I Sekiya, et al., Stem cell properties
of human periodontal ligament cells, J Periodontal Res, 41,
303 (2006).

KG Silverio, TL Rodrigues, RD Coletta, et al., Mesenchymal
stem cell properties of periodontal ligament cells from deciduous
and permanent teeth, J Periodontol, 81, 1207 (2010).

BM Seo, M Miura, S Gronthos, et al, Investigation of
multipotent postnatal stem cells from human periodontal
ligament, Lancet, 364, 149 (2004).

S Yao, F Pan, V Prpic, ef al., Differentiation of stem cells in
the dental follicle, J Dent Res, 87, 767 (2008).

W Sonoyama, Y Liu, T Yamaza, et al., Characterization of the
apical papilla and its residing stem cells from human immature
permanent teeth: a pilot study, J Endod, 34, 166 (2008).

GT Huang, W Sonoyama, Y Liu, ef al., The hidden treasure in
apical papilla: the potential role in pulp/dentin regeneration
and bioroot engineering, J Endod, 34, 645 (2008).

J Xu, W Wang, Y Kapila, ef al., Multiple differentiation capacity
of STRO-1+/CD146+ PDL mesenchymal progenitor cells, Stem
Cells Dev, 18, 487 (2009).

KH Kim, SH Kim, YJ Seol, ef al., Stem cell properties of cells
derived from canine periodontal ligament, J Korean Acad
Periodontol, 37,479 (2007).

K Chadipiralla, JM Yochim, B Bahuleyan, et al., Osteogenic
differentiation of stem cells derived from human periodontal
ligaments and pulp of human exfoliated deciduous teeth, Cel/
Tissue Res, 340, 323 (2010).

. RE Primosch, Anterior supernumerary teeth--assessment and

surgical intervention in children, Pediatr Dent, 3,204 (1981).
WH Huang, TP Tsai, HL Su, Mesiodens in the primary
dentition stage: a radiographic study, ASDC J Dent Child, 59,
186 (1992).



23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

3s.

AH Huang, YK Chen, LM Lin, et al., Isolation and characteriza-
tion of dental pulp stem cells from a supernumerary tooth, J Oral
Pathol Med, 37, 571 (2008).

SY Ahn, Isolation and culture of dental pulp stem cells from a
supernumerary tooth, Journal of Dental Rehabilitation and
Applied Science, 25, 191 (2009).

JS Song, SH Kim, SO Kim, et al., Characterization of stem
cells obtained from the dental pulp and periodontal ligament
of deciduous teeth, Tissue Eng Regen Med, 7, 575 (2010).

A Tomokiyo, H Maeda, S Fujii, et al,, Development of a
multipotent clonal human periodontal ligament cell line,
Differentiation, 76, 337 (2008).

MJ Honda, F Nakashima, K Satomura, ef al., Side population
cells expressing ABCG2 in human adult dental pulp tissue, Int
Endod J, 40, 949 (2007).

NM Lapsys, AD Kriketos, M Lim-Fraser, ef al., Expression of
genes involved in lipid metabolism correlate with peroxisome
proliferator-activated receptor gamma expression in human
skeletal muscle, J Clin Endocrinol Metab, 85, 4293 (2000).

S Fujii, H Maeda, N Wada, et al., Investigating a clonal
human periodontal ligament progenitor/stem cell line in vitro
and in vivo, J Cell Physiol, 215, 743 (2008).

K Tanaka, K Iwasaki, KE Feghali, et al, Comparison of
characteristics of periodontal ligament cells obtained from
outgrowth and enzyme-digested culture methods, Arch Oral
Biol, (2010).

W Singhatanadgit, N Donos, I Olsen, Isolation and characteriza-
tion of stem cell clones from adult human ligament, Tissue Eng
Part A4, 15,2625 (2009).

L Wang, H Shen, W Zheng, et al., Characterization of stem
cells from alveolar periodontal ligament, Tissue Eng Part A,
(2010).

LA Boyer, TI Lee, MF Cole, et al, Core transcriptional
regulatory circuitry in human embryonic stem cells, Cell, 122,
947 (2005).

O Adewumi, B Aflatoonian, L Ahrlund-Richter ef al.,
Characterization of human embryonic stem cell lines by the
International Stem Cell Initiative, Nat Biotechnol, 25, 803
(2007).

A Nanci, AROh Ten Cate, Ten Cate's oral histology : develop-

131

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

ment, structure, and function, 7th ed. / Antonio Nanci. ed, St.
Louis, Mo. ; [London]: Mosby, (2008).

N Kawanabe, S Murata, K Murakami, et al, Isolation of
multipotent stem cells in human periodontal ligament using
stage-specific embryonic antigen-4, Differentiation, 79, 74
(2010).

SC Chen, V Marino, S Gronthos, et al., Location of putative
stem cells in human periodontal ligament, J Periodontal Res,
41, 547 (2006).

AJ Wagers, IL Weissman, Plasticity of adult stem cells, Cell,
116, 639 (2004).

P Tontonoz, E Hu, RA Graves, et al, mPPAR gamma 2:
tissue-specific regulator of an adipocyte enhancer, Genes Dev,
8, 1224 (1994).

JR Mauney, T Nguyen, K Gillen, et al., Engineering adipose-
like tissue in vitro and in vivo utilizing human bone marrow
and adipose-derived mesenchymal stem cells with silk fibroin
3D scaffolds, Biomaterials, 28, 5280 (2007).

JB Lian, GS Stein, Development of the osteoblast phenotype:
molecular mechanisms mediating osteoblast growth and
differentiation, lowa Orthop J, 15, 118 (1995).

CN Bennett, KA Longo, WS Wright, ef al., Regulation of
osteoblastogenesis and bone mass by Wnt10b, Proc Natl Acad
Sci US 4,102, 3324 (2005).

B Lecka-Czernik, E] Moerman, DF Grant, et al., Divergent
effects of selective peroxisome proliferator-activated receptor-
gamma 2 ligands on adipocyte versus osteoblast differentiation,
Endocrinology, 143, 2376 (2002).

D Chen, X Ji, MA Harris, et al., Differential roles for bone
morphogenetic protein (BMP) receptor type IB and IA in
differentiation and specification of mesenchymal precursor
cells to osteoblast and adipocyte lineages, J Cell Biol, 142,
295 (1998).

JH Hong, ES Hwang, MT McManus, ef al., TAZ, a transcriptional
modulator of mesenchymal stem cell differentiation, Science, 309,
1074 (2005).

S Spinella-Jaegle, G Rawadi, S Kawai, et al., Sonic hedgehog
increases the commitment of pluripotent mesenchymal cells
into the osteoblastic lineage and abolishes adipocytic
differentiation, J Cell Sci, 114, 2085 (2001).



