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Abstracts : Many studies have found adult stem cells in human teeth or correlated tissues. However, most of these
stem cells were found in the permanent teeth or pulp from exfoliated deciduous teeth. The aim of the present study
was to characterize stem cells isolated from the functional dental pulp and periodontal ligament of deciduous teeth.
Dental pulp tissue was obtained from deciduous teeth by extirpation during treatment for dental caries, and periodon-
tal tissue was obtained from deciduous teeth that were extracted for orthodontic reasons or space management. We
observed cell outgrowth from these tissues in ‘explants culture’, and named these cells as deciduous dental pulp stem
cells (DDPSCs) and deciduous periodontal ligament stem cells (DPDLSCs), respectively. These stem cells pre-
sented embryonic stem cell markers (Oct-4 and Nanog), an ectomesenchymal stem cell marker (Nestin), and mes-
enchymal stem cell markers (Stro-1 and CD146). In differentiation media, DDPSCs and DPDLSCs were able to
change into cells that produce lipid vacuoles or cells that induce extracellular mineral aggregation, expressing genes
correlated with adipogenesis (PPARY2 and LPL) or osteogenesis (ALP and BSP), respectively. This is the first report
of the presence of multipotent stem cells in the functional dental pulp and periodontal ligament tissue of deciduous
teeth, which can be isolated using an explants culture method. These tissues can be obtained easily during routine
dental procedures, and could therefore represent a good source of adult stem cells for use in regenerative medicine.
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A - A - AP - HEA - A - S - A
DDPSC), PlA% 974 A2et 391004 A8 5= e Al FRZEE Z7|A|Ee] AR AAltieta x|y st
(stem cells from apical pulp, SCAP), & 51 X|'d"*) 4] 713529 Y3 2R £91(2-2010-0019)7 Sto} & HE
AS 4 9= AM*E(dental follicular precursor cells, DFPC), Z}e] ZolE WA] o|FojFom wk 2-144|¢] A7}E
8] AFI A (periodontal ligament stem cells, Y 8WH(EAM4 W, A3} 4)e2H Y 4SS AT 7]
PDLSC)5°] 4&1A4 gttt fx1¢] A9l 55 g2 3 AT A2 FH3A] oA WER QUG WA HXHO
E AR X8 5o wkx g MHA X ]/\2101]’*1 ae 2 9A E FAX NN ARoH(n=4) AT 2 FA
A& Al E(stem cells from human exfoliated deciduous teeth, XE ZF 7AZ =29 98l AFHEE JFPsoF 5=
SHED)7} B3 =1t} AR} Al 1f-7AolA AATHr=4). 2 S 2 FE o] U}

_o] 7\]_01 Aoz g
7<1_,,]___ 1:1—a H]X]

o= _H;__LQ‘”E} 19 31m 6‘47<H7]]—Z] o
5‘ AZ7IME AFAH M o] Tthes} 7}

w7t gk SR A A
Aol A %7]*1]4_(PDLSC)7P HIE7] w el X2
I SAS SR T S84 7K 2]

A7 EAG QoI AT & Y& AOE BT of
e fle] ATz e Yot fRdE WA 9
£ AW A% QE B F IR % wHH 37
o= WA B AANEVE 47 92 4 A

BH TR AfolH ZHMLE Ak ASE FE
WA ©ATANY T 9ol o) wEE A5
A AT FH A%e] BEAE WAL FANH A
T 2 ok g ARHOR AEea JE A4
o A%M AL F YJEAE AFE Wk gA 4
o A% AkEAF AR HY F AL A5 50| 9
& A%e] A58 AA Hed o] Welw g2t 3
o A5olN AL 5 e 27 AL fA1G HEE A
& 5 98 Aoz FAuT.

do} AP Qe ATE 53 AT BYE} Eom 5
3 dobxst AR Y F AA2YA B2 5 Y= KA
o A5:0h AT £HO2YE F7] AEES Ao} w2
AT 5 ATk ALY el Brk s @
F 9 A0E Bl e B Afe §X9 AR 2
3 % 9s & 9 A% % AFAYANA SEsFs 4
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2.1 FX2RE LXHH(Primary Culture from
Deciduous Teeth)
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explants culture = ©]-8-3FA T} X|F ot ZZ 9
X]£X43LH %] (gingival attachment)?} X|ZTol|A] 4
Holzl F-9olA #15 bladeE o]&3t] 2H & =
-rﬂ O}oiotq X4+ ZZF& barbed broach® X|4*

3k, ol 2He | me] =)=
60 mm culture dishes (BD Falcon, Lincoln
Park, NJ, USA)$lol &% ¥ counting chamber cover
glass (Superior, Germany)E S o] M 27} A= s &
At ik AE-E HiX]E o-minimum essential medium
(a-MEM; Gibco BRL, Grand Island, NY, USA) Hj=]e]
10% fetal bovine serum (FBS; Gibco BRL), 100 U/ml of
penicillin and 100 pg/ml of streptomycin (Gibco BRL),
2mM L-glutamine (Gibco BRL), 10 mM L-ascorbic acid
(Sigma, St. Louis, MO, USA)E H7}ste] Alg-3l3oH
37°C, 5% CO,®| F&SHolA vidatdnt. Ao A4
gl AFxHorhE AL AEs 742 deciduous
dental pulp stem cells (DDPSCs), deciduous periodontal
ligament stem cells (DPDLSCs)E HH3lal 104 & A
o vjeFstlen z4zk 471 €] /‘ﬂ At T
T2 HolM AFE YA e Ha 29

Bale] Aze] f94< zhao}azu}.

w

TEE
TT=

(oo
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2.2 AHAL SEIEA oifHES (Reverse Transcription
Polymerase Chaln Reaction, RT-PCR)S
MZE 23 FTX L8 ol

vk 7] AEolA wjolE7]ME(embryonic stem
cells, ES cells)?] ®AAFQ! Oct-4 2 Nanog % vl
7+ & 714l  (ectomesenchymal stem cells, EMSCs)®] 3
A AHQ] Nestin®] mRNAS] 2# S RT-PCRE T3l 21t
Atk Al W AL wget AIZZHE total RNAE &

3=, MEZZHE total RNAS —.—a]‘_ RNeasy mini
kit (Qiagen, Valencia, CA, USA) & AFE3SISit) o]%
Nanodrop ND-1000" (Thermo Scientific, Waltham, MA,
USA) 33 5AE Aslo] 280 nm 2 260 nmellAe] &
FEE 4% 3 AFsiadnh. 2749 total RNA 1 ugs
oligo (dT);s primerE @3 Maxime RT premix Kit
(Intron biotechnology, Seoul, Korea)oﬂ Y Hid SF
20 pl7b HEF 3 F 45°ColM  1A7,

23 =

TE T S



f219] &714 EZ(Stem Cells from Deciduous Teeth)

95°Cell A 5E7F WF3AIA cDNAS &ttt

ZHa A AW (polymerase chain reaction, PCR)Y
Maxime PCR PreMix Kit (i-StarTaq) (Intron biotechnology)
£ AREste] AldstAnt 3 cDNA 1 pl, 10 pmol/ pl¢]
forward 2 reverse primergE 2t2 1 WE 23l FHE FH7t
20 plo] HEE WaE SRR 31Xt 7] denaturation
S 2A] 95°Co| A 287 Ald) gt T2 denaturationS 94°Cell 4]
20%, annealing 60°COll4] 10%, extension 72°COllA] 20%
7F BA3) cycle® Z8Y 3} final extensions 72°Col|A] 5¥-7+
A1t Swift™ MaxPro Thermal Cyclers; ESCO,
Singapore). 2 &0l AFE-E primere] FF9} HF-FA-S Table
1] 37|38+ th. Housekeeping - 2FQ] human glyceralde-
hyde-3-phosphate dehydrogenase (GAPDH)E PCR <
9] ERIE S5t ol Algsiitt. PCRYMS <& §, Wb
AY’dEEL 6x LoadingStar (DyneBio, Sungnam, Korea)
9} 430} 2% agarose geldll H7] G539 UV light 3}
o] ChemiDoc XRS (BIO-RAD Lab, Richmond, CA,
USA)E 974 G35kt

o
KR
o

2.3 FMEZ 24 (Flow Cytometry Analysis)2 S8t
Uy S7IME EX|XL &l

X Z71A|32A 7FEA E714 2 (mesenchymal  stem
cells, MSCs) #& HFA|Z}2] Stro-13}+ CD1462] W& PFS
AR EAYE o] &ate] SISkt Al W Al vl Al
EES AAE &4F 2] F<(phosphate buffered saline, PBS,
pH=72)2 F & AlH g £ trypsin®] EIUA] 22 cell

S
=

Table 1. RT-PCR and quantitative RT-PCR primers used in this study

dissociation buffer (Invitrogen, Carlsbad, CA, USA)Z M EZE
B AT} 500 g0 YAHO T SE FO AlXE HHAZ &=
THA] 1x10° cells/ml®] F5=F flow cytometry staining buffer
(eBioscence, San Diego, CA, USA)°ll Ff-A1H T 12} A
=ZX] monoclonal anti-human Stro-1 (IgM; R&D system,
Minneapolis, MN, USA)Z 5 pg/10° cells 52 ¥om
4°CoA A7 B HESAIZTE flow cytometry staining
buffer® + W A3 § 22} A ZA] R-phycoerythrin (R-PE)
o] A%E goat anti-mouse IgM (SouthernBiotech,
Birmingham, AL, USA)Z 0.1 pg/1x10%ells =2 4°CollA]
308 B9 WESAIAHTE CD1469] AH$ol= fluorescein
isothiocyanate-(FITC)7} ©|2] ZA%% anti-human CD146
(eBioscence)S 20 pl/10° cells FE2 B3 4°CollM 1417+ &
QF BRAIALE xS 12 FAIE A=kslal Wasinh. |
Mg M3EEL FACSCalibur™ Flow Cytometer (BD
Biosciences)® #33S =43199S™ FCSExpress V3
software (De Novo Software, Thornhill, ON, Canada)Z &

P BHHA,

2.4 HAXZ| MM (Immunohistochemistry)g S8 =
I W Zhdd EIIME el
Stro-19] 2] W TARYE HAZA AN S T3l =Rlst

1 =
ek, YA BAoR WA ¥ HANS 2442 F 10%

Genes Primer sequence (5'-3") Size (bp) Cycles Reference
oL CAGIOCCOTIONS o »
v o w
N §Secccaesy W w
R wos
e L acoccenTctaca
T o
ar o Loeancecaon oo
o
w s e

* quantitative RT-PCR
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SAA -

S 98l sodium citrate buffer (10 mM, pH6.0)3F 104
AA 23 F WA peroxidase S AAE7] Sl A
M 3% H0,5 1082t A2Jstsitt. vlSe] 4l whg-2
AA517] 9138t 5% bovine serum albumin (Sigma)S 30+
B XS & 12} A ZA] anti-human Stro-15 1:400°-2
s]45to] AoA] IA1ZF E 4°CollA WA e Ekde). 23
A ZA biotin®] A ¥ goat anti-mouse IgM (Vector
laboratories, Burlingame, CA, USA)S 1:1002.2 3]4 3}
307 A2oA At o] F WAl LSAB™+ Kits
(Dako Co., Carpenteria, CA, USA)S A}M&31%
Streptoavidin-HRPS 1027F A20A *g]gt & DAB
(Diaminobenzidiney 13-7F A 2]ate] WA ZITE 2 A
© 24 Gill’s hematoxylin (Sigma)< 1E7F X2|st & &
2 YIS AR FAnE o AT i)
5 12} A S A=retal Wedstdth

rlo A

PN
o
2

[¢]

B

2.5 X|LME g4 MzZ=9|
(Adipogenic and Osteogenic Differentiation)

FAZEE A2 &7] Ax AMAERS] 3} 5Y
I Az A AER E3sES Rl 9t 3-
6A Y AEE 12 well BlFE7]o] 1x10* cells/em® %=
2 YT v AEIF AL 2 2 o £33 mjAE
gepsinh xe dut wjf A S 22 dHow A
st on 3de g HY wAE weatnt

AA 22| Bal= 83l A= vlX|[a-MEM BRI 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 37
£ 102 7+ AEe § 23t FA4 wiA (a-MEM HiA]ol 10%
FBS ¥ 1% antibiotics, 10 ug/ml human insuline %7}
£ 10947F F71E AFsisnh. £3ks glstes Wy o

H=Elo
514 _|'_‘3|"IT—II:—

A 0il Red O G2 A3} Oil Red O P2 Al
EE 10% natural-buffered formalin ] 4°ColA] 3087+

s

% 0.2% Oil Red O (Sigma) &<

Il
27k AgA thg FREE ARG Fol

2 AFaA
Az P4 AER] Eale ¥3) wiA [a-MEM W]

ol 10% FBS 2 1% antibiotics, 0.1 uM dexamethasone,
2mM PB-glycerolphosphate (Sigma) % 50 uM ascorbic
acid 2-phosphate (Sigma)g H7HE 577 A sttt &
ol2 solsls o2 433l ZA-S Alizarin Red S
S F3l A3 H T Alizarin Red S G412 A X &
10% natural-buffered formalin® 7% F 2% Alizarin
Red S (pH=4.2; Sigma) &S 5&7F %

_‘?,5‘_
4827 o 2
s 40w B,

Ao - WA
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2.6 2slet HHE FTXIS| HHH qTAL SEigL A
M 9tS(Quantitative Reverse Transcription Polymerase
Chain Reaction, qRT-PCR)

ApAERe] Rslel B
proliferator-activated receptor y2 (PPARy2)%} lipoprotein
lipase (LPL) 3 %% @4 Alx=e] &s}oh Add

4291 peroxisome

A G
2121 alkaline phosphatase (ALP)?} bone sialoprotein (BSP)
o] mRNA FAFdS B4 G L ARk e=
EA1513 T Total RNAFZ 5! cDNAA = 71 71ed
RE-PCRYH 5L Agsiict. vl i S/T
7 ul, forward 2 reverse primer (10 pmolul) Z+2+ 1pl, T
H cDNA 1ul ¥ 2x SYBR Premix Ex Taq™ (Takara
Bio, Otsu, Japan) 10 plE ¥ F 20 plE vHEoH
Thermal Cycler Dice™ real time system (Takara Bio)2 =
SEZ 9 FFE AEsh $FHE2 27] denaturation
24 95°Co| A 1027+ A3t T denaturationS: 94°Coll A
5%, annealingS 60°COllA] 15%, extensionS 72°CollA] 10%
7F 453] A3} 0] F 60°CoAH 95°C7HA] dissociation 37
S A EAT) AR primere] 27L& Table 19} 7t}
T PCR A= A7195S Aldsle] thE Sold band7} W

A o= AL #1859 dissociation curve’dol] Eo)sh
peak’} $12-2 Q5T #3F A39] 7} mRNAL] A3

23 9ke] HlaE GAPDHE 7|50 dlo] 225 o] -
stk Adhs Bapd 2EAXE Jepilen 23 d
o] Al W el xjo]E SPSS (version 17.0; Chicago,
IL, USA) Z=2738 ©]83}d Wilcoxon signed rank test
(p<0.05)Z FA A3tk

24
=

3.

1}

3.1 RXZFE LRI (Primary Culture from
Deciduous Teeth)

Mg Al 2" fAe) 2Rk AFAY 2 oA
HE 340 AU A EZ7F Aghte ) Azeged, 2}

- TR
BN
: o

w

Figure 1. Morphology of stem cells obtained from deciduous
teeth: (A) deciduous dental pulp stem cells (DDPSCs) and (B)
deciduous periodontal ligament stem cells (DPDLSCs). Original
magnification: x40.
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Figure 2. Expression of genes associated with embryonic stem
cells (Oct-4 and Nanog) and ectomesenchymal stem cells (Nes-
tin) in DDPSCs and DPDLSCs. (A) RT-PCR gels (B) Relative
expression.
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Figure 3. Flow cytometry analysis of mesenchymal stem cell
markers (Stro-1 and CD146) in DDPSCs and DPDLSCs.

3.2 RT-PCR
£y wjde f3 E71AEAAM 2EEL = mRNA

£ RT-PCREZ #43 A3} ES cell EAAG] Oct-4 ¥
NanogZ7} 5% @& =l on 3k EMSCs ¥AAIR] Nestin
o] F M EFolA BT I = YthFig 2).

3.3 FME EM(Flow Cytometry Analysis)

2 Z7IHEZANA Stro-13+ CD1462] T YFS A4

EAWE ol&sto] gelstidtt. F AlEeA Stro-1
7 CDl46 BF Uglo] Hi UeH Stro-1 Hrths
CD1469] &l Fe] o Bkrh F AlEE 7hel] ARbA<Ql
T Fele HlaE fAksAl Wb THFig 3).

B

3.4 9 xZ A M (Immunohistochemistry)

Stro-19] 24 W] dA¢YS AGZAGAS Fal <l
31T}, Stro-1 FAARE M O}RA) I (cementoblast)Zo|LF A
O}EA| 3 (odontoblastys 2= HojxA] EAlsidon da
ol B2 A A ZD N (cell-rich zone)oll ] s

SRS
B f

n’

A A I 2 =3
B e Mkﬁk-\\ab«) 3§

Figure 4. Immunohistochemical staining of Stro-1 marker (arrows) in the deciduous teeth. (A) Negative control, (B) dental pulp; (C)
periodontal ligament (scale bars: 100 um). D, dentin; C, cementum.

579



( A) Control medium Adipogenic medium
a b
DDPSCs .
d e ,
DPDLSCs oty
(B) °] EEEE DPDLSCs H
£ | ZZIpppscs
w
@
2
=
L
=
&
L
2 2]
-
=
@
2 7 }H 7
Days 0 20 0 20
PPARYy2 LPL

Figure 5. Adipogenic differentiation of DDPSCs and DPDLSCs.
(A) Oil red O staining after 20 days of culture in adipogenic dif-
ferentiation medium (b,c,e, and f) or control medium (a and d).
Original magnifications: a and d, x100; b and e, x50; ¢ and f:
x200. (B) Changes in the expressions of peroxisome proliferator-
activated receptor y2 (PPARY2) and lipoprotein lipase (LPL) after
adipogenic differentiation. * p < 0.05, Wilcoxon signed rank test.

A THFig 4).

3.5 XgMz= Y MzE=o
(Adipogenic and Osteogenic Differentiation)

7 /AT APAE Y A2 Py AT B
st Alastehs] At g4 RT-PCRE &elskiT.
Oil red O HA Az AA|E=0] 37} #&AF) oY 1
S w2 At A%A REPCR 24 A7 238 A

Rimb |

= =]
TR CE S 2aRE

5L =
=

71A] ek ol Hlte] #3515 A7l Al PPARy2¢}H LPL
o] W&ol F7kgk o] Az ThFig 5).

AZZA A AlETR HI= Alizarin red S 9L &
& B o AAERSY B3lHc) o 2 dojute Zo| &
A5tk A RT-PCR £4 A 1315 A7)|A] &
of Hsle] {315 A7l oA ALP 2 BSPe] o] A
A S7kskE Aol #EE AHFig 6).

4. 11 &t
AFEe] Hol= f§X&F 7 T 7 FRE A

580

SR - BARL - AT
(A) Control medium Osteogenic medium
DDPSCs

DPDLSCs

(B)

I DPDLSCs
/] DDPSCs

10

Relative Gene Expression

0

0 14 28 14 28

ALP

Days

BSP

Figure 6. Osteogenic differentiation of DDPSCs and DPDLSCs.
(A) Alizarin red S staining after 5 weeks of culture in osteogenic
differentiation medium (b and d) or control medium (a and c).
Original magnification: x100. (B) Changes in the expressions of
alkaline phosphatase (ALP) and bone sialoprotein (BSP) during
osteogenic differentiation. * p <0.05, Wilcoxon signed rank test.
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Ao &7

FolM FE A 27] 794 VAT FARE &

H7 Stro-17%3} A FE2 RFY o) BEtE Al Eo)

A 2 F»lﬂ% 734 27N E ZXAZ 487 D467

Yol ZAw FEAT). olE FAE FTR9} o] X5
_"

SF 25U 5—@0] QA 57+ (ectomesenchyme)oll A

el

e AEZEZRE WA g 2 EXS KT
AE AoE ogARG?

2 A E FAE B4 A9 A5 S7IAE
(DDPSCs)¢t #]F<elth Z7]4 E(DPDLSCs)Z+ll Stro-12]
kol Qloja] 2k7ke] 210](51.7% vs. 80.4%)5 F&SE 4
ARET XFIt) =74 Z(DPDLSCs)ollA] B}t o #32
HATE ol A AW =71 E(PDLSCyF A5 71
9 Z71AEZDPSC)ET AEFAEo] ¥ 144 =
7N EFe] SAAA F 2 dEA deH Stro-1 B
CD146S sl AlZellA F7 ¥aiar 42 colony
forming unit (CFU)o] T @or’ A B3 A #d #
A 2K Osteocalcin, Runx2 2 ALP¥)9] w&o] Wt} &}
£ B3P ulg Polshs Zlor Helth 28y F A
E 7Hl Stro-19] o] & polr}b flom:F D146
2318 DPSCIAM Y Be] yehdths 2% 3%l
CmERA X oh 2SI ) E7IAIE el BA A}
W oFdoly Z7|M 2Tl glojA] ojH Zjo)zf
Fx9] Afole oAueA] F o gl & 287t A
Aoz Holth 3H Stro-19] LHEE AE2| H]Eo]
2op AH F7H EAA vER= HIE(SHED: 9.6%,
DPSC: 5-10%, SCAP: >18%, PDLSC: 3-27%)"!%3*355
o v A Lol HA ol A B F2F
N 2 Z7|MEA =2 IdS HATha A 46‘
Aoy AFzAL] theFdo|L} explants culture™
F Ao 9% ey

o)X=
AT

=
-

SLogle X 1o TLorlo B [

% A

Ey 9}1\01 = 1}1 01;7]_ e

T

29 2 Z714 E(DDPSCs)2t X|Felt) Z71AH %
(DPDLSCs)= H| = X*% Fol7le SHARE AWAERZ
sk e AxAg sk MER] E3le
oyttt A HMLEA fﬁw AxAE At Alx=e]
AL 2 FE7t L

hvA
1=}
Rim
Q)
=

p

3Rt & dojuA] A Kole
)bl—o].ﬁo]],], \111101—21 jQ_ .T'_J—r,} 7L9_ 1% /@H o}_ /\ﬂ
0]7] WEo Row =HT 2= Aol & A9
Az stel AAF A3 Stro-18 Edst= A7 £31E
FRA U WotRA 2 5E "oz Xt oA
22 olu 2x4& Adske A= E3kd 5 e
= HoM= t}?

HOoRHY AEE dab wjgshe WHdle aaAd
H(enzymic disaggregation), =2]% ¥2(mechanical
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o
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o
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14 X (Stem Cells from Deciduous Teeth)

culture & 24 A A2 v vl Pl G A2
T ME7F AL EE gt Wolth o] W] A
e HIE AIZR Bl AgARt By 4% AEaE o
< T U3 2o AL el FYsiH HES =Y T
Ae Aol Aol & F Uk 53] Ao FFHEIL U
= FA AFAd 279 A9 2 Fol AL F Hol
7] izl o] W] o3t M 2] EE7t Bt f
g Ao F2 AAZKY. it Aoki A A g
ol &) ENHMEES doj groyb' 3 A explants
culture & 2 & E7\AE7 FAEC] AL 2

gaths Bt o) HE 2
Edo] ofgA thEX] tis)
Ao AtgEch

SHEZS] E3lol| B}
2ol 2 F7|A 29
49 %2 AW 2eE

AEA SR B AFe B FA19] A5et AT =R Y
BAE7IHNEE explantsH O E F2] vigfste] 7142 &
H A AKHOct-4, Nanog, Nestin, Stro-1, CD146)2] &
A2} AxA o2 13} 7hs/ds Ik gk
oFZ7MAEE Bl 83k Hl oA FA9] AE F
A F AR 48 F U A 23S &8 TFsslith
= A3 53] §x¢ X] eltollN HxE B3 7153 =
Atk dol gJejgtar & & S Aol FF
FAM D& Z7 A2 2AFslMe] S-87FsA 2 9
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