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——Abstract

Characterization of Differentiation of the Supernumerary Dental Pulp Stem Cells toward
the Odontoblast by Application Period of Additives

Jongsoo Kim

Department of Pediatric Dentistry, School of Dentistry, Dankook University

The aim of this study was to investigate the possibility of the supernumerary teeth for the stem cell source in
dentistry. The Real Time Quantitative Reverse Transcription Polymerase Chain Reaction (Real Time qRT-PCR)
method was used to evaluate the differentiation toward the odontoblast of the supernumerary dental pulp stem
cells (sDPSCs).

Supernumerary dental pulp stem cells were obtained from 3 children (2 males and 1 female, age 7 to 9) diag-
nosed that the eruption of permanent teeth was disturbed by supernumerary teeth.

The common genes for odontoblasts are alkaline phosphatase (ALP), osteocalcin (OC), osteonectin (ON),
dentin matrix acidic phosphoprotein 1 (DMP-1), dentin sialophosphoprotein (DSPP). The sDPSCs were treated
for O days, 8 days and 14 days with additives and then Real Time gRT-PCR was performed in intervals of 0
days, 8 days and 14 days.

The alizarin—red solution staining was performed to visualize the stained color for the degree of calcification at
7 days, 14 days, 21 days and 28 days after treating additives to the sDPSCs.

From the result of the Real Time gRT-PCR, the manifestation exhibit maximum value at 8 days after additive
treatment and shifted to a decrease trend at 14 days.

Alizarin-red solution staining exhibit light results at 7 days after staining and generalized dark result at 14
days.

Consequently, in studies with sDPSCs, appropriate treatment time of additives for Real Time gRT-PCR is 8

days. Also, a suitable period of Alizarin-red solution staining is 14 days.
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1. }AXZ22E LAEIZ (Primary Culture from
Deciduous Teeth)
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wj k2 Enzymatic digestion < ] &3ttt dojxl 27&
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cillin and 100 #g/ml of streptomycin (Gibco BRL), 2 mM
L-glutamine (Gibco BRL), 10 mM L-ascorbic acid
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(FBS: Gibco, Life Technologies Corporation, Carlsbad,
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mg/mL9] Type I collagenase (Sigma-Aldrich Co., St.
Louis, M.O., USA) & 4 mg/mL ¢ Dispase (Sigma-
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Aldrich Co., St. Louis, M.O., USA) Ao

T 37T, Shaking incubatorell 143t B<F Fof AXE
E2)3l= Enzymatic digestion WS 283199t}

olT Td AZE 47| #3 70 um Falcon strainer
(CORNING Inc., N.Y., USA)Z A& F HE 5 wx}L A
ZE a-MEM (Gibco BRL, Grand Island, NY, USA) %]
o] 20% FBS (Gibco, Life Technologies Corporation,
Carlsbad, Calif., USA), 100 U/ml penicillin , 100 wgg/ml
streptomycin (Gibco BRL), 2 mM L-glutamine (Gibco
BRL) Z28]a 10 mM L-ascorbic acid (Sigma, St. Louis,
MO, USA)E H7FE A& o83t 37¢C, 5% CO. 5& &
2714 7Lz wjekslith. wiAl= 48417 FHE] wAE]
AlFFste] 2 - 3] gk WA vl om ulokgr]el| F2hE |
v FrEs WA wA Al A AUt 8719 vt
d AE7} 80%E AA S A=E T3P 22 )
Trypsin*EDTA (CORNING Inc., N.Y., USA)Z AX& &

tES

A F 1/4% vhrel L oz 2A kA w et
CS:ILTEH]E O}N\Tjﬂ
2. 4x% ¥4 MEz=2o 3153 BE(Osteogenic

Differentiation)

| AR E71M2e] ERAERY B EE Ut
el sk wjA|o] wjekete] 2A|tHE] A2 E SIS

A7 AEEL 719 vl B2E A7} 80%E A
g AR e 22PS o TEE FEs] A, o
MEM (Gibco, LifeTechnologies, Grand Island, N.Y.,
USA)9l 10% fetal bovine serum (FBS: Gibco, Life
Technologies Corporation, Carlsbad, Calif., USA)3} 5
mM B-glycerophosphate (Sigma-Aldrich Co., St. Louis,
M.O., USA), 100 nM Dexamethasone (Sigma-Aldrich
Co., St. Louis, M.O., USA) 2] 100 #M Ascorbic acid
(Sigma-Aldrich Co., St. Louis, M.O., USA)E £3t5te] A
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Sigma-Aldrich Co., St. Louis, M.O., USA) 2.2 583t &4
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3. Total RNAS| == % cDNA &d

Total RNAE Easy-spin total RNA extraction Kit
(iNtRON Biotechnology, Gyeonggi-do, Korea)ZE Al-&3}d
Al&aFSTE o] % Total RNAS] & &5 913 Nanodrop ND-
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2000® (Thermo Scientific, Waltham, MA, USA) &34 =

AE AH-SEATE cDNAS 5 918l 2H2+¢] total RNA 1
ug< oligo (dT) 15 primerE &3t qPCR RT Master Mix
kit (TOYOBO Co., Osaka, Japan)dl ¥ Nuclenasefree

water® 490] & 20 U W=, 65T 5E, 4CoA] HE

), 5ol 5EE WA,
3. AA|ZF MEA AMAL SEEA A2 (Real Time

Quantitative Reverse Transcription Polymerase
Chain Reaction, Real Time gRT-PCR)

48 9a AFgE ARl ZH2E ALP, OC, ON, DMP-1,
DSPPolH, &3} 71%2] 7} mRNAS] 44 2d o] vl
glyceraldehyde 3-phosphate dehydrogenase (GAPDH)
7102 BAETE cDNAYL 25 ngol S| =5 daSH

ol &3l s|Mstn WAL forward 2 reverse primer
(10 pmol/#) ZZt 0.5 w4, 9+ 2x SYBR Premix Ex Taq™
(BiO*Rad Laboratories, Hercules, C.A., USA) 5 4 ¥

ZF 10 ME =AM, StepOnePlus™ Real Time PCR
(AB Applied Biosystems by life Technology, Waltham,
M.A., USA)C= FZ 2 FF& AT 52 =
7] denaturations 954 20%, annealinge 2 =] 2] A|
o] AA & 18, % 40 cycle A3fstar, o] F 65TAA
957k dissociation 8 &l melting curve A% 3

7l A3t Melting curve”l 32| peak@ WobA], © 3}
el PCR product’} BHE0] A= A& AFATh AMH-g
primer®] Z7-& Table 19 2t} AE+= StepOnePlus™
(AB Applied Biosystems by life Technology, Waltham,
M.A., USA)E °]-& 433t
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Table 1. Real Time qantitative RT-PCR primer sequences used in this study

4. EAE4 (Statistical Analysis)

Real Time qRT-PCR #4& 7} #wir} 7zt 3314 Al
dto] Py} XFUAR A& 2 mRNAS] oA 3
64‘*4 HWE GAPDHE 7|30z 3l 2-°“CTHS o] 43}

2 58l A2 7174 2 dul A0 mRNA Zd e 2}

]—c SPSS (Version 17.0: Chicago, IL, USA) Z2Ia35

o] &3t] Kruskal-Wallis ¥4 & Al859 1, Mann-
Whitney U testZ sl 717t 7be] BAA fe JX}g As319

THp < 0.05).

1. AR 25 E LXEIL(Primary Culture from Super-
numerary Teeth)

wloF & 3 - 4%0] AUH x| X5z RE de 2
oA A2} At o] AlAeon, Aghue AEE %
a7 el WFdolAY 2 AFRAE} frAe FE

=S Bz
1.

WS 7 AL SAste el dEE AT (Fig.

PAES

2. 4=2 ¥o M=22| F5HOsteogenic Differentiation)

Alizarin Red SZ A H3)sl 24& A% 23 7Y

A A 714 2AM A2 B9 AERe] Z3) 8YA
ol gnletAl A7) AlFFstolA, 14dell= S A4 &
S Btk o] F 21 3 2894714 BE3 A3t v & 2
dAo] B Fdol #EHUTH(Fig. 2).

Gene Sequence of Primer (5'- 3") Annealing Temp (C)

GAPDH forward GGAGTCCACTGGCGTCTTCAC 57
reverse GCTGATGATCTTGAG GCTGTTGTC

ALP forward CTTGACCTCCTCG GAAGACACTC 60
reverse CGCCCACCAC CTTGTAGCC

oC forward CCTCA CACTCCTCGCCCTATTG 57
reverse CGCTG CCCTCCTGCTTGG

ON forward AGGAG GTGGTGGCGGAAAATC 55
reverse GTGG CAAAGAAGTGGCAGGAAG

DMP-1 forward CA GGAAGAGGTGGTGAGTGAGTC 63
reverse CTG GATTCGCTGTCTGCTTGC

DSPP forward CAG TACAGGATGAGTTAAATGCCAGTG 64

Treverse

CCATTCCCTTCTCCCTTGTGACC

(GAPDH: glyceraldehyde 3-phosphate dehydrogenase, ALP: alkaline phosphatase, OC: Osteocalcin, ON: Osteonectin, DMP-1: dentin matrix acidic phos-

phoprotein 1, DSPP: dentin sialophosphoprotein)
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Fig. 1. Morphology of stem cells obtained from supernumerary teeth:
supernumerary dental pulp stem cells (SDPSCs). Original magnification:
%100, Scale bar: 100 ym.
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Fig. 2. Osteogenic differentiation of the sSPDLSCs and BMMSCs.
Alizarin Red S staining after 5 weeks of culture in osteogenic differentia-
tion medium and control medium.
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Fig. 3. Osteogenic differentiation of the SDPSCs. Real Time Quantitative RT-PCR analysis revealed the changes in alkaline phosphatase (ALP), osteocalcin
(OC), osteonectin (ON), dentin matrix acidic phosphoprotein 1 (DMP-1), dentin sialophosphoprotein (DSPP) relative gene expression at 0, 8, and 14 days

of culture under osteogenic stimuli (*: p<0.05).

3. AAZE M2 AMAL FERED AMLES(Real Time
Quantitative Reverse Transcription Polymerase
Chain Reaction, Real Time gRT-PCR)

Real Time gRT-PCR &4} 23} #3}
ALP, OC, ON, DMP-1 ¥ DSSP &&
ALP,OC,ON,DMPﬂﬁlﬁ
6}47} 149 T sk

A|Zto] —4lﬂﬂ*%ﬁ%%l
B9 (Fig. 3).
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vkt A wojet 2ol #et mal

E AFo B AyRopA SVAE TFLeEN HYR Y &8 7S dolE Al Real Time Quantitative
Reverse Transcription Polymerase Chain Reaction (Real Time gRT-PCR)¥ & o]-&3lo] &X® x| X F2f =
71A E (supernumerary dental pulp stem cells, sDPSCs) 2% “FolRA L2 o] Fsloj .5 3| B Zo|n)

ol& 93 JolRAEe] EAQ FHJAAZ &3] alkaline phosphatase (ALP), osteocalcin (OC), osteonectin
(ON), dentin matrix acidic phosphoprotein 1 (DMP-1) 18] dentin sialophosphoprotein(DSPP)¢] &2 #3514
A F0d, 8¢ z2lx 1444 717}t Real Time qRT-PCR H< Faf A2 mRNAS] #d kS vl wsle] W3l o
’3& dobE Ut 3 Alizarin-red solution 2 841 53 sDPSCs7l £3H4] X2] 74, 14, 219 22|31 28U A< A
33} 24 & FHske s AlAH oz 18] Hek

Real Time qRT-PCR ZAZ} #3k4] Ag] 8UA o 71 w2 Td &g Kooyt 1497dl| fHaste A4S Uehlile
™, Alizarin-red solution @4 A3+ 7T4AFH s Yefutirt 14941 = wiA] MRkl 24 Z84A GAas = &
= Byt

utebd | sDPSCsE o] 43 AolA Real Time qRT-PCRES &k &34l Azl 717+ 8Y =7 A3,
Alizarin-red solution G4]-& 14do] A3 Ao 2 AlgHT},
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