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— Abstract

The purpose of this study is to compare the properties of dental pulp and periodontal ligament stem cells from
extracted supernumerary teeth by quantitative real-time PCR.

Impacted supernumerary teeth in the maxillary anterior region were extracted. Dental pulp and periodontal ligament
cells were collected from extracted supernumerary teeth on the same day. After isolation and culture of cells, compare
characterization of them by using gRT-PCR. Primer sequences for odontoblasts are ONT, ALR OCN, DMP-1 and DSPP.

On dental pulp group, ONT has the largest quantity of gene expression, followed by OCN, ALR DMP-1 and DSPP. On
periodontal ligament group, ONT has the largest quantity of gene expression, followed by OCN, ALP, DSPP and DMP-
1. Analysis of quantitative gene expression data using relative quantification showed that the expression of all genes
decreased in periodontal ligament cells.

Dental pulp and periodontal ligament stem cells from supernumerary teeth have the properties of odontoblasts.
Considering that properties, supernumerary teeth were considered a useful donor site of dental pulp and periodontal
ligament stem cells.
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Fig. 1. The mean value of the difference between target

gene and housekeeping gene of Pulp and PDL.

Gene Sequence of Primer (5'- 3 Annealing Temperature (°C)

GAPDH forward GGAGTCCACTGGCGTCTTCAC 57
reverse GCTGATGATCTTGAG GCTGTTGTC

ALP forward CTTGACCTCCTCG GAAGACACTC 60
reverse CGCCCACCAC CTTGTAGCC

OCcN forward CCTCA CACTCCTCGCCCTATTG 57
reverse CGCTG CCCTCCTGCTTGG

ONT forward AGGAG GTGGTGGCGGAAAATC 65
reverse GTGG CAAAGAAGTGGCAGGAAG
forward CA GGAAGAGGTGGTGAGTGAGTC

PMP-1 reverse CTG GATTCGCTGTCTGCTTGC 63

DSPP forward CAG TACAGGATGAGTTAAATGCCAGTG ”
reverse CCATTCCCTTCTCCCTTGTGACC

GAPDH: glyceraldehyde 3-phosphate dehydrogenase, ALP: alkaline phosphatase, OCN: Osteocalcin, ONT: Osteonectin, DMP-1: dentin matrix acidic phos-

phoprotein 1, DSPP: dentin sialophosphoprotein
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Fig. 2. The fold change in expression of the target gene (ALP,
OCN, ONT, DMP-1, and DSPP) of PDL relative to Pulp.
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Table 2. The mean value of the difference between target gene and housekeeping gene of Pulp and PDL

ALP OCN ONT DMP-1 DSPP
Pulp 6.73 £ 116 6.47 £ 044 -0.05 + 1.63 817 £ 021 1210 + 0.21
PDL 1240 + 0.84 9.65 + 1.24 461 +1.08 12.89 + 1.07 12.73 £ 0.75

Table 3. The order of relative amount of mRNA expression in real-time PCR

1 2 3 4 5
Pulp ONT OCN ALP DMP-1 DSPP
PDL ONT OCN ALP DSPP DMP-1

Table 4. The fold change in expression of the target gene (ALP, OCN, ONT, DMP-1, and DSPP) of PDL relative to Pulp

ALP OCN ONT DMP-1 DSPP
PDL 0.02 0.11 0.04 0.04 0.65

Table 5. The order of amount of the fold change in expression of the target gene (ALP, OCN, ONT, DMP-1, and DSPP) of PDL relative to Pulp

1 2 3 4 5
PDL DSPP OCN ONT DMP-1 ALP
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V.4 B
Of 7= THYX| X|= M= S X|Z=QICH M= 2| X}0|E 2Ot
B X} gRT-PCRE ALESI0] RTAL Lo HEE H| WAL
DPAX] K= A X[FOIC| MZ RF HOHEREMEZS EHE &
Ol= AS =olg &= JUALE
THRIA| |2 MZEOJAS ONTZ} 7}& Gto| Etsig|9iony, of
202 OCN, ALP DMP-1, DSPP & A{QIC}. TpQUK| X|Z=QITh A

ZOIAM A| ONT7} 7R

ro| L& £ O, DMP-11} DSPPO)
ST YL E3 BE

0| &
O X

=M
1+O}
S M

HAH= K| MZO|A X|FQlCH
MEZECH SEX; Yodo| UM, K| MO CHa x50l
O M| ZZOf| A DSPPO| ATHZFO| 7+ BEULE
olz{st AOtHBMZO| EME Tafe] EYS M, Ct2 XX
29| 23} 7t5d0| Je AKX E7|MEE FET SOREE
M ETEO| A8 S L 5 UACH
References

1.Irma Thesleff, Pekka Nieminent : Tooth morphogenesis and
cell differentiation. Current Qpinion in Cell Biology; 8:844-
850, 1996.

2.Ruch JV : Odontoblast Differentiation and the Formation of
the Odontoblast Layer. / Dent Res, 64:489-498, 1985.

3.Couve E, Osorio R, Schmachtenberg O : The Amazing
Odontoblast: Activity, Autophagy, and Aging. / Dent Res,
92:765-772, 2013.

4. Sasaki T, Garant PR : Structure and Organization of Odon-
toblasts. Anat Rec, 245:235-249, 1996.

5. Papagerakis P, Berdal A, Macdougall M, et a/. : Investigation
of Osteocalcin, Osteonectin, and Dentin Sialophosphopro-
tein in Developing Human Teeth. Bone 30:377-385, 2002.

6. Asaumi JI, Shibata Y, Kishi K, et a/ : Radiographic examina-
tion of mesiodens and their associated complications. Den-
tomaxillofac Radiol 33:125-127, 2004.

7.0mer RS, Anthonappa RP, King NM : Determination of the
optimum time for surgical removal of unerupted anterior
supernumerary teeth. Pediiatr Dent 32:14-20, 2010.

8.Huang GT, Gronthos S, Shi S : Mesenchymal Stem Cells
Derived from Dental Tissues vs. Those from Other Sources:
Their Biology and Role in Regenerative Medicine. / Dent
Res, 88:792-806, 2009.

9.Ulmer FL, Winkel A, Kohorst P, Stiesch M : Stem Cells -
Prospects in Dentistry. Schweiz Monatsschr Zahnmed, 120:



J Korean Acad Pediatr Dent 45(2) 2018

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

860-883, 2010.

Gronthos S, Brahim J, Gehron Robey P, et a/ : Stem Cell
Properties of Human Dental Pulp Stem Cells. / Dent Res,
81:531-535, 2002.

Seo BM, Miura M, Shi S, et a/. : Investigation of multipotent
postnatal stem cells from human periodontal ligament.
Lancet, 364:149-155, 2004.

Song JS, Kim SH, Jung HS, et a/. : Characterization of Stem
Cells Obtained from the Dental Pulp and Periodontal Liga-
ment of Deciduous Teeth. 7issue £ng Regen Med, 7:575-
582, 2010.

Livak KJ, Schmittgen TD : Analysis of Relative Gene Expres-
sion Data Using Real-Time Quantitative PCR and the 2-A
ACT Method. Methods, 25:402-408, 2001.

Gadkar VJ, Filion M : New Developments in Quantitative
Real-time Polymerase Chain Reaction Technology. Curr Is-
sues Mol Bio 16:1-6, 2014.

Shih WY, Hsieh CY, Tsai TP : Clinical evaluation of the tim-
ing of mesiodens removal. / Chin Med Assoc, 79:345-350,
2016.

Russell KA, Folwarczna MA : Mesiodens - Diagnosis and
Management of a Common Supernumerary Tooth. / Can
Dent Assoc 69:362-366, 2003.

Arana-Chavez VE, Massa LF : Odontoblasts: the cells
forming and maintaining dentine. /nt J Biochem Cell Biol,
36:1367-1373, 2004.

Couve E : Ultrastructural changes during the life cycle of
human odontoblasts. Arch Oral Bio/ 31:643-651, 1986.
Goldberg M, Kulkarni AB, Young M, Boskey A : Dentin:
Structure, Composition and Mineralization. Front Biosci,
3:711-735, 2011.

Begue-Kirn C, Smith AJ, Lesot H, ef a/ : Comparative analy-
sis of TGFBs, BMPs, IGF1, msxs, fibronectin, osteonectin
and bone sialoprotein gene expression during normal and
in vitro-induced odontoblast differentiation. /nt / Dev Biol,
38:405-420, 1994.

Termine JD, Kleinman HK, Martin GR, et a/ : Osteonectin,
A Bone-Specific Protein Linking Mineral to Collagen. Ce/,
26:99-105, 1981.

Abd-Elmeguid A, Abdeldayem M, Yu DC, ef a/. : Osteocal-
cin Expression in Pulp Inflammation. / £ndod, 39:865-872,
2013.

Beertsen W, Van den Bos T : Alkaline Phosphatase Induces
the Deposition of Calcified Layers in Relation to Dentin: An
in vitro Study to Mimic the Formation of Afibrillar Acellular

248

24.

25.

26.

27.

28.

29.

30.

Cementum. / Dens Res, 70:176-181, 1991.

Shiba H, Nakanishi K, Kurihara H, et a/ : Proliferative Ability
and Alkaline Phosphatase Activity with In Vivo Cellular Ag-
ing in Human Pulp Cells. / £ndod, 29:9-11, 2003.

Park JH, Song JS, Lee JH, et a/. : Characteristics of Stem
Cells Derived from the Periodontal Ligament of Supernu-
merary Teeth. 7issue Eng Regen Med, 8:123-131, 2011.
Jacob A, Zhang Y, George A : Transcriptional regulation of
dentin matrix protein 1 (DMP1) in odontoblasts and osteo-
blasts. Connect Tissue Res, 55:107-112, 2014.

Alessandra T, Viviana S, Alessandra RJ, et a/. : Distribution
of DMP-1 and DSPP in human carious dentin: an immu-
nohistochemical analysis. /falian J Anat Embryol, 116:192,
2011.

Suzuki S, Haruyama N, Nishimura F, Kulkarni AB : Dentin
sialophosphoprotein and dentin matrix protein-1: Two
highly phosphorylated proteins in mineralized tissues. Arc
Oral Bio/ 57:1165-1175, 2012.

Kamata N, Fujimoto R, Yasumoto S, ef a/ : Immortalization
of human dental papilla, dental pulp, periodontal ligament
cells and gingival fibroblasts by telomerase reverse tran-
scriptase. / Oral Pathol Med, 33:417-423, 2004.

Hyoun S, Park SH, Choi GW : The Comparison of Gene
Expression from Human Dental Pulp Cells and Periodontal
Ligament cells. Restor Dent Fndod, 34:430-441, 2009.



J Korean Acad Pediatr Dent 45(2) 2018

28%=
(@) AL i1 = I o HIS:
WYK| K| M ZLF X[ZF=QIC] M|Zo| FTA & H|
oM . ABY . UBS
EFRYSLE A TS 0P S

O] @iTo] BRe HH AAIZH ETEA QIaf BHSHES 0|R310) WHE TAX| A4 D K|FAUC) F7| MmO SHAL LS b
ush= Z40|Ct
HAIM20| gl O 64 HHOf 2Ol Aot FX|H0| Dj2E MAK|S LHBYCE 2 Y K4 U AT MEES KASUD, 3

ACH7ER] A CHEf S RCE 242 ?I3] JOHEEMZE

E0| §H X2l Alkaline phosphatase (ALP), Dentin Matrix Protein 1 (DMP-1),
Dentin sialophosphoprotein (DSPP), Osteocalcin (OCN) 12|11 Osteonectin (ONT)& A2 1, glyceraldehyde 3-phosphate dehy-
drogenase (GAPDH)S CHEZO 2 MA3UCE

FUKX] X[~ MZOAM= ONT, OCN, ALP, DMP-1, DSPP =X 2 2fsi2k0| BiQt, X|FQICH M| Z 0 A= DMP-11} DSPP2| #=A{ 2t Hf
HRACE K|ZF=QIL] MZELH X4 MZO|M 2= FEAS| Loigo| RERAL,.

Ol2ist YOLEZM S| SEdS nofolf E&ts W, BHE =229 E3t 7t5d0| Us

A0l YBS L + UYL

PR E7MEE RES SOF2EAM 1

I-_I

249



