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Isolation and characterization of human dental tissue-derived stem cells in the impacted wisdom
teeth: comparison of dental follicle, dental pulp, and root apical papilla-derived cells

Jung-Ho Song*, Bong-Wook Park?, June-Ho Byun?, Eun-Ju Kang?,
Gyu-Jin Rho®, Sang-Hun Shin?, Uk-Kyu Kim?, Jong-Ryoul Kim?*
'Department of Oral and Maxillofacial Surgery, School of Dentistry, Pusan National University, Yangsan, Korea
’Department Oral and Maxillofacial Surgery, School of Medicine and Institute of Health Science, *College of Veterinary Medicine,
Gyeongsang National University, Jinju, Korea

Introduction: The first aim of this study was to isolate the dental tissue-derived stem cells from the dental follicle (DF), dental paiml (DB)

apical papilla (RAP) of the extracted wisdom teeth. Second was to evaluate their characterization with the expressicristiofhtfaotrs and cell

surface markers. Finally, their ability of threvitro multi-lineage differentiations into osteogenic and adipogenic cells were compared, respectively.
Materials and Methods: Dental tissues, including dental follicle, dental pulp, and root apical papilla, were separated in the extracted wisdom teeth.
These three dental tissues were cultured in Dulbscomdified Eagles medium (DMEM) with supplements, respectively. After passage 3, the
homogeneous shaped dental tissue-derived cells were analyzed the expression of transcription factors (Oct-4, NanograhdeBax#aee mark-

ers (CD44, CD90 and CD105) with reverse transcription polymerase chain reaction (RT-PCR) and fluorescence-activategl ¢eNG8jtemaly-

sis. In order to evaluaia vitro multi-lineage differentiations, the culture media were changed to the osteogenic and adipogenic induction mediums
when the dental tissue-derived cells reached to passage 3. The characteristics of these three dental tissue-derivedropbsedenéth immuno-
histochemistry.

Results: During primary culture, heterogenous and colony formatted dental tissue-derived cells were observed in the culture plzesagéte

or 3, homogenous spindle-like cells were observed in all culture plates. Transcription factors and mesenchymal stemsceleragpksitively
observed in all three types of dental tissue-derived cells. However, the quantity of expressed transcription factorsawggesimBatP-derived cells.

In all three types of dental tissue-derived cells, osteogenic and adipogenic differentiations were observed after trgaécigatimduction media.

In vitro adipogenic differentiation was similar among these three types oflneliéro osteogenic differentiation was most strongly and frequently
observed in the RAP-derived cells, whereas rarely osteogenic differentiation was observed in the DP-derived cells.

Conclusion: These findings suggest that three types of human dental tissue-derived cells from extracted wisdom teeth were multipdignt mesen
mal stem cells, have the properties of multi-lineage differentiations. Especially, stem cells from root apical papilla 48€ARch advantage in
osteogenic differentiation, whereas dental follicle cells (DFCs) have a characteristic of easy adipogenic differentiation.

Key words: Human dental tissue-derived stem cells, Dental pulp stem cells (DPSCs), Dental follicle cells (DFCs), Stem cells froml pagiiepic
(SCAP), Mesenchymal stem cells (MSCs)
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CA, USA)S o] £ 314 total RNAZ %312, PCREZZS
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Reverse Transcription Kit (Qiages) ¢] £ &}« 55C o] A] 30
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1o vept 9L

Table 1. RT-PCR primers used for evaluating transcription factors in dental tissue-derived stem cells

Gene Sequence of primer (3') Amplification size Tm ) Locous
GAPDH F - GAGTCAACGGATTTGGTCGT 238 60 AB062273
R - TTGATTTTGGAGGGATCTCG
04-Oct F - GATCCTCGGACCTGGCTAAG 213 60 AMB51115
R - GACTCCTGCTTCACCCTCAG
F - CAAA AAACAA ACTT
Nanog c cee CAACCCAC 218 60 AB093576
R - TCTGGAACCAGGTCTTCACC
Sox-2 F - TCACGTACACTGCCCTGAAG 175 60 731560

R - TGCAACGGATTGTGTTGTTT

(RT-PCR: reverse transcription polymerase chain reaction, GAPDH: glyceraldehyde-3-phosphate dehydrogenase)
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Fig. 1. A. Schematic illustrations of dental pulp (DP), root apical papilla (RAP), and dental follicle (DF) in the extracted
impacted wisdom tooth. B. Photograph of the obtained dental tissues after treatment of mechanical dissociation and enzyme
(collagenase |) digestion.(Pa: root apical papilla tissue, F: dental follicle tissue, Pu: dental pulp tissue)

DF, x 200 DF, x40

RAP, x 200 RAP, x40 Day 10

DP, x200  Day1 [NELIREREN Day 10

Fig. 2. Isolation and primary culture of dental tissue-derived cells. Microphotographs of dental follicle-derived cells (DF), root
apical papilla-derived cells (RAP), and dental pulp-derived cells (DP) at 1st and 10th days later of primary culture (passage
0). At 1st day of primary culture, round shaped unattached floating primary cells were rarely observed in the culture media.
When the culturing cells reached nearly 70-80% confluence of primary culture (10th day of primary culture), remarkably
increased cell number and irregular heterogeneous shaped dental tissue-derived cells were observed. In this primary culture
period, there are no definitely morphological differences between these three dental tissue-derived cells.
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Day 1 Day 3 Day6 Day 9

TR

Fig. 3. Sequential cell proliferations of the third passaged dental tissue-derived cells. (original magnification x100) RAP-
derived cells showed the most prominent proliferation rate, especially between 3rd and 6th days of subculture, there is
remarkable increase of cell number. However, DF and DP-derived cells showed the remarkable cell number increasing
between 6th and 9th days of subculture.

(DP: dental pulp, RAP: root apical papilla, DF: dental follicle)
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200.00 moP

100.00

ooo LML ,

Day 1 Day 3 Day 6 Day 9

Fig. 4. Graphs showed the increasing numbers of in vitro cultured cells as
time passed. The most prominent cell proliferation rate was observed in
the RAP-derived cells.

(DP: dental pulp, RAP: root apical papilla, DF: dental follicle)
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GAPDH Oct-4 Nanog Sox-2

W

25.00
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15.00 a Pulp

= papilla
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Relative abundance of mMRNA

5.00 -

Oct-4 Nanog Sox-2

Fig. 5. Expression of transcription factors, Oct-4, Nanog,
and Sox-2 in the cultured dental tissue-derived cells of
passage 3 by RT-PCR. A. Although Sox-2 gene was weak-
ly observed, these transcription factors were all detected in
the dental tissue-derived cells. B. Quantification of tran-
scription factors expressions. Transcription factors were
most strongly detected in the root apical papilla-derived
cells. (RAP)

(GAPDH: glyceraldehyde-3-phosphate dehydrogenase,
DP: dental pulp, RAP: DF: dental follicle, RT-PCR: reverse
transcription polymerase chain reaction)
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Fig. 6. Expressions of cell surface markers with FACS analy-
sis. Mesenchymal stem cell marker proteins were detected
in the all three types of dental tissue-derived cells.

A. Dental follicle cells. B. Dental pulp cells. C. Root apical
papilla cells.

(FACS: fluorescence-activated cell sorting)
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ajol0} feyuad
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Fig. 7. Osteogenic differentiations of
dental tissue-derived stem cells for 4
weeks. The most abundant bone
matrix formation was observed in the
RAP cells, whereas it was rarely
detected in the DP cells by von Kossa
and alizarin red stainings.

(DP: dental pulp, RAP: root apical
papilla)

e|ided [eaide 1004

DP, x 100 DP, % 2000

Fig. 8. Adipogenic differentiation of dental
tissue-derived stem cells for 4 weeks. (origi-
nal magnification x100) Small red color
stained lipoid nodules were detected in all
three types of dental stem cells by oil-red O
staining. (arrows) Most actively adipogenic

: . Lt e g e T % differentiation was showed in the dental fol-
RAP, <100 A RAP, ><_200 o licle-derived cells.
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