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Abstract (J. Kor. Oral Maxillofac. Surg. 2010;36:7-15)

A study on differentiation potency of adult stem cells from pulp, periodontal ligament,
and dental follicle to osteoblast

Joong-Kyou Lee, Jae-Hoon Lee
Department of Oral and Maxillofacial Surgery, College of Dentistry, Dankook University

Complex human tissues harbor stem cells and precursor cells, which are responsible for tissue development or repair. Recently, dental tissues such
as dental pulp, periodontal ligament (PDL), dental follicle have been identified as easily accessible sources of undifferentiated cells.

These tissues contain mesenchymal stem cells that can be differentiate into bone, cartilage, fat or muscle by exposing them to specific growth condi-
tions. In this study, the authors procured the stem cell from pulp, PDL, and dental follicle and differentiate them into osteoblast and examine the bone

induction capacity.

Denta pulp stem cell (DPSC), periodonta ligament stem cell (PDLSC), and denta follicle precursor cell (DFPC) were obtained from human 3rd
molar and cultured. Each cell was analyzed for presence of stem cell by fluorescence activated cell sorter (FACs) against CD44, CD105 and CD34,
CD45. Each stem cell was cultured, expanded and grown in an osteogenic culture medium to alow formation of alayer of extracellular bone matrix.
Osteogenic pathway was checked by aizarin red staining, alkaline phosphatase (ALP) activity test and RT-PCR for ALP and osteocalcin (OCN) gene

expression.

According to results from FACs, mesenchymal stem cell existed in pulp, PDL, and dental follicle. As culturing with bone differentiation medium,
stem cells were differentiated to osteoblast like cell. Compare with stem cell from pulp, PDL and dental follicle-originated stem cell has more
osteogenic effect and it was assumed that the character of donor cell was able to affect on differential potency of stem cell. From this article, we are
ableto verify the pulp, PDL, and dental follicle from extracted tooth, and these can be a source of osteoblast and stem cell for tissue engineering.
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1. Pulp, PDL, dental follicle2| x|

FAHAY 2 F0] jle S AU 2
2} 89 ol A] informed consentE F 3. 59 & 13 3 27
£ A3 3l th.(Table 1) 77+ W = chlorhexidine & ©
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high speed drill & A} &3l X 574S wEA AT L33
AL&} slofl A curettey} explorer& AFE-3le] pulpe 24 A9
A AN X Zo A PDLS §<eto 7 8l gk 5, 159 blade
9} tissue forcep g AF-& 3t PDLE A # 5l it} v A< A3
A8 A5 LA Al DA = A 15% blades} tis-
sue forceps ©]-§-3kod x| oo} &3t 77t Aol 3FF{
o] A& A E2 48 H 4357 ¢8| 1% antibiotic &
antimycotic (Gibco BRL)©¢| X 3 ¥ phosphate-buffered
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Table 1. Characteristics of samples. Sample number, sex
and age, location of extracted teeth, and remark.

Sample Sex/Age  Extracted tooth Remark

1 F/21 #18, #48 Pulp, PDL, Dental follicle
2 FI22 #28, #38 Infection

3 M/26 #18, #48 Pulp, PDL

4 M/28 #18, #48 Pulp, PDL

5 FI25 #18, #48 Pulp, PDL

6 M/20 #48 Pulp, Dental follicle

7 F/18 #28, #38 Pulp, PDL, Dental follicle
8 M/30 #18, #48 Pulp, PDL

(PDL: periodontal ligament)

2. Mzo| 22| & B

Pulp, PDL, dental follicles| A 92 z}zte] 2 ol A
stemcell S F%3}7] 98 %22 antibiotic & antimycotico]
Z 3% PBSE Al &ty FA A2 F 3mg/mL 9] typel col-
lagenases} 4 mg/mL 9] dispase@ * 2] 5}o 37°C, 5% CO,2)
Z7 &t 1A 7F EoF B A3}t 70 #m facon strainer=
A9 77ke] Z2AM I ol 24 AUy BEE )
AU AEE F2E6 G4 B g5 o wjA
= 48X 7 F3E A7) A 2ste] 2-32 el & WA vl
o] FRoH, gL 2R FE FH=ES WA
A Al ZEo]l Aotk &719 nprtol] 2 A 7} 70%
A% Z3HE o o] 23S ) trypsin-EDTA (Gibco BRL) 2
AEE FAZ &, Al 3he] pulp, PDL, dentd folli-
cleo] N X & dojWitt.

3. Fluorescence activated cell sorter (FACs)E 0|28t &
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CD44, CD1059] tj 3l fluorescence activated cell sorter
(FACSE 5@ 3151tk FACSE §13] 24t HZ 5 Q427

(104, 1000 RPM) &t ME2ES S{AI7I AL Al & s < A
ZALe] A Aol uhet 10 p o] 3hA ol v Fat A om E 714
¥ X E A A2 CD34, CD459} CD44, CD105E5 Al-£31o
v oF 15-22¢ A}o]o]] FACsCalibur 110 VAC 4 color with
sorter sensor unit flow cytometer (Becton Dickinson, Mountain
view, CA, USA)E o] &3} 54| = B A & A8 514 th.

10

i ==
4, ==2 =

% AT FRATRY BAREE F7H5) S
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Hl E A 2 E AFE ] ZE 3 8] X](1 mL e-MEMo) 10%
fetal bovine serum (FBS), 0.1 mM dexamethasone, 10 mM §-
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Glutamine 4 71)oll A Wl s}, o] ¥ kol & 3ol 1514
LEE 50 T0%2) Al E EIEE B kA v Fal A
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1) Alizarinred 4 2

714 249 A2 H AL A= E &str] 98 dizain
red 945 Attt AT 2 A XS *‘201]*1
10% formain®. & 3027+ 7 A 817, 2542 A H e T 1%
alizarin red (Sigma-Aldrich) 2 A 2ol A 3027+ J41 3k &, =
T2 Al A 8oL air-dry 3§ SQto = A3}t

2) Alkaline phosphatase (ALP) &4 = =4

79,144, 21 v oF 3t Al £ 5 PBSE Al & 51 th. PBSE
A A 5 akaline phosphatase substrate (alkaline phos-
phatase yellow (pNPP) liquid substrate system for ELISA (sig-
ma)) 0.5 mLE ¥ 77 incubation &+ 5 3N NaOHi Hk-S-
SA T 405 nmo| A S FEE A3 & standard curve
(p-nitrophenol standard solution, sigma) S “1 7 akaline phos-
phatase activity = #| A5} 4 ¢}

6. RT-PCR

Total RNA = trizol extraction method (invitrogen light tech)
S AHEste] AT dx2olA 38 A A AT A3
F RNAE= cDNA A S 935l AF&35F9 21, RT-PCR
premix (Bioneer, mth A, 31=H)E o] &35l RT-PCRS 473§
s 23k total RNAE cDNAZ & ZHAFSE &, primer

S o] &3l Z=Z 3]t ALPS} osteocalcin m (OCN) <]

TdE Sk, W x2S GAPDHE Ab&a it

Table 2. RT-PCR primer list and seguence.
forward 5 -CCTCCTCGGAAGACACTCTG-3

ALP
reverse 5 -AGACTGCGCCTGGTAGTTGT-3
OCN forward 5 -GGCAGCGAGGTAGTGAAGAG-3
reverse 5 -CTGGAGAGGAGCAGAACTGG-3'
GAPDH forward 5 -CTGTCTTCACCACCATGGAGA-3

reverse 5 -CGGCCATCACGCCACAGTTT-3
(ALP: akaline phosphatase, OCN: osteocalcin, GAPDH: glyceralde-
hyde 3-phosphate dehydrogenase )
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Fig. 1. Morphology of stem cells from dental tissues.(2-3
passages)

A, B: DPSC (x 200, x 100), C, D: PDLSC (x 200, x 100),
E. F: DFPC (x 200, x 100).

(DPSC: dental pulp stem cell, PDLSC: periodontal ligament
stem cell, DFPS: dental follicle precursor cell)
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2. FACSE ArZSt &7|MIZ2| gfol 3. ZEsle| |5
Pulp, PDL, dental follicleell A 2] & A 5 & FACs& 18 T A E ARE S A AR A E ARE
AHea GAERA A3 Pupdl A 49 E semeell (dentd @ 2R AZES FAG AFS BoH 2US I
pulp stem cell, DPSC), PDLo| 4] -2 5l stem cell (PDL stem A ghol] ubeh A4 3k W3 Btk Betam 2 ol 4
cell, PDLSC), dental follicleol| A 2 ® A 4] = (dental AEEe v33 Toks 7= A8 TA L9} §A3F opA
follicle precursor cell, DFPC)oll A &5 CD45¢] t] 3+ &4, < 29tk (Fig. 3)
(0.52%-2.18%) CD44 (99.84%-99.94%), CD105 (98.52%-
98.82%)° o &t A A= gelate] MSCA S FAsksitt
(Fig. 2)
DPSC PDLSC DFPC
o data 004 - data 007 ~ data 010
99.92% 99.84% 99.94%
n D n
c < c
CD44 3 3 3
O O ‘f O
L L L BT T (I T T ! 1100 100 100 10
FL2-H FL2-H FL2-H
o data 004 s data 007 o data 010
98.52% 98.82% 98.80%
n n n
c = c
cD105 3 = =
O & S
< E—— ¥ < i o
10° 10! 10° 10° 10* 10° 10 10° 10° 10* 10° 10" 102 10° 104
FL1-H FL1-H FL1-H
o data 004 o data 007 = data 010
] 99.88% 99.64% 99.88%
n n n
c = c
cD34 3 3 3
S & S
|
o o o
10° 10 107 10° 10 10° 10 102 10° 10 10° 10 107 10° 10
FL1-H FL1-H FL1-H
o data 004 data 007 data 010
0.52% 1.36% 2.18%
2 2
CD4s 5 5
O O
WO".. rnﬁ)‘ 10° 10° 10¢ 10° 10' 10° 1-63 10* 10° 10 10° 10° 10*
FL2-H FL2-H FLo-H

Fig. 2. Characterization of DPSC, PDLSC, and DFPC immunophenotype in vitro.

(DPSC: dental pulp stem cell, PDLSC: periodontal ligament stem cell, DFPS: dental follicle precursor cell)
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4. Alizarin red &4Ad

DPSCe] 7% 7ol 4923 th el 4 25 vlop
& WL Byot UARE AP2 Aol AHHL
o, A9 = HAF Fol & Bk h 2NN E G4
o AEAk ANAIE DAY, 4G 2 WA Gt
Y3tk POLSCE] 7% UU7AE 2 ol 7} G910 21
7 G419l A8 B 4 251051, DRG] 24 79, 14

), 21900 2§91 8 A0) A% A0 15 (Fig 4)

5. ALP activity test

=34 2714 YEtUE ALPE A A o7 JAste] 1
THEE o)&ste] HrtaE A3, AF Lol A PDLSCS
DFPCE= 74 738t activityS HloH, 1 & YA s &4
T2 B9l A3 DPSCe ALP activity= A 7+o] uw}e}
Z 7 ete RS B9 01} PDLSCS} DFPCY activityol] ]
&l F 2] &7 140;1@ NEzFdA s dPFET 3 F
activity 2 2.9 0w, 9 X DPSCo| A Sl & A ZES ALP
activity7} 717 ;‘}}E}.(Table 3, Fig.5)
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6. RT-PCR

ALPo| o) RT-PCR 2 7, 4% 2ol A 795 2B
PDLSC¢} DFPC+= DPSCH. t} 7}3F bandES v}e}W 27, ALP
7} 23k 27)6 A GE B Qo)A = ALP activity test
o} e ATz BT OCNe] 45 AdZ oA LT A%
3 band= ERRA T, 2194 2 e A FY B e A
ol FEAAT AT o) ZE o] YA B AL
¥l A% QFE RNAS Bal7h dojur Faw
g0] Aol 7] A A Yol sk 4 7 v (Fig. 6.)

Table 3. ALP activity test (unit: concentration mM).

Cell Group 7 days 14 days 21 days
Exp 0.064612 0.183676 0.23865
Control 0.002982 0.005191 0.008953
PDLSC Exp 0.618275 0.671693 0.683715
Control 0.193169 0.16455 0.138428
DFPS Exp 0.640952 0.581677 0.64924
Control 0.142449 0.144931 0.138428

(ALP: akaline phosphatase, DPSC: dental pulp stem cell, PDLSC:
periodontal ligament stem cell, DFPS: dental follicle precursor cell)

Fig. 3. Morphology of cells in osteogenic culture media after
21 days (x 100).

A, C, E: DPSC, PDLSC, DFPC.

In universal culture media after 21 days (X 100).

B, D, F: DPSC, PDLSC, DFPC.

(DPSC: dental pulp stem cell, PDLSC: periodontal ligament
stem cell, DFPS: dental follicle precursor cell)

Fig. 4. Alizarin red staining of cultured cells in osteogenic
media after 21 days.

A, C, E: DPSC, PDLSC, DFPC.

In universal culture media.

B. D, F: DPSC, PDLSC, DFPC.

(DPSC: dental pulp stem cell, PDLSC: periodontal ligament
stem cell, DFPS: dental follicle precursor cell)
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Fig. 5. ALP activity test after 7, 14, 21 days of culture. A: Experimental group (osteogenic media), B: Control group (universal
media).
(DPSC: dental pulp stem cell, PDLSC: periodontal ligament stem cell, DFPS: dental follicle precursor cell)

A Control EXP B Control EXP
7 144 21 7 14 21 7 14 21 7 14 21

DPSC DPSC

PDLSC PDLSC
DFPC DFPC
GAPDH GAPDH

Fig. 6. RT-PCR analysis for expression of osteoblast markers after 7, 14, 21 days of culture (exp: osteogenic media, control:
universal media). A: ALP, B: OCN.

(ALP: alkaline phosphatase, OCN: osteocalcin, DPSC: dental pulp stem cell, PDLSC: periodontal ligament stem cell, DFPS:
dental follicle precursor cell, GAPDH: glyceraldehyde 3-phosphate dehydrogenase)
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