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[Abstract] Recent evidences have shown that a variety of mesenchymal stem cells located in dental pulp-derived
tissues such as the dental pulp and apical papilla. It is known that these stem cells have the potential to differentiate
into several cell types, including odontoblasts, osteoblasts, and chondrocytes. These stem cells can be isolated and
grown under defined tissue culture conditions, and are potential cells for use in tissue engineering, including dental
tissues and bone regeneration. This article reviews the osteogenic properties of dental pulp stem cells, osteogenic

system in vitro, and their applications in tissue engineering.

[Key words] Dental pulp derived stem cells

o B8 PR T 40 A AL 45 SF 88 T 4 I (dental pulp stem
cells, DPSCs)™ L F F %8 T 4 ffl (stem cells from human
exfoliated deciduous teeth, SHED)™ M4 FL. 3k T 4 s (stem
cells from the apical papilla, SCAP)"™, 5] ) oF 4 41 41 b 4y
B R FEEE M 2 e T AR . B A R & £ w4 A g
T3 AR %A T AT R I8 AF L B 08 R VG RE s Rk T
20 AR B R S Y R A vl R T A0 IR T B
S HLE W ) 70 B A0 M S A AR o LA 41 U TR R Y I
FHRAE A TIR . A SO 2 B8 U5 T 20 i 1 R M B L A
SRR R GE TR AL TR R R R S E— SRR
1 FERETFHBEK SRR

JF B IRV T 20 i A AR R T AN IR 2 b 2, R] SR 3K ]
FE 5T A0 L A 2 AN IR T A0 L Y 2 Fh AR S A L TE S BB
A T R B AT RAE R i P BB . DPSCs,
SHED,SCAP 4 3 ik bf ¥ #% BR i (alkaline phosphatase,

EE£TB JMWEBKREIE (45 :1201610458)
EER AN WCHA992~ ), L T REA N AE 3, 58 7

L3 O EEE,
* BIEE H 7% . E-mail:gelh0919@126. com
B8 2 0H . E-mail:13922265473@163. com

Tissue engineering Three-dimensional scaffold

ALP) T BB Jt | 8 Al 3% 25 H B B 4 1 (osteopontin, OPN)
F'H 5 2 (osteocalcin, OCN) %5 i & # e bR ic ¥ . 76 K 7 &
A LU0 I AR-2 B AR EE M SE K B L O AL B R h S B 1k 0
FWETIE T RICY RE LA RO R LB
L UE WA 2 VR T 40 LA AR SN T Ak 4 2L R

TE R 43 A A2 A, AT DPSCs, SHED 2635 3 5 7k
-1 OCN # ALP, SHED B A8 % 4k P9 J5 K 15 #2701k 0 B
IR, T S 3 A 5 A N Y R A Sk B 5 R TR R, R
AR TR Y5 S AR R T, X J2 DPSCs (H B H B F R4 4
O Vi ) 70 5 A0 D BV A M T RE L HEI AT RE R T AL
AR A B S 1 3 R I A e R AR L R Y )
R HE 2 W AR R SR Y. SCAP 1 SHED
H. DPSCs B 1% B 42 B9 5 b 326 B, {H 3 R 45 4 29 3 iR,
FHXT F i B 8] 75 B T 40 B2 (bone mesenchymal stem cells,
BMSCs) » 7 514 1 200 1t 22 30 o 5 ) 15 3 B8 0 L 2 8K U
BT EL A 5 A, BRI R YA T R A R A% 4 0 Al
Hi . KB 9 BMSCs SRR T IR JZ o 86 U VE 40 i 5 A
T 5 B 1) BMSCs #3k [ F AR JZ Bl 28 00 800 2 B8 U5 0 1
21 it T 5 A I R T B A I R A TR AU
2 FHEMTHARMAEIIEE RS

I 0 B R AR SNIF T R 2 BUR A A R B IR A



i R4 0F 5T 2019 4F 3 A 2 35 B4 3 11

219

T 1A P S e A2 2% 19 4T - 200 6L R0 200 e -4 G A 6 5 41 AR 1) =
YT AARGERY . T AT A0 TR A N B R LA R L T
BTSN RES AR/ RS R G,

YIRS RS ] 9 S BRRR , R RE A0 ff  AE
BE AR L B R A K TS R AR £ a1k
Pecci-Lloret 25004 DPSCs 43 Bl 5 Fp F 4 fl = 4k 2 K &
FISE 8 b .24 b5 = 4 52 48 41 AT UL 2 40 KK B L 40 i oA
R A7 1 27 e AN T 25, T e A 7 S S = M S ek,
IR 35 T 4l SR R 3% W = S S ) T 4 e K
B , Karadzic %17 4% 5% SHED #% i % 41 % 38 IR A
(hydroxyapatite, HA) 32 #85 HA 5 R FLR- Z FEMR (polylac-
tic-co-glycolic acid, PLGA) . ¥ 3 B2 8 A1 £ 45 B IR & I iR &
B L R E SHED J&f 10 40 46, A i 4 Fp = 2 52
LR S5 AT VR N S R U A0 R R A B R AR B 431 Y 3 E 2R
A, T UL, = 4 SR R T A BRORY B3 % Ak

B = 2 0 A5 B 37 B A0 B PR T A A TR R 0 A A S
BRIREHR RIS AT S LN L[] B S 4 P AR 3R
G A AN H 5] AR R D XE DL S 4R i AR R T e
DIEA AR, W0 R AR R, Li &
) FH 20 it e 55 15 3% & 48 (rotary cell culture system, RCCs) %
PUE VR @S s A 1 3% o DPSCs #% T PLGA 3242,
SRS BER LN NBESHRE TR 7 LR
AR HE T4 BR AR FE Mg d bz 45 1 1
ST DPSCs 3R 1K B £ A 20 i 14 5 #% P s Ki-67., 1 2
JE B | F 7 J5 HE W 4 1 (dentin sialophosphoprotein, DSPP) il
A AR 1 1 (dentin matrix protein 1, DMP1) , H #4854
HA AR H B THASNE, I8N E T 4
AT B E I AR B AT A TGS W MR A . okl
U s = 4 B 25 5 FR BT R T4 R A e T

= S BRI R A A0 M N TR R R BT A 3 8 AR N
WEEARR L NS T J0 248 = 48 R 50, XORR O = 4 Bk Rk 8%
ARG AT B S B0 A 40 L K 240 B A BT = A R AR L AR
UL 20 P 200 0 7 25 B B L A A B AR 40 I B 8 o A ek
KRR GE LW RN % FUBR A1 85 9% R 4. Yamamoto % F|
FHAR AL 55 2 A BR A 28 56 00 7 2B Ak /s U 3L 3k i i 2k 7k R
e TR AR/ R 2R A4k, 5 A 2 0 R 20 AR L, 4n
JuER A DSPP.DMP1 ., ALP,OCN & & EEH-2 £kl
B R E £ 0 (0 45 L 4 412 T L 40 ER A 4 b 40 i
5 AR 1 A1 J) DXR A0 M IR 1 A% 0 DX A% 0 XA A0 R X AR A
A i 1 JE) X 40 B 25 2235 DMP1 ALP M & 8 3t L FIE &
RESHXED ARG5S G00 4 AR 00 2 86 T 48 1,
i b5 7 14 (paxillin) #1 focal adhesion kinase (FAK) # iz 1k ,
B ST ML L DMPL Ml ALP, Lee &5 B8 & 8L 15 ¥ )2
AR AH H L BR & DPSCs 4408 58 K £ 1] 43 AL g F1 3% i
3 FHEETHEMNENRE RS

ZF A Wy b Ak mT R A R A2 TR A P S B ER AR B HE
FR I K A -2 =45 (hydroxyapatite-tricalcium phosphate,
HA/TCP) JKEEHE IR A5 I PR L, S 28 2 20 JI6AS B 0 1

BEL BT 6 5 1) S B4R S A BRI S 2 0, T 2R ) I A S AR
LSRRI AR . 8 BE DR T 40 M 1 D 41 20 TR 40
AR I Bl A0 5 AR ) SRS A TN T R AL
e AR IR s AT S 1 P A S L A T AR AT

A gy Sl 2R ] RS040 M A S B A ) B R S 20 40 ks
B 15 ARk A Bk R . HA/TCP H i E 1R 8 Bk =
2N TG R, B R AR WA A L R T e A
Y IRERE . Asutay 250 4l F 3 3 38 HA/TCP 5 DPSCs
5 FE 24 h )5 Bh 2 K BUSHE S 4L L 8 JH JS micro-CT K
RS R A - SR B ROE R B B T A
F 20 R SR 4 UE W] DPSCs #1387 HA/TCP 3248 af i H
FH L, PLGA R AR MR, LG & 2 L4544 . 52
P25 90 20 B 14 23 ) 45 4. Xavier 20 ¥ SHED i # T
PLGA 28 RSB S 14 d BAE & K BUWE Bdit, 60 d
& IMNES SHED+ XA & HA MR BIETRFES
SHED-+ SC 484 | Bl S7 4021 J 23 (0 R A . 358 B 5 1R B Y
BT 1) = A 0 IR 4 A A R L R A M A
P LB SR BE DL K ] B8 M i A — b AR B B 5 SR M
k. Petridis 57 45 DPSCs 5% W oK B2 & WM A
KRBT BBt 8 S i E AR T A s AL
B R T A A A DA AN AN TR S T AN R
R R = AT A A, — S AR SRR N IR B L (H A A
230 DRy S 240 i e LA B S B 0 X I8 D R S T 4 i 0 A
AN H ) SRR, D A 4 R AN i B R S R LA R A
A AT A S R ARG D L O O RS B 8 g 0 4 Ak 42 it
KUF 4 . Maraldi 250500 DPSCs F12E 7K T 40 i 45 & e
Ji S AR K LU B b L 8 SR L 2 4R 2R e 60 S R B
XTI BB 2120, N8 A 0 4%, I 4 P9 A7 2 TR T AT
Chamieh 25415 i [ 32 48 5 % R 2 46 ) J3, R 98 9 )R
28 10 i TR A B A U IR R R, i3k DPSCs &
o R BTS840 . 5 S micro-CT 7w 8 % B Fl
TR M 56 2 B0 3 0, 21 B2 LR R A 4k 5 4 S Ak
ALURFRR ZH AN, A T R ALP Y 28 35 38, B 46
oL ] LA 4E 5 8 A0 4 2R TR A A 2R T S 4R N I 40 i )
5B 6 & L iF 52 DPSCs 1 4% K 5 32 48 76 B 1 4= 45
SR 17 FH T T E K

SDATEN Al 2 LR L BRI E R A MR ARZ —,
FLEA ZAL 0 FLIBR 45 0 A 5% B2 8 F 5k 8 35 4 IR AR
B AT BE T A TR A IR 0 KN S o A T 4 B4 K B
A, Hilkens 257044 171 4% DPSCs 8% SCAP #9 3D §TEI HA
SR B AR TN R, 12 B R A2 mi-
cro-CT 4 ¥ 18 7 I B I 45 b A 41 20 K i Ak 20 41, R4
WA AU S5 R 5 N B 41 U R R TR A T A
Li S50 0 0 T A0 A% G2 7 0k 46 B9 & I/ A 2 Cplatelet-
rich plasma,PRP) 4378 3D #T E1 3 & N g (polycaprolactone,
PCL) 32 H0 ok B3 50 20 (1 76 ) 2k i MR A1 9F 9 &5 S0 6 W1 %
+ PRP & & 3 #2 /& DPSCs i # W ALP.RUNX2,0CN,
OPN ik /K¥, B AH 2 R BUSUE B 5 85 . 45 R B kT



220

Journal of Oral Science Research, Mar. 2019, Vol. 35,No. 3

PRP-PCL 3240 35 fid BE 7% . 14 2 1 AUK T 58 PRP-
PCL 3k PCL 44, W] 3D #TENVR T PRP 4 # PCL
SEHE AR E DPSCs R 401k L A2 ik T2

SR S ZRAE W fife 2o 82 op W] R 22 5 | RS LA 48 9 S 17, 4
Sl PLGA ¥ fif (1 Joi o8 JE2 0l R 14 3 53 e 6K 240 #4705 A
TR, RN STAAEAE S 5 SR RS AR e (W TT R, TE ST
SRR AR R G ] v IR P AR B 2 A 3 A] A Lt B R 7E 4
ZUTAR 1 1 PR L 2 A B A9 A7) 5 2 R AR I A I (] W 43¢
HRA VAR . BRI B E L T 2 Bl A S B IR A g D
Ko A e PR DrRe L (HR S g R ST T HE XS AL AE 1K) MSCs #E4T
JRASR VRS S 5 0 A0 B A T B A AR 2 A el 451X
Sl A T O A T A TR A B D i R B A T R E 9 N
T IR 4 057 5 K 7 T RESE I MSCs A S 1B AR,
4 RE

OF il R T A T T A R A R A R AR v i L R R
WAHA SN, T8/ LR = REFRREE M T AT 410
FARIET AR AL . SR ST AL R R T A0 A B 1 S
J P LA R 0 A 05 o 3 DR 4 B 5 s RTRE R o T 40 Y A
L/ N RN A NP i€ SEN- (i b8 d R 1 IE s i ]
BB TR IR T B 5 MR TAEH R AL .
S % 3k

[1] Gronthos S, Mankani M, Brahim J. et al. Postnatal human
dental pulp stem cells (DPSCs) in vitro and in wivo [J]. Proc
Natl Acad Sci U S A, 2000, 97(25):13625-13630.

[2] Miura M, Gronthos S, Zhao M, et al. SHED: stem cells
from human exfoliated deciduous teeth [J]. Proc Natl Acad
Sci U S A, 2003, 100(10):5807-5812.

[3] Sonoyama W, Liu Y, Yamaza T, et al. Characterization of
the apical papilla and its residing stem cells from human im-
mature permanent teeth: a pilot study [J]. ] Endod, 2008,
34(2):166-171.

[4] Bakopoulou A, About I. Stem cells of dental origin: current
research trends and key milestones towards clinical applica-
tion [J]. Stem Cells Int, 2016, 2016:4209891.

[5] Dominici M, Le Blanc K, Mueller I, et al. Minimal criteria
for defining multipotent mesenchymal stromal cells. The in-
ternational society for cellular therapy position statement
[J]. Cytotherapy. 2006, 8(4):315-317.

[6] Ledesma-Martinez E, Mendoza-Nunez VM, Santiago-Osorio
E. Mesenchymal stem cells derived from dental pulp: A re-
view [J]. Stem Cells Int, 2016, 2016:4709572.

[7] Volponi AA. Gentleman E. Fatscher R, et al. Composition
of mineral produced by dental mesenchymal stem cells [J]. J
Dent Res, 2015, 94(11):1568-1574.

[8] Zheng Y, Liu Y, Zhang CM, et al. Stem cells from decidu-
ous tooth repair mandibular defect in swine [J]. J Dent Res,
2009, 88(3):249-254.

[9] Kawashima N, Noda S. Yamamoto M, et al. Properties of
dental pulp-derived mesenchymal stem cells and the effects of
culture conditions [J]. J Endod, 2017, 43(9S):S31-S34.

[10]

Pecci-Lloret MP, Vera-Sanchez M, Aznar-Cervantes S, et

al. Analysis of the adherence of dental pulp stem cells on

two-dimensional and three-dimensional silk fibroin-based bio-

materials [J]. J Craniofac Surg, 2017, 28(4):939-943.

Karadzic I, Vucic V., Jokanovic V. et al.

[11]

hydroxyapatite-based 3D biomaterials on proliferation and os-

teoblastic differentiation of mesenchymal stem cells [J]. ] Bi-
omed Mater Res A, 2015, 103(1):350-357.
[12]

crogravity culture improves the proliferation and odontogenic

differentiation of dental pulp stem cell in PLGA scaffolds im-

planted in mice [J]. Mol Med Rep, 2017, 15(2):873-878.
[13]

mensional spheroid culture promotes odonto/osteoblastic dif-

ferentiation of dental pulp cells [J]. Arch Oral Biol, 2014,
59(3):310-317.

[14] Lee SH. Inaba A, Mohindroo N, et al.

sphere-forming cells are unique multipotent cell population in

dental pulp cells [J]. J Endod, 2017, 43(8):1302-1308.
[15]

stem cells on bone regeneration in rat calvarial defect model:

micro-computed tomography and histomorphometric analysis

[J]. Arch of Oral Biol, 2015, 60(12):1729-1735.
[16]

folds support bone regeneration associated with pulp stem

cells [J]. Curr Stem Cell Res Ther, 2014, 9(4):330-337.
[17]

critical-size calvarial defects using human dental pulp cells in

an extracellular matrix-based scaffold [J]. ] Craniomaxillofac

Surg, 2015, 43(4):483-490.

[18] Maraldi T, Riccio M, Pisciotta A, et al.

fluid-derived and dental pulp-derived stem cells seeded into

collagen scaffold repair critical-size bone defects promoting

vascularization [ J]. Stem Cell Res Ther, 2013, 4(3):53.
[19]

craniofacial bone regeneration through dense collagen gel

scaffolds seeded with dental pulp stem cells [J]. Sci Rep,
2016, 6:38814.
[20]

potential of DPSCs and SCAPs in an in vivo model of dental

pulp regeneration [J]. Stem Cells Int, 2017, 2017:2582080.
[21]

prolactone scaffolds coated with freeze-dried platelet-rich

plasma for bone regeneration [ J]. Materials (Basel), 2017,
10(7). pii: E831.

[22] Wang L, Zhao Y, Shi S.

stem cells and lymphocytes: implications for immunotherapy

and tissue regeneration [ J]. ] Dent Res, 2012, 91(11):1003-

1010.
[23]
cells and immune stimulus [J]. Stem Cell Res Ther, 2017, 8
(1):147.

(A B 9 :2018-05-03] (Rt )

Effects of novel

LiY, He L, Pan S, et al. Three-dimensional simulated mi-

Yamamoto M, Kawashima N, Takashino N, et al. Three-di-

Three-dimensional

Asutay F, Polat S, Giil M, et al. The effects of dental pulp

Xavier AG, Bernardi L, Braghirolli DI, et al. Nanofiber scaf-

Petridis X, Diamanti E, Gch T, et al. Bone regeneration in

Human amniotic

Chamieh F, Collignon AM, Coyac BR, et al. Accelerated

Hilkens P, Bronckaers A, Ratajczak J. et al. The angiogenic

LiJ, Chen M, Wei X, et al. Evaluation of 3D-printed polyca-

Interplay between mesenchymal

Yang R, Yu T, Zhou Y. Interplay between craniofacial stem





