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Topics of regenerative medicine for prosthodontists
Promising Stem cells for Prosthodontics
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ABSTRACT

Stem cell research in the field of dentistry has been widely conducted as regenerative research, targeting bones,
periodontal tissues, and teeth. In the field of prosthodontics, stem cell research has recently helped achieve the
establishment of disease models and drug discovery research. Regarding regenerative medicine, the use of stem
cells is thought to be a major key factor for achieving reliable regenerative medicine. The tooth developmental
process goes through an induction phase between the epithelial and mesenchymal stages regulated by complex
signaling molecules. Therefore, the mimicking process will be affected by the type of stem cell selected. In the
present report, we will introduce the different types of stem cells that can be applied to regenerative dentistry.

Key words:
Mesenchymal stem cell, Pluripotent stem cell, Regenerative medicine, Prosthodontics

HALRZR B AWITERE 01 - Pl RHaTRR o BT

Division of Molecular and Regenerative Prosthodontics, Tohoku University Graduate School of Dentistry

230



i o PR TR X 4 % il

L R iR

IHALFHERRHER
M fE b 52 34l (OESC)
i itk AR EH S 24 AR (SGSC)

\

SRR

PRt HEAE (ESHERE)
AT ZrEMEHRRE (iPSHERE)

/m‘ﬁ@mﬁﬁﬂ (DPSC, SHED)
H%%Ebjz HREE AR (PDLSC)

N 1%

E 5

231

HEEI= (NG

~

AT B SR AT ER A AR
H/NEEHRE (DFSC)
SR 5E AL B AR 2L ER ER RS (SCAP)

SEE B EMSC(BMSC)

R SEMSC (GMSC)

B IR B k& #ERE (PSC)
\\%ﬁﬁmﬁmx <//
MSCs
FEEG: BEE BRA, B, RIS ..
IR IR Sk R HERE (NCSC)

FRIEEDAL: BRE, HREMEE, O ..

1 i sl R O P A A IS S 4 2 il

I. FU&IC

A ) =% THIBKBERHEE I8 2 AR DR &
L, FAEREIHIRE RSN ED X ) IS 5
ZBRTWL, Y =X 1 HORICH S K )i,
RIEIER C 23R (Mesenchymal stem cell :
MSC) A3oEelEE & L CHIRIGH S 4, sflldia
DFEERIT E LT EDHEE HIF T\ 5, HRHEREE
R TIR, ElaE BB ZETA v 7T v R
ICBRRENY 22 AR AR 2 1 5.3 2 il I e V. %
72, NLZeEMEEHMIM (induced pluripotent stem
cell : iPS i) 1&, FFABERZZTTH L, MERE 7
7 XL AL EDFEEBE T VOBEICCH S N, Al
DHREMEZYIDFC ) L LTWw3?Y. Tk, 4
et el LRI U2 38 > CREMIIEITSE 1 09 A AR LB T
PHTHD,

R RS L, Kbl wE %2 A LRl
IHHTH B0, BEAGOMIIC X% THDOFAE
IR OMRIAE & L TffshTwns, ZLllbhn
TWHWOEAETH 553, 2000 FERIZA-T, AT
P OHY U 72 e BRI & FIEERT NG 22 5
TEMIE, ANAICHEHRZREET 2 TEE I
DL Z N2 ETY, ZORNEITEHBEZHL T
S, L Lads, st bR & a8
MEZMEERC XD RET D2 00, ZOEIZIX
WL S . 72, WIROMEE 2 2% £ 0 X
ICHET 22O REHWETDH 5.

FAAINC, MRS IR, SO, kX v b
B, BRI, WA RS oRER 2 B D B, RN
MIZEX, R4 I WA ke e & oMl
TAET 2 SHRIEMI 2 o o i R 8 LI &S
2 O s L T3 Y, IR EE A
e 2 W7 g kil (Neural crest stem
cell:NCSC) Th %23, FEEL & MREITHART
% 7-% NCSC OERHUIIEFICINEE L 72 5. £ 72, il
P B AR AL 9 E AR O % R
Tz, BEEOMHEREHEL v, L3> T, WO
RBROEIICIE, FAEAN R E B L 2
DR, B X V02 OREEFEOMSIPEETHY, *
D _ETHABREEZ LI TE 20058 L 729,

P EZ2ERIC, U —X$E 20 E Ak 3ARTIE,
R RRES O TR BRI IR SN 5 X £ X F i
Nl zfEnd 5.

II. fERkEELaRRcIbA Rl

PRSI © PRI S a7 i s BB RE & 2l
BBzHd 52 Lo, HERKRICE T 26
SNTwB7, ARIHTIE, M EHAEE DI A3
RSN 2 EMIIICDWT, HBERER & Z LA D Frl
225 BRI S N BRI o), AiEriliidz MSC & |
BiEfIC 8T 5. MA T, BED SR 2
o ORI X D b IEEIICECRHAE & e 2 A
T 2 LRl 2 /92 (K1),



232 H flifi & ik

1. OREsEsh S EREA] Be 7 Brif e

1) MSC

(1) bR H R MSC

PRI T 2R T 2 ol A AR 1 1, S bR
T2 BT 523 I R BEMEIEFEET 2 (X
2). KR ek (X sl (Dental pulp stem
cell : DPSC)®, WivE L 7z FLth o iz 13 & b BivE
.o s e (Stem cells from human exfoliated
deciduous teeth : SHED) 23FfEL, RUHE, 45,
FENETT 59, BRED & [FE X 4172 bR i
i (Periodontal ligament stem cell : PDLSC) I3,
AV MNE, F, WRIEZIEZRT 50, #ERE-RE
B S [FlE S L7 R aiBKHAE Y 1%, B, RS
S SIS 5, FLE - KA O SRR
CHIIR R B A D % <t/ (Dental follicule
stem cell : DFSC) &, BRI~ LREZ EF L T
W3 HEIR O RIEDSHE A 72 R TER AR R 1F Stems
cell from the apical papilla(SCAP) 23777£ L, PDLSC
EilAabE S 2 LT, MR & S E R
N, ZoXHIC, DPEGEERICIE, WS R
FEANETT 2 I FIEHHMIENFAEL T 5,

L2 L35, b b A AR 13 B R o i & B3
5L, NAF Ty — (EAERERIRE) 123X %
v, E 7o, HIEERRR IS ok 2 L, 9T
HFHE o 2 BED S IIRINT E R\, s OFE
ZIRRT H07EE LT, Wik L 72 hE ok
B2 & FRAC L 7- il 2 SRS ORAE L TR &, FRERDIA
FCHA L &9 & T 2Tl Ny 7 3 DFEIRE -
TWw3,

(2) FEpi I AR >k MSC

SHE R A 2 RS 2 o MSC 12, FHED
EHEICHFAE T 5 MSC (Bone marrow-derived MSC :
BMSC) 3% 2 (X 2). ML >~ 77 v At

10 % 345 (2018)

L BMSCs
2 HRMERCCRINTEE 2 #HlifE (Egusa & OfREENC” X D FFAI 2 3 CTHER)

) BT TlE, TR T e W22 & FREL L 72
E kDb, FHEED SN 282 e 57703 RITE
BRI 2§ Z LG I, FRAEI Bk
ZEE LSO AHMEEER I L Tw 5, EHik
i, ZOIEEAEPFIRIECHET 2 EEZ SN T
7203, weJEPERISEIC R T % tatl, RAVESEA b
BRI TRL, HEEOEe, FTHEOEMER L &
2 R 7 VERE S R OMIIIC SR 95 2 LS
M In”, Fi, FHEDOEINZE 117 BMSC I,
I 0 & BRI E #1172 BMSC & Lhiig U CHdilifE & L O
B bgsyE <, BH~OZLEEMR ", i
5 2RI, S IR O B R AR
MR & FEZ 6 TWw 5,

M A I 1%, BMSCs & ML L 72 i ffi g (Gingiva-
derived MSC : GMSC) 237E9 % 'Y (X1 2). GMSC
13 BMSC & e U THEfUS E 2 T b Rkt 2
MERFL LT WIEE AR, £ 72, HIPEREIREEA 1 1%
NCSCZEWIEEZH T 5 MSC DIFHEDHER S 1Y,
Z O OE S & mOHIHRED> & FHE A O)EH
BRE SN TV 3,

HEICIE 00tz A3 2 il
(Periosteum-derived stem/progenitor cell:PSC) 73
FET 2" (K12), BEIFBEEREICHEL, i
J& & BRIED S 72 % 18l a7 —77 VICE LD
BECdH 5. HEK, TIESRIEE CIFRERIYIC, R
L 725 DU 5 < 7 O WP IC BV 2 5 Biop SRS
DR S LT 7o, BT I OB N
L2k 2BOBEZHE-TED Y, ZOMNEICIZEHE
a2 T2 <, MSC23E1Ed %%, %7z, PSC &
BMSC & Hig L TRV Z A L, ‘&, WE, T,
iRAE~ITL LY, RERF 2T 5 2 & Tk
B2~ T, BIRZE T, O v 72 v b
IR OEIERM BT %5 PSC DAL I % 4



i o PR TR X 4 % il 233

T2 LM Inns®,

FPEREIR C R ) 20 258 % B 72 38 E O — D IS MR IR
b5, ZOMERIICS, &, W)E, IR LhlEE
72 MSC B OIS E Z 40TV 2 05%, MR 1%
FEUCREEZ D 720, FE P4 R O MBI 128
IVnThHA).

2) bRz

(1) S Rz

IR OERINIC B LT, wEME BRI
FREZBESE %, ZOMBIZERIICE = 2Ll
ZPHET X D ICHZF XV B ESN T AL AR
i, T AV L 5. daE M A
RERENTHET 2 2 EDWEETH 2720, ANAMIC
AL U7 THilark, 298I W2 2 &% \», Z
NETIORE S NN BRI, 7y MU
DONED & K7 L 72 = F X OV EEMakk HAT-7%, <
%7 A L A OVIERIRE LSS £ X OV ALC®), SRR
L OB L 7o OV I S Y b 270, £
72, TFRANYURIEDO—-DELTHIONE T AR
7o AF & Ty b ROV R FE R X
SF2-24 #BRiZ, HER5EEI1C X D iPS MifE % s 1 b A
Bz iRE 4 27, ZagtEiiias: o pa s LR
R~ Dol % e BIVICEEE T 2 Bl D3 E L T E U,
Atk o 1B LRI A2 BRI 2 683 2 K e . F
7o, BEEME EEMIIOZE L EE XS A VE
NDIAFEER AT T E UE, BN TERLL
LI FANVEZERMEE LTERICHT2 2 b0
I 200 Ltk o,

(2) TIPERSIE 1 Bz it

MRS S A 7270 v Bl OFBZ R LK
6 R R ST X D P, CIPERERE
DI I FAET 2 e Bzl (Oral epithelial
progenitor/stem cell : OESC) 28 [d] & & 1 72,
OESC (377 7 F v 14 Z R RIS HEBL T 2%, Hlitkih
PHEIR CHIRE X 112 D B R isfiiao ilid&ic ik, ffk
WO AEDH 5. BIE, bl fAlufts Lz
BT 2 aiicix, DD S FELL 7RI % o 2 sz
WAL H 2205, BEIHT2REIIRE L, I
WAL T, OESC % M\ CTEBL L 72 A Lo LR
&, BEOAEP R OEAREREE L CiffEhTw
%%

(3) MER e e

W R VX IR, 8 R, 0 Rz, &%
MESERIISR O X £ X & Bfifas SR S s, NIREE
KT & 2 B e 2 AR U O8I 0T %
ftl, AMIRZE SR DA b B SRR b O S A A

YRR 2@ E 3 5. MERIC IR E (R,
PN, MLERAZ EO@E23d D, WEEHHA T
22 THERED QOLIEFH L KT T %, KR alfitk
T B, DIHEZEEIC X o TR 2 E D
T, ML T TSR EE & 7 AER] D A7

(v, LZehd> T, MERAR O FRA R b ks s BHE
W) HEREFEDO—DTHS I,

W AR D FEANT BT 5 3 FAW A BRI 1T 13K
EAMZGZREBE . ZNnETIZ, 7 v b ORI
5, M, B b, W EEiiEo~—h—01%%
B9 2 8¢ fi i (Salivary gland-derived stem cell :
SGSC) MMEINY, T2 AW T, bt i
R 2> & IR D EEHIIE 2353 B X a7z, R IR
WX D BEEEEZE TS~ 2D Fi#IC SGSC %
BT 2 L, ZOMKBIZNET 2™, £/, Wnt>
7 F IWAGERZ 5 2 8T, WEEIROEE RS
2O S HEE B2 BT 2 M bME I N TE
D, St OMERIR A ORI S N 5.

2. ORRSEEUAID S ERENA] B /R e A

1) NCSC

JRAARIZ BT NCSC 1E, Zo¥dd v, S
TR 721 T 22 < PUBCE#EH o MSC o7 & 251k
AT 2% (K1), MR “BuomiE” &L
THHENTED, Tl T % NCSC 1 H
R ORI b MR, P, &, ke, I
Wi, X5 = #ilE, —&oF e v Ll L1
BUEETH B, L Lads, HiEI2EIF 2 NCSC
& MSC 23[H— DT H 2 2252 DFEIZH & 2
> Tk, Z Ot 2 Wiz d 2—>D %K
X, NCSC 3z nFEhkhr o Ed‘In-Miacdh
ZDICH L, MSC IZfiidoME (BheE & 5, e,
feli~Dor{big) »oERSINMETHS Z Lich
5., ¥, BEICHFAET B NCSCIZI bTrTHD,
Z DRI L FREUTIE DML L 72> T 5,

2) MSC

MSC (%, 75 A F v 7 B8 B fhE L M
T3 EHETE AR oM & L TR S il Td
D F, WE, oM b2 Th 5.
MSC iZ g B htin & i S e 23, 2 O%IEN,
fEAFI, X SICIEEE % EMAED X £ & F 2 fkic
HFIET B2 EPHSpERo7 (K1), MSCIZ3T
WKCHAEROBEGTICHENTVwED, 77 RXFy
27 128 By S s MSC I3 M il sE N < &
35, PEEHRSEERICE W TRBERIRIC
Hh&ZEL % &) MEBH -7, # 2T 2006 4E,



234 H flifi & ik

International Society for Cellular Therapy (¥, 7
7 AF v 7 BRI RIcEE L CiEd atlide, »
S I CD105, CD73, CD90 % 813 2 il
JadZz e P MSC L E& L 72", Z D%, MSC % [
ET B2 — A= 1TDOREPHRE, 7 AEH»5
PDGFRa % X ¥ Sca-1 Z~=—74—& LT MSC % i
JEICIRE S 2 Bl S e, 2o k)L e
Sl MSC 1%, HRITEICHKT 245, e, IEVS
DOMIIEZZ T2 <, MRRICHR T 2088, 7Y 7,
P EOME~OMEEE G 5, £z, Ehid
IR Ik T 5 MSC BFEEL, I s fllians
W, WE, BT TR, Mg 2V 7, CPEmSE
DOMBENDTLEEZ R T Z EDHS D E e 572,

NCSC DB % & > BMSC 31T % 2 L I,
B DA OB D & b Bk K, BMSC % JIGr
DO L 72 e B Ic STy FERBET
~BHEY 5 &, WRRORHEYDSE N LY, T OfER
&, HANDIEEZ R e E STk HED
BMSC %3, JEEM O IE B D 2 HD T, fiifE
BRICHR T % B SERIE O 1% & 2 Fi 72 L 72 nlRetE
ZRL TS,

KIRE B IS 5 BMSC 1, FF —D4E
D3 K 75 IO ENDO BB T 54, £ 7z,
BMSC z B E T % & o LB D& T M o B2
BROLGEDD B0, s iz Rk 557
FEMOFFEDI KD STV 5,

—7J5, eI & MSC (Adipose-derived stem
cell : ASC) 23F1ET 5. ASC IZMEEE, a8, Puliks
ISR 2> & B [ BRALL 72 IGWios & 7l © &, Rifk
HADIBEZ R T 70", HRE T b AR
DIGHBFF SN T 5, B2 v 7L T,
ASC DA TR E M) 72 B #4 Z2 Al I L *, ASC 28
P FAHAR DL 721 T IS F 1T 2 B D HEIC
BEHLHT DI EPREINTLEY,

3. ZEEMEERE

1) M2 (Embryonic stem cell : ES ffli@)
ES flfdix, SZAEI D & IR~ & FeAE D5 A 7238
FECA U 2 NEBHI RS X 0 2o < 4277 ES fflie
TR OGS & “TRE” LS s LSRR
TEI L6, HEERZE T TR EREHITB LT
B H 2 R L C &, WEMEIE T, ES I
V3 g R AR B DR BFZE IS EBR L T 25550 —,
TERIZ Z I O % £ 9 ES Ml O fFFE I AmBm
e REDIOTA 5, £ 72, ES fiZ B4 ER )G
M7 2854, bAHkoMlazBiEd2 2 Lick sk

10 % 375 (2018)

B s I s, —4C, ESHllgic X iPS #iia
X E L DBEETEREM TN TR v ) f s
b5, HAEERADIBHZ B Z fldo Ny 7
AR H 27, FEEE, HHRY T ES Mg N v
4G, EEME P ES 2B L A Ly 2 ¢
ZEHEHREN L T 5,

2) iPS fillfig

2006 4, = 7 A O #EAMEZFM NI Oct3/4, Sox2,
Kif4 8 X O c-Myc ® 4 @528 AT 52 LT, ES
A & Rk O RhtfE & LAk % 7" 3 iPS MilfE 2378 i &
n?, I 5ICHUE, t FoflliEs o iPS HilEAET
TELZEDPEIN, ESHIIC A E £ & 9 fHFy
[l &, SgiEfo % [nhEE© 2 2 TRefiie & L ¢,
Z DERHICH DR E £ o 72, iPS Mgkl &
72 BRI I X, IR, AR, E ofifas MSC™, wh
Rl A H W2 2 ETHRETH D, HRMEIE T Il
AIKRAESAIN, SCAP, DPSC, SHED, ptRfisiz: & X
£ X E Ml S iPS Mz E e,

e BMEIR T, IPS Ml %, HE LA, ER R,
HICHE T 2ABThN T3, BEEREY 26
L 72028 <ig, iPS fifas & o biFE L 22 8tk
BEAAE ™ & 2 o3 R EER ™ 2 W3 2 & T,
BB DRSS 2 FETE 2 2 E MG I N TV 5,

7272 L, iPSHIIEE A EROFEEIZIT W L
OPDORELH 5. —o1F iPS MR 13 K
B L2 BT 2R THh 2, £, E b iPSHllE
TlE, =7 A iPS i BRI H % F X 781
DIERMNTER NI D5, ED X I ITHE % Ul
TEIDPWHEER-oTVE, INSZBRTE70,
iPSfilfiaz N> 7465 2 LTk b, BFICHE K
Mo b Nz iPSHilEE MG L X 9 & 7 AEHEDS
ATV, Fih, LaeMGMEZ RN IcB T
2854, ML~ O s ko7 iPS MllEBAT %
L, BREEICT S F—= &) EEE L 2 fakiess
bHD, ZORERBYT 5 7-0121%, iPS Mg %z #hl
Fe DRI & g2 LFBE T 2 Hifli, H 5\l
BRI DM 2> 6 Aot 7z iPS Mg Z 582 HLD B
BT DMETDSIAEE £ 72 %

—7J5, BEOMME & FELL 72 iPS iz Z D&
FORECHRENKMI N EAHEERH L. 2Dk
7B B S 7 iPS e T RRR Y 1PS Ml
& LT, JEEBMAHSCRIZEMZE~DICH I S T
2. itk ReE X, BRI % T 2 RERRE 7
SXT RALDEEDS PSHIlasERINTE D Y,
Nz O 7RI O DSEA TV 5,



i o PR TR X 4 % il 235

M x&ob

>V — R 2 AT, AR e RHEER S A T RE 2
WEHIREZ 80 L7, i 3 S S AMENDH D,
FEL L9 LT 28 EIC X > TRt 2 afiiie 2
BIRT 208235 5, Lo, BRICHDOBIZIZ
BEHINEOREE L NETET 2EZ A L TE> &
FauE 7 5 2o, EHETFE S S S iR gL, Hl
BRI IEFAE 72V T l, WERIRPHEZ DL D%
BEBEONRE LK) I a2 lErH 5, F
2, AERE N CERIIE D S ERLL 22 A2 X OVE S
Z, HERLE L TR TE 2R 2 0 b Al
vy, 2006 FICFE I - iPS fliEx, H3H 10 4F
H F D CHEERTIMER PR O B3 120 U THRARIS
HINTw3Y, DEFFiEFTIRELEZON TV
BEEDL, DD 7L =7 A= R 6 87
AL 7 PRI D, BFEERZARBERIRETE
2o, BRSO = — X% J B i RIE 22 05 2 %,
KADGE F o iz ic i) s 2 &, Fick
BB OAIEICEHTE 2 DD LWL T3,

X m

1) Oshima M, Inoue K, Nakajima K, Tachikawa T,
Yamazaki H, Isobe T et al. Functional tooth restora-
tion by next-generation bio-hybrid implant as a bio-
hybrid artificial organ replacement therapy. Sci Rep
2014; 4: 6044.

2) Takahashi K, Yamanaka S. Induction of pluripotent
stem cells from mouse embryonic and adult fibroblast
cultures by defined factors. Cell 2006; 126: 663-676.

3) Hoashi Y, Okamoto S, Abe Y, Matsumoto T, Tanaka
J, Yoshida Y et al. Generation of neural cells using
iPSCs from sleep bruxism patients with 5-HT2A poly-
morphism. J Prosthodont Res 2017; 61: 242-250.

4) Nakao K, Morita R, Saji Y, Ishida K, Tomita Y, Ogawa
M et al. The development of a bioengineered organ
germ method. Nat Methods 2007; 4: 227-230.

5) Chai Y, Jiang X, Ito Y, Bringas P Jr, Han J, Rowitch
DH et al. Fate of the mammalian cranial neural crest
during tooth and mandibular morphogenesis. Devel-
opment 2000; 127: 1671-1679.

6) Niibe K, Zhang M, Nakazawa K, Morikawa §,
Nakagawa T, Matsuzaki Y et al. The potential of
enriched mesenchymal stem cells with neural crest
cell phenotypes as a cell source for regenerative den-
tistry. Jpn Dent Sci Rev 2017; 53(2): 25-33.

7) Egusa H, Sonoyama W, Nishimura M, Atsuta I,
Akiyama K. Stem cells in dentistry--part I: stem cell
sources. J Prosthodont Res 2012; 56: 151-165.

8) Gronthos S, Brahim J, Li W, Fisher LW, Cherman N,
Boyde A et al. Stem cell properties of human dental

9)

10)

11)

12)

13)

14)

15)

16)

17)

18)

19)

20)

21)

pulp stem cells. J Dent Res 2002; 81: 5631-535.
Miura M, Gronthos S, Zhao M, Lu B, Fisher LW, Robey
PG et al. SHED: stem cells from human exfoliated
deciduous teeth. Proc Natl Acad Sci U S A 2003; 100:
5807-5812.

Seo BM, Miura M, Gronthos S, Bartold PM, Batouli S,
Brahim J et al. Investigation of multipotent postnatal
stem cells from human periodontal ligament. Lancet
2004; 364(9429): 149-155.

Ikeda E, Yagi K, Kojima M, Yagyuu T, Ohshima A,
Sobajima S et al. Multipotent cells from the human
third molar: feasibility of cell-based therapy for liver
disease. Differentiation 2008; 76: 495-505.

Yao S, Pan F, Prpic V, Wise GE. Differentiation of
stem cells in the dental follicle. J Dent Res 2008; 87:
767-771.

Sonoyama W, Liu Y, Fang D, Yamaza T, Seo BM,
Zhang C et al. Mesenchymal stem cell-mediated func-
tional tooth regeneration in swine. PLoS One 2006; 1:
e79.

Crespi R, Vinci R, Cappare P, Gherlone E, Romanos
GE. Calvarial versus iliac crest for autologous bone
graft material for a sinus lift procedure: a histomor-
phometric study. Int J Oral Maxillofac Implants 2007;
22: 527-532.

Akintoye SO, Lam T, Shi S, Brahim J, Collins MT,
Robey PG. Skeletal site-specific characterization of
orofacial and iliac crest human bone marrow stromal
cells in same individuals. Bone 2006; 38: 758-768.
Zhang Q, Shi S, Liu Y, Uyanne J, Shi Y, Shi S et al.
Mesenchymal stem cells derived from human gingiva
are capable of immunomodulatory functions and
ameliorate inflammation-related tissue destruction
in experimental colitis. J Immunol 2009; 183: 7787~
7798.

Tomar GB, Srivastava RK, Gupta N, Barhanpurkar AP,
Pote ST, Jhaveri HM et al. Human gingiva-derived
mesenchymal stem cells are superior to bone mar-
row-derived mesenchymal stem cells for cell therapy
in regenerative medicine. Biochem Biophys Res
Commun 2010; 393: 377-383.

Marynka-Kalmani K, Treves S, Yafee M, Rachima H,
Gafni Y, Cohen MA et al. The lamina propria of adult
human oral mucosa harbors a novel stem cell popula-
tion. Stem Cells 2010; 28: 984-995.

Fell HB. The Osteogenic Capacity in vitro of Perios-
teum and Endosteum Isolated from the Limb Skeleton
of Fowl Embryos and Young Chicks. J Anat 1932;
66(Pt 2): 157-180. 11.

De Bari C, Dell’Accio F, Vanlauwe J, Eyckmans J,
Khan IM, Archer CW et al. Mesenchymal multipo-
tency of adult human periosteal cells demonstrated
by single-cell lineage analysis. Arthritis Rheum 2006;
54: 1209-1221.

Agata H, Asahina I, Yamazaki Y, Uchida M, Shinohara
Y, Honda MJ et al. Effective bone engineering with
periosteum-derived cells. J Dent Res 2007; 86: 79-83.



236

22)

23)

24)

25)

26)

27)

28)

29)

30)

31)

32)

33)

34)

35)

H it 2

Nagata M, Hoshina H, Li M, Arasawa M, Uematsu K,
Ogawa S et al. A clinical study of alveolar bone tissue
engineering with cultured autogenous periosteal cells:
coordinated activation of bone formation and resorp-
tion. Bone 2012; 50: 1123-1129.

Gorjup E, Danner S, Rotter N, Habermann J, Brassat U,
Brummendorf TH et al. Glandular tissue from human
pancreas and salivary gland yields similar stem cell
populations. Eur J Cell Biol 2009; 88: 409-421.
Kawano S, Morotomi T, Toyono T, Nakamura N,
Uchida T, Ohishi M et al. Establishment of dental
epithelial cell line (HAT-7) and the cell differentia-
tion dependent on Notch signaling pathway. Connect
Tissue Res 2002; 43(2-3): 409-412.

Sarkar J, Simanian EJ, Tuggy SY, Bartlett JD, Snead
ML, Sugiyama T et al. Comparison of two mouse ame-
loblast-like cell lines for enamel-specific gene expres-
sion. Front Physiol 2014; 5: 277.

Zhang Y, Yan Q, Li W, DenBesten PK. Fluoride down-
regulates the expression of matrix metalloprotein-
ase-20 in human fetal tooth ameloblast-lineage cells
in vitro. Eur J Oral Sci 2006; 114 Suppl 1: 105-110;
discussion 27-9, 380.

Arakaki M, Ishikawa M, Nakamura T, Iwamoto T,
Yamada A, Fukumoto E et al. Role of epithelial-stem
cell interactions during dental cell differentiation. J
Biol Chem 2012; 287: 10590-10601.

Jones PH, Watt FM. Separation of human epidermal
stem cells from transit amplifying cells on the basis of
differences in integrin function and expression. Cell
1993; 73: 713-724.

Izumi K, Tobita T, Feinberg SE. Isolation of human
oral keratinocyte progenitor/stem cells. J Dent Res
2007; 86: 341-346.

Raimondi AR, Molinolo A, Gutkind JS. Rapamycin
prevents early onset of tumorigenesis in an oral-
specific K-ras and p53 two-hit carcinogenesis model.
Cancer Res 2009; 69: 4159-4166.

[zumi K, Feinberg SE, Terashi H, Marcelo CL. Evalu-
ation of transplanted tissue-engineered oral mucosa
equivalents in severe combined immunodeficient
mice. Tissue Eng 2003; 9: 163-174.

Izumi K, Feinberg SE, lida A, Yoshizawa M. Intraoral
grafting of an ex vivo produced oral mucosa equiva-
lent: a preliminary report. Int J Oral Maxillofac Surg
2003; 32: 188-197.

Kishi T, Takao T, Fujita K, Taniguchi H. Clonal pro-
liferation of multipotent stem/progenitor cells in the
neonatal and adult salivary glands. Biochem Biophys
Res Commun 2006; 340: 544-552.

Sato A, Okumura K, Matsumoto S, Hattori K, Hattori
S, Shinohara M et al. Isolation, tissue localization,
and cellular characterization of progenitors derived
from adult human salivary glands. Cloning Stem Cells
2007; 9: 191-205.

Lombaert IM, Brunsting JF, Wierenga PK, Faber H,
Stokman MA, Kok T et al. Rescue of salivary gland

10 % 345 (2018)

36)

37)

38)

39)

40)

41)

42)

43)

44)

45)

46)

47)

48)

function after stem cell transplantation in irradiated
glands. PLoS One 2008; 3(4): e2063.

Maimets M, Rocchi C, Bron R, Pringle S, Kuipers J,
Giepmans BN et al. Long-term in vitro expansion of
salivary gland stem cells driven by wnt signals. Stem
Cell Reports 2016; 6: 150-162.

Takashima Y, Era T, Nakao K, Kondo S, Kasuga M,
Smith AG et al. Neuroepithelial cells supply an initial
transient wave of MSC differentiation. Cell 2007; 129:
1377-1388.

Morikawa S, Mabuchi Y, Niibe K, Suzuki S, Nagoshi N,
Sunabori T et al. Development of mesenchymal stem
cells partially originate from the neural crest. Biochem
Biophys Res Commun 2009; 379: 1114-1119.
Friedenstein AJ, Chailakhjan RK, Lalykina KS. The
development of fibroblast colonies in monolayer cul-
tures of guinea-pig bone marrow and spleen cells. Cell
Tissue Kinet 1970; 3: 393-403.

Horwitz EM, Le Blanc K, Dominici M, Mueller I,
Slaper-Cortenbach I, Marini FC et al. Clarification of
the nomenclature for MSC: The International Society
for Cellular Therapy position statement. Cytotherapy
2005; 7: 393-395.

Morikawa S, Mabuchi Y, Kubota Y, Nagai Y, Niibe K,
Hiratsu E et al. Prospective identification, isolation,
and systemic transplantation of multipotent mesen-
chymal stem cells in murine bone marrow. J Exp Med
2009; 206: 2483-2496.

Niibe K, Morikawa S, Mabuchi Y, Araki D, Nakagawa
T, Okano H et al. Mespl+ early paraxial mesodermal
cells supply initial bone marrow mesenchymal stem
cells capable of differentiating into neural crest lin-
eage cells. Inflammation and Regeneration 2011; 31:
116-124.

Modino SA, Sharpe PT. Tissue engineering of teeth
using adult stem cells. Arch Oral Biol 2005; 50: 255-
258.

Mendes SC, Tibbe JM, Veenhof M, Bakker K, Both S,
Platenburg PP et al. Bone tissue-engineered implants
using human bone marrow stromal cells: effect of cul-
ture conditions and donor age. Tissue Eng 2002; 8:
911-920.

Nishida S, Endo N, Yamagiwa H, Tanizawa T,
Takahashi HE. Number of osteoprogenitor cells in
human bone marrow markedly decreases after skel-
etal maturation. J Bone Miner Metab 1999; 17: 171-
177.

Mueller SM, Glowacki J. Age-related decline in the
osteogenic potential of human bone marrow cells cul-
tured in three-dimensional collagen sponges. J Cell
Biochem 2001; 82: 583-590.

Derubeis AR, Cancedda R. Bone marrow stromal cells
(BMSCs) in bone engineering: limitations and recent
advances. Ann Biomed Eng 2004; 32: 160-165.

Kern S, Eichler H, Stoeve J, Kluter H, Bieback K.
Comparative analysis of mesenchymal stem cells from
bone marrow, umbilical cord blood, or adipose tissue.



49)

50)

51)

52)

53)

54)

55)

i o PR TR X 4 % il 237

Stem Cells 2006; 24: 1294-1301.

Pieri F, Lucarelli E, Corinaldesi G, Aldini NN, Fini
M, Parrilli A et al. Dose-dependent effect of adipose-
derived adult stem cells on vertical bone regeneration
in rabbit calvarium. Biomaterials 2010; 31: 3527-
3535.

Hung CN, Mar K, Chang HC, Chiang YL, Hu HY, Lai
CC et al. A comparison between adipose tissue and
dental pulp as sources of MSCs for tooth regeneration.
Biomaterials 2011; 32: 6995-7005.

Evans MJ, Kaufman MH. Establishment in culture
of pluripotential cells from mouse embryos. Nature
1981; 292(5819): 154-156.

Thomson JA, Itskovitz-Eldor J, Shapiro SS, Waknitz
MA, Swiergiel JJ, Marshall VS et al. Embryonic stem
cell lines derived from human blastocysts. Science
1998; 282(5391): 1145-1147.

Inanc B, Elcin AE, Elcin YM. In vitro differentiation
and attachment of human embryonic stem cells on
periodontal tooth root surfaces. Tissue Eng Part A
2009; 15(11): 3427-3435.

Ning F, Guo Y, Tang J, Zhou J, Zhang H, Lu W et
al. Differentiation of mouse embryonic stem cells into
dental epithelial-like cells induced by ameloblasts
serum-free conditioned medium. Biochem Biophys
Res Commun 2010; 394: 342-347.

Wobus AM, Boheler KR. Embryonic stem cells: pros-
pects for developmental biology and cell therapy.

56)

57)

58)

59)

60)

Physiol Rev 2005; 85: 635-678.

Takahashi K, Tanabe K, Ohnuki M, Narita M, Ichisaka
T, Tomoda K et al. Induction of pluripotent stem cells
from adult human fibroblasts by defined factors. Cell
2007; 131: 861-872.

Niibe K, Kawamura Y, Araki D, Morikawa S, Miura K,
Suzuki S et al. Purified mesenchymal stem cells are an
efficient source for iPS cell induction. PLoS One 2011;
6(3): e17610.

Liu P, Zhang Y, Chen S, Cai J, Pei D. Application of
iPS cells in dental bioengineering and beyond. Stem
Cell Rev 2014; 10: 663-670.

Otsu K, Kumakami-Sakano M, Fujiwara N, Kikuchi K,
Keller L, Lesot H et al. Stem cell sources for tooth
regeneration: current status and future prospects.
Front Physiol 2014; 5: 36.

Mandai M, Kurimoto Y, Takahashi M. Autologous
Induced Stem-Cell-Derived Retinal Cells for Macular
Degeneration. N Engl J Med 2017; 377: 792-793.

HAH MR T RIE

T 980-8575  EHRURLIE T GERCALPEHT 4-1
FALREER A B E

3T - FRA Rl B

Tel: 022-717-8363

Fax: 022-717-8367

E-mail: kunimichi.niibe.d4@tohoku.ac.jp






