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Research Progress of Human Pluripotent Stem Cells in Oral Tissue Engineering
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Abstract Dentition defects, dental defects, and abnormalities in the maxillofacial bone and soft tissues are
frequently caused by tumors, trauma, and bacterial infections. In oral tissue engineering, hPSCs (human pluripotent
stem cells) present novel opportunities for the concurrent rebuilding of tissue structure and biological function due to
their capacity for self-renewal and multidifferentiation. This research reviews the advancement of hPSC applications
in the regeneration of whole teeth, tooth roots, enamel, pulp-dentin complex, periodontal tissues, maxillofacial bone
tissue, and oral soft tissues. It begins with a brief summary of stem cell selection in tissue engineering. The research
status of hPSCs in various fields is then methodically reviewed, with an emphasis on their primary induction differen-
tiation mechanisms, tissue engineering building models, and in vivo regeneration effects. It provides a detailed discus-
sion of the regeneration of maxillofacial bone tissue and the pulp-dentin complex, while also identifying existing tech-

nical bottlenecks in the regeneration of whole teeth, enamel, and oral soft tissues. Finally, it discusses the limitations
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of hPSCs in oral tissue engineering and their future prospects, aiming to provide a reference for further research and

application of hPSCs in oral regenerative medicine.
Keywords

tissue engineering; soft tissue regeneration

UL T 50 2H 2R A ™ 2 R 11 s ) D R AR SR UL
LR, AR s kA M EHME R
1T A0 T 50 1 2H 2 452 DU 6 P B A A e A
AR SR, B E PR RE A ok, AR BB AL 45
A3 F1 7% A8 2H 23 3508 AT PR 45 i) 0 R S AT R 0T OB
FOR UL — PR TR AR . I, B TS0 4e, 4
K A~ A0 48 B A 20 2R TR R B 1 AR 1

MY TR U B 28 H bp 2 f 4 i e 4k oy
200 10 e A 2 i, DA AR AT s B v R SRR
FRE T AT 20 NP Ah, — M AR A 3 A o)
R EEARL G, ¥ R R X I 2 5 40
B85 55—l B A AR S AL (A4 5] A
B SRR G0 I, 58 HAE SR A PR B AR K
THIB N — PR N O H 4. HEL T
A F B 40 i 2 22 B0 45 N 2 BE 41 (human
pluripotent stem cells, hPSCs)F1 A [H] 78 5T + 41 iy
(human mesenchymal stem cells, hMSCs). H
hPSCstlff N5 3 % e T4 Ml (human induced plu-
ripotent stem cells, hiPSCs) A1 A 41 Al (human
embryonic stem cells, hESCs). 1 H T i
AR hMSCs = BEALF5 5K H A #6551 & fi 7]
78 )5 41 ffd(bone marrow mesenchymal stem cells,
BMSCs) 5 F P hMSCs 35 5 56 T 41 g (dental
pulp stem cells, DPSCs). 7 J&l l& - 4f il (periodontal
ligament stem cells, PDLSCs). #2427 3k T4y
(stem cells from apical papilla, SCAPs). #.7 7 #8
T4l (stem cells from human exfoliated deciduous
teeth, SHEDs) M1 " %& T4l }fd (denta follicle stem
cells, DFSCs)% . Jit BMSCsi& &5 1 T4 ## i
A, PO FORIETEBE, 5 R B HLU R AR,
111 25 hMS Cs IE T 28 A o A 2F i 2
UG AR ) 78 SRR ZH AR FEAE 70, kA, J&
S hMSCs B A HU % F e AT Dhee, vI{EA
TR RGBT R AR B0 H AT, 2T hMSCsi
HATIECNHTF AL, FiEa kT HEAe
RSS2 TFENLY A R 2 e R

human pluripotent stem cells; human induced pluripotent stem cells; tooth regeneration; bone

U, HAARCR BN, 20234 1 — T Meta sy
FranN T STURE AL RS . 11841 &, 4R B
7N hMSCsiRIT 4L7E F JR I E 7K F R4S TR FE R
HHBEE T TG FARAT . HFRER,
hMSCsAX L 2% [ [8] 70 J5 0% 3R 0 A IR e, 17 R AR F
RE W2 EFR (B LA, 18] 78 )5 41 i 25 10
REANM, #hee. MM IBAL, DL Sl
B[Rl 45 . By E B2, hMSCs(1)
KBS s, HARARAME IR R A7
ET MR IR IR &5 =25 8, MU & 2%
Fo R A A TS A

FEZ T, hPSCsE A JEFR I F 3 56 #7 AE ) ik
AN AT AT SR A B B T, X — MR PR 9 4H
LT REH T B A PR Bt T R AR MR R B R . AT
DL, hMSCs == B iR e 24U, 1 hPSCsl
B E RO HSRS T HIEEMBEERNE S,
AL IR T s 2H A A R R e (1 S v
LA IR A 4344 11 P 200 PR A B X ) hES Cs B AR
HATCIRIGE TS RE, (H2 A AE S 7 A 40 22
W, FEAE R T TRE . T H A 40 it 2 4 2 1T
K[ hiPSCs#EE SE H AT 5 hESCsH R (R Y, HH
gt R T G HE R R4 B T £ ) R, 80T A B
WREAE IR YT AT AT M, B AR AU TR B AR (1 A
TUIMRYE ", ANk, ORI BE. DS
f6i. ZFil. ZF F B (periodontal ligament, PDL)%§ A
A R 223, T 98 1) B JOR 2H 23 BE 2 2 PR v 2 g 2
ThiPSCs, LAhiPSCs A3 At 1) 1 i 41 40 TR AE 2 Uik
R ARG LA AR A E R
Bz A T AR o 7R R R R A AR T
i, MR B AT YA A, Y5 I 4 A2 B A
HRAB YT BRI o 7 R T 4B SRR T ok R 7
F Y, BT IRRIEFALL, nEFsMIGRA, H
WEsc A Hm i EmENCR. BEENZ, HE
TF LA hiPSCsPR B 17 HAH 20 I S P31 43 2 WL i
Rtz X R BCE . F R p A A
BRI, IR R ) A P R R AR
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Fig.1 Schematic diagram of human pluripotent stem cells applied to oral tissue engineering

A 2L hiPSCsE il 8 1] 4H 27 T F2 5 7 A 40U HL A
IR 5] 308,

BLEY B B AR O 5 5T hPSCsiBIT I I PRI 7T,
B 22 42 P /R AT B AR P U0 gl ot kO LR 2O
S AR PO i FLAE 10 i A AT I N A AT S PR
TG R AT 70, 3 B S SO KR . JEFRA
AREME . f & REE RS AU hiPSCsikF
KRIERKBEDFE EME TEMERE AR
M, hPSCsal 34 4L A 1 g 71 /72 hMSCs
FrAge ). Rk, REHBEZ M A
I M M R AL TR AT TR W e A kR, (R SR A AT
BT hPSCs 5 W& X - S 30 Ty e 1 11 s 20 2 - A=
K=K EARARZE CEE ., T H Al sk Z 55t
hPSCsfE F i 20 23 TR o &2 FH R« G B 43 R
AT S RSB, A LA T JLAEEk
hPSCsTER A FA . FMREA. FRBTHEAE. F
BEF AR A . FRAALEEA . G EsE 458
P VLK O s A A I R, B v it
T hiPSCsTEIX JLANJ7 1] H 14 2 FH 7 B A T3 A7 72 1
) (B 1) ARERIR B BT TN 2% hPSCs M.
F AT ) R 28 4, bR 11 s A5 T 58 2 2 B 4B
E=RIUR T

1 hPSCsTETFHBEFHINA
1.1 2FBEMTIRBE

TEAR N IRIG R & B B, Y E AR ) E R
I o 5 1 22 I 41 Y (neural crest cells, NCCs) R & [
(W78 A R A5 5 BAR, HILESN A IR K E P2,
SRR bR AT B T Rl 2%, Rl 2% 33— 2 T ik
TS R R, 2 1A) 78 A BT B T U ()
KA EER), BB F DL K i 2 A 41
FEAE T AR, TG ER ORh A IR P Rl R A AR
b RERE RSP b B AR A DU S R o A R o B )
TE R L B AR P,

20054, FAn R Bt A B AT R ZH 21 4y 5
T b R A B R A R) TR o 4 A, R B A R
FRLESCIEM B RSN N AR, 3R T B A
TR AT AR BRI AN, S T IR
SERUESE [E S b SR A s A, n] LR
MK BEE. ARG, 27 BAETIEm2H, K
N MSCs B 5 3R1FHE A b Jz 41 i 0 78 54 5 LT 7
%o BHA hESCsHIhiPSCsHl 5| N7 FAE S, A=W T
FARFRHENT F—AKEM B 20134, Caids !
W PRBIR I hiPSCsifs 58 L AN, BUIRHAEE 14.5
REINE R A W MSCstE 8 K& 3 L7 4
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HI, BRhBSCAE, H RSN BB T 9R3
J& , RKILhiPSCsAHUE I b e db— BT 15 el
NS RIAESE K, B UCIESE hiPSCsH] LATE B
Y, I H HEGL (R WA T B 28 5F R G5 4 P A7 A
FARBH G 5 RF R P R G 4. B
SRAZAAR Z8 TP ) 28 AR Jo R i SRR T/ B IR ]
R, HRTERGERE AR A8 A B L, H
U O 2 E N T hiPSCs 4 F AR 9T
BEL T U7 ). Kim35 P FUIE S hiPSCs Al
hESCs7r b N b BRI 5 AU DPSCs 3£ 77 20 d
J& , A R ARIE I RSN A B SRAR IS 2 B4
PR, N2 L1930%. SR, 2500t 70 3R VAN
KIRT T BRI AR A5 T R o
JATE TR, ME ASEIA 2 FEAE I Im R A . AR
A S FH 2 S W R TR 70 5T A ) T vk
FE/NIE AR SR AL 58 TSRPS0 B0, BROMR A H )
U B A RALRMM T RIS E UG 2T H
Az BT AR 20 R AE 55 TR I 25 5 3 2 B AT S U
P, ARSCAHOE Z A2, BETHE, RSB EER
AL BN A B AL A B 2 3%
T, BTSN B AR H TR =440 45
o MEGHLR TR B ARG ERAEN, MEEE
BRI A 5 A E IR B I AR AN B R R )
At BAHATOAAET THREHEE R, H
ZHW T AL R RN, Kim &% P
{5 F B L 245 & 4 1 4(bone morphogenetic protein 4,
BMP4)i% T hiPSCsZ fUIE {4 (embryoid body, EB)[fi 7k
534k, B85 18 BMPAIi 7 Noggin 5 3 J2 A4 K
[A-F (epidermal growth factor, EGF)k 5155 G157 7 I
BN, 58 J5 K FL BT T R I B s SR AR A
Rl S 2 B, &5 AR S A 8 m 304 OB 40 i 70 4L
FHIRAR E VIR 5 /D [F]JEAE 3(distal-less homeobox 3,
DLX3)H: [R5 X% 8 f 7 85 1 (X-linked amelogenin,
AMELX), H BRI A0 AWz 445 & 7 F T4 Rsii™
b, WHIC T RA T 3T hiPSCsHI A MR, A
T AR SR AR 4 5 P AR (R AT RE

X F MR, Sonoyama®s PR HL KR
SCAPsH1 PDLSCs ¥ 2 HE B K A7 /IR = F5 S 4N
ANIERUE N AT D AR S R AR R
F AR AEIEF R . EJREE T, Guo ™)
THEE 11544 25 A3 Ja 28 1R Mot i 1) BB EAT I PR K6
A AT JE 4 L 5 A BT 5 5T 5 hDPSCs IR 4l &, J

RN 7% 7 1 f e e, R I hDPSCs SR AR 1R i 44
BT LA I A RO 2 1 8 DL R - A
21, SRR K2, H AT ARE 5T hPSCsH A R
A2 N T B sl RS i Sk, X AT RS
MR B ME R TR T TR E Bl
S5, ROk B RN b RS ARl B R R 2 AR T ) S e
TR b R AR, B S b ARSI 5 O FL Sk TR 78 o 4
MO RA AN . i, E— D, ARSI
S ALBW L A R S AN A = T e
I3 R AE DA AR S 78 0 1540

M2, HT hPSCsM A F A5 F R A
b TR B, B AEAEH hPSCsHy i 7 M 248
BB ST R AL T AR EARES . AR B RTHIE S
hPSCsHENS 734 o 2 b B 5 240 Wi 5 v 368 5k 48 ff = 245
FRSLIF FEA LI AR, (0 A B 28I, 2 AEES
Fr I R AT S YR o0 i R SR M . LR A,
T ek I BOR#s SRUR T B R, AR RS I RERIE T
FLk, AR o S R SRR T Fe 4, =
A R K B L R e A L. BRI, e
FIFH hPSCsH & B A7 e B AR 45 1) . #h 2 R4t
J R SRR S REMEAE WA, AT Aok O i
ST AR e i B BRI T 7 TRl 22—
1.2 FHRBE

FS A i oG A A P M — JE A B 45 R B A A
21, BOR A A 58 ORI BE 5T 0 I S JE 2 R AR T
PEFT:, PRI 2 il B i 5 o vk B FR AR S, SR
BE5 hiPSCsHIK I, A VF 2 i 70 R T hiPSCsi5 3
FURYE b B SORSCRI AN B I oA, SRSk TSR T 4
T, hiPSCsIiE S EBG =M &R, B —RK
& LK AR I 3R P b 4 i A i) 5% )2 84
R A R %L | 5 S hiPSCs/M b N B g B v
Y ECRA RS 20 L ) 20 e 7280 B R R K
IR, RN G T SR B O A M ) R B
Wi, BAAKS, B KhiPSCs BT R LA =
W Z 5 EB, Fifi f5 18 il s BMP. ML R Bl
JHIA-F(Sonic hedgehog, SHH){% 5@ , i/5 5 EB
P BRI Z Ak, kT o4 i . H AT
SRIESZBMP. SHH. WNT. EGF TGFBZ:4 i [Xl
F B T WA TR SME T hiPSCs € 7] 7046 22 8
B {E A S A R A B DR S I R 2R S e ATLIA R
RPN, @ 5oRIE T MG 28 14~ 16 KW BT 7 I
(1) 28 4 ) 7 J5 40 i 4 5% 97 A A 2R R 3
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T, hiPSCs T 7344 A A3l 20 B S 40 7= A= {4
ZIB0, B = RN B IR, 1Rl 2 5t 7t b
R B AMMRYR T 28 = BB F #eB32, Alghadeer
S5 PhE A WCER IR LA R T 35T 540 I RN AP, %
Bl TN R E R, #E T AT RE SR
BT FEA MR, RGN T Rl 28 i o3 A £
KEEFIBMP. WNT. J4F 4 41 i A= 4 X+ (fibroblast
growth factor, FGF)F1ji|J8 (hedgehog, HH){5 5 4%
W25, 4L L T 3T hPSCsh & B BT S 1K
e, BRI FH R R BT 4 240 B KR ¥ hiPSCs i
A T ORI AR B, B S5 K 1% 40 i 5 hDPSCs
LR IR T AT BORM 40 R 40 i 1R 2R 3 B A5 A
/N B PN S8 UE SR 9 8 5, A kil AMELX (1)
WA Rl R 25 K T

JE LT hPSCs Y AR At i 175 5 A0 25 Rl A 2
U RIS T E B R, (H YR T 3 EAT R A
TSGRl 24H A A4 J2 T, 3 oA 5 4 L S R PR T Rl o
B RAE RAE R 5 SR 2 AR A . thAh,
SN SRR P REAE SR, BIF ST AT A A SRR T/ BRI
Jo 2 JBS I 1 25 5 B2 (matrigel), A< SRAT 5 BRIl PR 27K
BB 6B SR IER X M T M. &F
FAEHARVE
1.3 FEEFABREYE

AR EERES, T A KSZ 40 B AE N R
L RCFE RN EUE A AL, B BT A
J5T 200 PR AN W7 73 2 A5, R AT A ) 2 LSk T
BT 7 AT S P NTE A . T4
FOTHH E, YRR A, 4R R T 0
AFERAL T 75 (1) DPSCsIL# 245 473 5 A7 73 A0 B A A%
RN, BEMA T RIS Z VT AT, A A
FEAMREERE , FLTV e BEMR A B . DR 20 23 TR
QUIEHCIZ Y BRI, AN AT AR AR A
SRR, AT REN TR EE T AR T,
KR FERFT T A AR E AL, B EE
A WAL T B, — Bl R T 20 R E S 1z
HEROA, F— Mo S T A R TR R AR 40
FOR, M TR, JEE A2 EE TSR, BAE
Iz B SR 5 .

UHTFTIR, A BER) KRR T NCCs, NCCs By
Z M AT RE, A2 AR N AT AT 2 AR Y 2 AR i a4
Ji, {H 4350 H KB NCCs A 24 R #EB30, JET- i,
1£17 S hPSCsIE il NCCs(hPSCs-NCCs) i , Fiitt—5

PR HE Mk, =B FT BE Ao AR ) 3 BT
EEUR

HWF AL, BEHAKREF A L% S hPSCs-
NCCsH % H M40, Kidwai%s ¥ hESCs /b N
hESCs-hMSCs i ¥ il FGF8 1 BMP4, 5 5 hESCs-
hMSCsT¥ % 1 215 7 4% 5T #E 3% 25 1 (dentin sialo-
phosphoprotein, DSPP)-5 7 A Jii % Jiii 2 [ 1(dentin
matrix protein 1, DMP 1) A A FE4H L. Zhang
S DOPPAS T O9-178 Bl il 4 22 IS 24 i 5% 5 hPSCs-
NCCsHIF AR RLRE 7, IESE T #3447 45 I BMP4
(3R 58 35 g T il = 25 1% DSPP -5 DMP 1 RLF A
JRFEANA, PR T s a i, LR RA
JC BRL 1] 18 8 AE 7 10 hPSCs-NCCs, &7 th & &M F
YL/ 28 A AT — L B S 4 SRR
Seki % YO I #% Yt Pax 9 Bmp4 3R 1K ik, 75 &
Y5 1 iPSCs-NCCs(miPSCs-NCCs)JF L 4 4 i ke
Y. AE ST ) — A FE , Aratjosd I KR
WA AR R JFE KB RN RN BT T T
KIFIG L, BRI T IR R IR S A R
WAL EE 10 WNTE A TE 7 5 2040 AS [R] B 18] B HH 1)
YER, 25 %H] 7 WNT10B EZ AL k0L B 5, 1M
WNTSBAMY AT J5 8l 434k, 38 AT 12 Bl 28 A 5 40 it
B H TR BRI, 15T 5 AT BRI,
AL B9 Micro-CTH A 5 I AL T AR 5 44
R, R ECIER2 F ATNE TR R, 75 Y %
(17 28546 1R 2 v P A A 1) A etk 4 2R

Xie WIPEA 1 H1 DPSCsH 4w F2 (1) hiPSCs 71k
B A SFAE AT B8, 4 hiPSCsHef 22 2 L-FL
T A2 0 Pt 4 28 Ao S, R il AR, B Ak o
7228 dfa, RIAEIARPN LR T BA ERF A5 1)
K BEHN . M T DPSCs KL G 101k g
225, hiPSCsPEIESAL 25 144 it i R B B A
J I o AR B . SR T A B AR A, K
(00 S5 AN S A SR, T O B LA, AR R
[N, 37 A A X AR FRAR SR FLIR NARE PR
PRI REPE T, an SR PRk i 4k, 4 MRS S R
PSR AR B AR IR BE 445 R T 75 5 R A I 2
DL B A0 i 52 G R T3 AR B F2 B #4 . Cho %
INRZE] T NI A B2 418 (human vascular endotheli-
al cells, h(UVECs) B EME | HIF 7055 MBS o b B
hDPSCsH g2 NhiPSCs, #f— 344 H 5344 AhiPSCs-
hUVECs/a, #hiPSCs-hUVECs 5hDPSCs L1597, 45
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SR SR A5 4N M 25 31 bR 4 DSPPRIA R % I
W, I 28 28 B RE J1 AR 8T A hiPSCs-hUVECs
(%) R 2 5 3 3 i, SR TR A2, R g IR AE
MR A P HEATIRAIE . T, KobayashiZ “24.41 fifd [4]
FFGF4MIFGF95- 5 I P hPSCs-NCCs5 E A 12 ifi.
BT T 22 OK B TR A i N A R i N
MR I Y, PR LR AN /DN BRAR P, 12 SR 1) P A o
RN R A Ry 0 T Rk S 151 2
T AR Z50T A8 T8 5 11 3 I8 RO o) 2 R0 A 4 B A7
i, RAENT WA BRI RL T & F 5 ME N F
BEFELHZR . AR HE S I BT A 53 40 A 4 PR 2 DA
FARJFREIE AR A A, B T B AA A
FRHERE A -F HE A8

R hPSCs U UESERESS b N T 88 F AR
G, (A2 BT A AR BRSO R A HE I
EWREEA AR, BARD G AR T HEH R
W — BRI AR RA T RLRF 2L G
2 ¢ i i [0 0 3 T e A A B OF A R A AR R T K
AR N PEA
1.4 FREBLEEE

TF 98 R B H I R0 B A AR M R 2
—o JEAER, Sl RHHLAEA. HIRERE. Bk
HRESHEARDZRA T HARGHRESE, A
ARG T i 2 i A YA T AE A 4, I IRVATT R R
AT, R, R AL A o A FE AR R s ATk
Bt EL PR AR 1 ) —

O 7C R W, PDLSCsYE F A 44U A
EEBEMEN, BAARPDL. FEF. FHlE. M
BRI A 68 7, SR 1T PDLSCsRVFSZ PR . 4
= AR B0 5 VR A, R SR B AR AT
R4, WangZ5E WL hiPSCsTER N ) & B,
15 FH %23 B iff 4% 97 2 K5 hiPSCs 4 NCCsi%s 5 ik hiP-
DLSCs. Hamano% P IL¥S hPSCs-NCCs¥i 7= 7E A
PDLZH il ) 48 il 41 J£ 52 1, k45 T hiPDLSCs. Sugi-
uraZ CURIAT 58 38 T PAXOHIVR INTE X — i A2 A 1)
R, I BRI PDLKJE [ hiPSCs b IR #i i 20
ZURVR I hiPSCs B A B /5 (1) 7€ 7] 43 4k B 71 I NCCs
bR EMRIEKT B, YinZE BIWF ST T hiPSCsk
TR hMSCs et A U0 I Re T, UESE T 1597
28 dJi5, hiPSCs-hMSCs =318 U JE A . 21454 ik
FEDFN B A R R . Ak, A0SO hPSCs$s
FRPESZ 28, RS M N F A8 N EAT I J R 1697 2%

FPPAl

ChienZ5PM ¥ hiPSCsE 35 A\ 1 BMP6 {1 # i 7¢
SRV /A J I H T KR P, RN E S i
K BB i IR 6 J, Seie 4 SUE SRR 2 &
e ZAEHE T hiPSCsIIR N B 04k 4 4 21 23 11)
A UL B IR Al . YamashitaZs BV hiPSCs-
NCCsH; 7= £ N\ PDLAH ML F 40 Mo Ah 2L i o, 3R45 T
hiPDLSCs, Fifi J5 6 Ho e T B-Bi g =45 S B2 R A
PR TS ERRE 288, SLIGIE S PDLAE LT 4EAE . X
FPDLSCsH 5| 54 AL FHAE, Ef IRKIRE T
J&, {H K WhPSCsHH FHRIE T, {H 2 77 BTN A2,
KA AN A AE 22 21 4, SR H 37 hPSCsHit 7t
WIS BE B A X b R 9l NG5 48, L H AT 2 500t ST AR
RAETEPDL, $h=Z A B RIS RiFEFHR.

TAh, F R SARTT TR T O R A P
WA . SRR BT 7T S hMSCSTES AN AR ) B
G AT RV, HEAT B I A g R B AR
% F hMSCs B, hiPSCs-hMSCsAH2& —Ff 5y
HAE AR 0% 1 S 40 i FF . hiPSCs-hMSCs 5 R AR
hMSCs ) G 2 1V 5 RF PG L SIS RS2, A& 1) G 9%
Re 15 a4, R R AR R, miPSCs-
MSCsYaJT fa 2 I A & WSO ZE 5 R 0E K 1Rk
7K 2 35 B AIG 1, 4iF 52 hiPSCs-hMSCs B A T 12 B 5%

=i B
Al &<

2 hPSCsTEBHLATIEHRRHNA

OF R AR LT S M, R Guia T ik
FERFMEMEN, TLE, BHRTREUILEY
MM B AR el B AR R XU
LRSS Bz . Hod, BT 4H BhPSCs 1 .
T3 T EALFELE RSN 38 5340 T 0B 240 P ) 22 o
CIRE R /E- KA /L)1 5 S N

X T hPSCSTEARAN 446 2F T 704 i 4 e
IR, IR EE PR, — R ZhMSCsiiE
I3k, 3 —FRhPSCs H 2704 A il 4 il . X4
hMSCshHH b E EAHE EBIE AR 2. Bl & 48
1 el hiPSCsIE R A [ =2 /- 34 EB, [
S VN I D BEAL A D W0 25 S AR S PR SB431542,
JE [A]175 3 EB A /MR 2 2346, 1%, [ J5 {3 EB U BE I 30F
— BRI AL A P75 S EBM hMSCs /313815 hiPSCs-
hMSCs. 11 J& & B2 705 Wi ok B e 5 ks 75 56 1
F hiPSCs[a hMSCs/4t., H a4 s in oy ae b &4
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WICHIR990211), Jif = ASE M HLE S, LW Y
R EB. £ hMSCs[#) hiPSCsHH 731k 7 % R 704k
REE S WAEWIH, {HhiPSCs-hMSCs4lifh & i
TN 2 i g sloi sU4E e oy ik, R B R, HL
hiPSCs-hMSCsfilt = 4t — [ R 1 br & T 41 f %
5E , hiPSCs-hMSCs [ K AT) 75 B2 2 It 78150

B R 2 18 56 1T hiPSCs-hMSCsix
—PBR, HEREOR hPSCsif TR g0, FIFE A
EBVZ A 2y W R 7 70, SR A% G 10 i B 97 2
B PRI, TR il 5 75 I I B /N o 1
WIRRF O, gERIRC, FME R SO%, HFE
EREE, Z2HE TR T &6 G4 MIE (fetal
bovine serum, FBS) #5724k, SR PEY i BR 1] 1
BCE A A JE SR Im IR TR R o A, X T RE
S IR 53 B A Al AL AT 2 B PR A 7, H ATk
Z AN RCE A IR B R T bR B, Bl dn, B2
JfI470 5 -1 (stromal cell antigen-1, STRO-1). Bl 4:
TR AN T i )i % (collagen type I alpha 1 chain,
COLIA)E T H T4 B i 4 i, (HIX e 8 1 9
e B AR U0 Rk, SR AN SR
b, AR5 T B £ 1O ERIPSCs-hMSCs K,
B 20 AR Ak DL ARSI IE R 3 7, NS BRI
PR . FH 2 4 78 22 10 24

(RS = A W o S iy v P S
M2, Hp SO RhE g sl T
YT B AL R IR 4%, (R BELR B BN B . B A U, 4
LR ) 22 9 BB 5 3 RN R AEE I
WBMP4. FGF2. Ji & &4 KK 71 (insulin-
like growth factor 1, IGF 1) i /NG Y5 4 2B K IR 7
(platelet-derived growth factor, PDGF)%5 !, H Fix}
F =45 A TR, hiPSCsH N H 2T AR id
PRAR, ST R RUNE T AN [F] S 40 RS hiPSCs iz
A .

DuanZs 7 miPSCs >R Y& i) EBR: 77 75 & i 2
JRATAEDIEE IR A T dJE, HeM T B K A IR
R 22 R A b, B S R AE N RR BT A ES 7
B R AL, 45 RUE S AT (R o & B A
IEH F AP K. GelMAZK &L AT 1A fi R 5t
Ji2 TR R A UE S e s (e it A AU AR 9, SR
(A, 72 2H R0 I AR T 4 SR T I A R
hiPSCs5 hUVECs#t [A] 55 77 75 # B2 £5 7K Je (calcium
phosphate cement, CPC)3Z 42 i, BEAEAR 1K B

BT R AR s U A R B S A R A i
FVGRER DK SEE (1) i V- 22 SOIRA ML, 5 i 58 A B 4
S, SLIRR R BESE R, KM T R A0
hUVECsHThiPSCs ] CPCSC A ARR AN, B
A =2 b R — R A ) S B e A AR R
PR, i CPCS At — D 4445 RGDAK, K w4
SR AN A I AE A e 77

AW R (bioactive glasses, BGs) B 58
B ERG AR, AWM TR E 1]
S 4 RS R I AR Y. R BGs 2 i &
Wz BRI, Ak hMSCsTE AR T4, 55T
hPSCs AT 7T E 2] 20194E 4 HIL T 5K, 9K
MM B 7 G I RE D RIFER T 2 0H 9T, a9 K
(gold nanorods, GNs)* 54447 GNs ¥ KBRS i 12t
hMSCs. hESCs. PDLSCs% 4l i i 731 (1 5E b
Iz 08, {BAE hiPSCsH #1 K WA 7. X440
1 5% (graphene oxide, GO), f i 7T IUE SR8 GO
BRI O 2R CIRIEF R 22338 GOIE TR
fik -1(bone forming peptide-1, BFP-1)J:&1fif - 2
PTG FEL T K EF4E S 28 3 IR /GO/MgOgR K £F 4
S IEBIEE BRI BEhiPSCs U 7044 o

IR, BB, REESHRATEN
TR BB AR , W16 138 38 B 2R B H 2R 4a i
A1, HAE/NT500 pm, 35 7R B R AR AEBR AL, B = 1
B OERATREE R, T2 5 55T m A s
B ARG, W TREAESEE. HIZH
ROV S, SEPR_BHR R AL G 2R 8% B 4 Ml 454
HLATHELYHITES, FH TREFERRAREE
(R A e AT 42, [RIIER 2R 2% 5 1 B 4 2R RE T
WL TAR I RN B ThRE . — AN A
172 LiSE SR 3E i T AR S A i i 40 MR A 558,
HoF hiPSCsiTAE B L8 M s K88 B AR IR A2 2
LR A SN, EENREWHE. IS
MRS B AR R M 2% . AR R A
PR LR AE RN B R A A 4 I, 5 R SR i 1 4 i
Ao T E AR AL Kz AR /N SRR
JE SR, AR W] 515 F A LR R AR A
2GR A M RS KT HREEW
BRI TR 27 HARZRIR PO, AR SCA FEEIR

S S 2, 3 LA ST hPSCs i = 4E S 8wt 7t
FERHEL D, H 2 HUR RIS, Sh= 728 K30
AN ISIE . Ak, A /N B R A 2 DL 5E 4 154U
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R1 hPSCsH T E R B HARIMEE AR
Table 1 hPSCs for maxillofacial bone tissue defect repair
il FB& BRI TH] 4R
Cell line Method Osteogenic time Result

hiPSCs-hMSCs #7) In vitro: EB method for hiPSCs-hMSCs
induction, direct method for osteogenic
differentiation

In vivo: embed the hiPSCs-hMSCs in a fibrin
gel and graft them onto an HA/TCP scaffold
EB method for hiPSCs-hMSCs induction,
direct method for osteogenic differentiation

by adding Ca,MgSi,0;

hiPSCs-hMSCs ¥

hESCs/hiPSCs *) In vitro: direct method for osteogenic
differentiation by adding adenosine to acquire
osteoblasts

In vivo: loaded osteoblasts into macroporous
hydrogels

In vitro: EB method for hiPSCs-hMSCs

induction, direct method for osteogenic

hiPSCs-MPLCs
(mesenchymal
progenitor-like
cells) %

differentiation with adding retinoic acid

In vivo: seed hiPSCs-MPLCs onto three-
dimensional biomimetic scaffolds composed
of hydroxyapatite and poly (L-lactic acid)/poly
(lactic-co-glycolide)

In vitro: hUVECs co-cultured with hiPSCs-
MSCs

In vivo: (O CPC scaffold alone;

(2 hUVEC-seeded CPC;

(3 hiPSC-MSC-seeded CPC;

(@) hUVECs co-cultured with hiPSCs-MSCs
on CPC scaffolds

hiPSCs-hMSCs and
hUVECs !

hiPSCs ™ hiPSCs cultured on the strontium and cobalt-
containing BGs
hiPSCs cultured on the gelatin/GO/MgO

nanofibers

hiPSCs

Twenty-one days in
vitro

Eight weeks in vivo

Twenty-one days in

vitro

Twenty-one days in
vitro
Sixteen weeks in

vivo

Fourteen days in
vitro

Eight weeks in vivo

Twenty-one days in
vitro

Eight weeks in vivo

Twenty-one days in
vitro
Twenty-one days in

vitro

In vitro: significant upregulation of osteogenesis-
related genes such as RUNX2, ALP, COLIAI, BSP,
and OCN

In vivo: an increase in bone volume, the formation
of new trabeculae and mature collagen matrix
Significant upregulation of osteogenesis-related
markers such as RUNX2, BMP2, COL1A1, BSP,
and OCN

In vitro: significant upregulation of osteogenesis-
related genes such as RUNX2, and OCN

In vivo: cell-laden matrices were permeated

with intraluminal red blood cells and new bone
deposited (area fraction: 40%)

In vitro: upregulation of osteogenesis-related genes
such as RUNX2, ALP, and OCN

In vivo: the co-culture group showed the highest
amount of new bone deposited (area fraction:
32.61%)

In vitro: granular-like bone nodules deposited,
microcapillary-like structures formed a meshwork
In vivo: the co-culture group showed the highest
amount of new bone deposited (area fraction:
46.38%=+3.80%), and new blood vessels were
formed inside the defect

Overexpress the osteogenic markers OCN, osteo-
nectin, and RUNX2

Bone nodules deposited, elevated ALP (alkaline
phosphatase) activity, and upregulation of osteo-
genesis-related markers such as RUNX2, COL1A1,
ALP, and OCN

P IR B, T B S 0TS P A
EPE AR, T BT A TR ekt
B e sk hPSCs I T LI 4L L5k 5L
KARTHERT FE L5 I E 1470,

3 hPSCsTEOEFMRES FiRRBALAHTE
R

TR 1 B REVE Jy 1 s Bk A 2, s ik
YL BRAEHUR R TS B E I AR . T4
il 3R0 1 2 B PR B RS I L VR S8
A A SE 0 1 R . RIS/ AT — B D 4
B, TR I A DU 75 ) P A B R R D B o

HBRETERIHMTBE . SN EERE, FHE
PR IX ZIRFAR, B ARG HRER AR, H
ISR, B0 708 hPSCs 5] N 2 A 450
DAL I s R 2 2R B S B A 25 A AT Dy e

1 fs 266 S ph 2 2 itk b R 2 TR JE RN A
TEMB, XREABTINEERER FEARYE
AN 18] 76 5 SR T 16 45 4% Al 2o [F) 20 Ak . A ER 2
BEHL, DEFEETZEGHS, HIHE
e, Rk H R A VR S TR AR O
ARG HAE. AR FEEER T hPSCslA -3
JZ 501k, DasFIACIEHRIE T8 /N B ESCs = 4k 1
TR R AR Al R 7k . BT ek
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ESCsfERAN e 5T N 155010 8 d, Bl J5 410
AR BESCsith — b 28 I J51 S 4R 3 1 FF 46 T
RSB B SR S AT R =4 b R m) oAk, 5557
14 dJ5 45 FAUE LA = R IE b AR B4R M & A
5/13/18/19(cytokeratin 5/13/18/19, CK5/13/18/19)#1
E-£5 3 8 1 2 2 8RR _E R A s 7R IX T FL
hPSCsfASL 5 TRl H] 1 FBS, AHE T H (L i
ARAHIR A, FBSZL b 2 A B A S iy, SRTTFBS
(1) 7 8 1 B 23 BELAS 1 2t FE I IR ek . (137
B, BT hPSCsHE M fia R i 25 2 B A Y
AR IR A 32 3 5 FOGE, K9 B G 7L
e, PR N EE R &2 R AR DR A I
R ALAIT 70T R

bR T AL — &Ry, AR AL AN ]
T 70 9 A GRER T A A 68 R ERvE AR
W ERLL R S F R E RS G B, BT
NAEHERE. BEZE5ME M, F R
FHCT HoAh F T NS A% . IR B hPSCshf 7t
2 RETHMA FBEEE, R RN O 4
ZUT AR B — A AT . (R T T iE &b
B B A N i FedR e A | B N AR
(reconstructed human gingiva, RhG)# 7 & 7 Rl p 22
PRI S M O A AR . 4% 4 RhG HH 2 R A
AT B B R J2 A R 2 2 2 P o7 T i D 22 I
N, P A 3 = 4ERhG, T BrueskeZ:P 1 hiPSCs
HEBIRE-A 4R A E FRhGE K& . 45
R, hiPSCs#5 77 2 Ja e 2k, HARMEASA
WRZA SN 5 FLAE HIMLAE D9 hiPSCs bS5 73 77 30k
TR R T, — T T B R AR N OF R A S B
MG bR JEI)R, 5 — 7 T R 4R R i At
MM E BRI, AT LT RRINGE A
B, S A AR AMERISRAG 5 R IR W a E —FUr) E
PR GHEFTUESE , hiPSCSTE i 4 4 TRE ¢
BAR R Rl R MR RIEAE R, AR E N A SUE
S P4 RIR, X — K INNhPSCsTEAL 2 T 240
) SRR O RE T A BRSBTS L, Ak
AL T hPSCsf M R 3R 2 2R B AR HOR FIBLAL R, U
R — PR TR E T R TR 2Rt
R 22 230 o 25 255 S s

4 REERE
1E O sl TREWF 5 A, ST hPSCsHIHT 77 0

N T BRI /7. hPSCsa] LLFEARAME S04k 1k
SR AR, B HEF R E ARSI b R R A
() 0 R A P22 IR 4 B, ) FCE 14 1 A B 4
PRI 5 ) S 200 B R e 2 i A58 10

EFEAENAL TR —NEEER, FK
ReEAE MR, . BEAEYEER
H T hPSCs /™ T 14 FE AW 70 Ab T 228 2% B
LB, BRI FL 4 RS A hiPSCsERAGN 1k
FHRFEL L, W T 48 P A de 2 AR ) — 25,
5 H A0 AR IR RN & 25 AR AT, F
RO A RSCATS AR A 28 R () 8 o A R 5 5, AR A
FHLE MM P SRS 7T LT ARA 078
o BbAh, e JCHUAE 4 38 RScRh 48 i 23 4 it 75 1) B
B2 0B, G n] s 3 L 24T v fff b B A 1 R S
SENLE, WAL ) 4 o 41435 R A 1) L 4
SURE L DL U] BRAIE BT 8 4 1) 45 M R e M A T e
PESERTAY A AT R R AR R 1O P AR P AR TE HoAth
-4 g a1 DPSCsH AR 4 2 F A ik g sE P, R
DPSCsTE LU Ag R AR R 2h 2R A9 F AR K
P 001040 f5 8 5L T hPSCs I A M AR FL 285 1
TR F S FERE

JF R 5P AR R B A Rl B AR F S R, A
T hiPSCsIFI AR B, AN AT A (1) Rl R 40 i 7 0% 9t 72 17
BT, KRR S G A ST A5 RURh 40 B 2
W, TR A RSN . TR AR AR A
5 RREA, 2 80 R R ERING 5 0T E
755 hiPSCs-NCCs 736 1% B AR T A 2 (H i AR A
g —4hie, H 280 A8 B A 5RO R
UL R e AT AR 3, 7E S R I PR A X
Fe— KA, hiPSCs2x {4 BA {44 a1 2 WL ist A%
1012, BT LA hiPSCs 2 g F2 o 58 5% 2 YR P 41 B ALl 7~ 58
DRy FELAR OS] SR T SR B 22 BT I P A ) R A R
B AR R JR 058 B3 PR AT hi PS Cs o170 [A] It
J& G 9 — U7 T 7 3 — 2P HE R hiPSCs B gm FE AR
WAL TGS &, ARy MMM r4; 5
— 75 TH 75 RS fRMT hPSCsth N 4h & [H b A 9615 5
WP, R T FIRMER IR R, DAHES hPSCsHH
REAR MG PR AT,

B ST R O R AR B F 78 43,
A G S TR L B S A W T R
SRR RN R R B B R AR AR
P ZR; R =4S 2081 20 ) AR BRI BR, 12
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I 5 22 RE AT R hPSCs Ll 7ML i TB . T
HREEHEARMPE DS, ORI SR T 4
BB RTINS X THAL TR, A H/INEH
A ZhPSCsM FH I S A —, 58 A F
BESE A ZUM EL, JLRIE T B R /b, (HIE SRR O
AR I — S E A3 VR R 7 ). R I B C
P R 2 J2 S5 M an [ 5 2 Bt 9t , 9F
k= FA KA ML A P24 55 7 TH A AL,
HEEAAE, Kt T BAEZARALS TR, H4
ST RR LML A5 A A0k L AR R O 9 2 A, SRk
P B e AR BT RE IR 1 s P A= A A 21

VE N4 T FE 1 3 220 5 B 7 41 i, hiPSCs
5 e 4 i 5L A A R B A i RN 4y R B, Hs )
hiPSCs 8 g F2 4 44 H 115 S 8 7 c-Myce A 5 778 —
E UM, AR E T hiPSCsTERIE FAFAETE
SR R () RV B 2 BE 45 S oK, Uad i 22
FEC B 4 R 206 1D PR U081, 1T 4 7 B g R A AR 0K
IR T SRS 0 L DR AN AR s P U ] R 498 o %
PEEAL I XS . AT FUIRIE T hiPSCs4i il R 5 K
A e LB S et ik R S R g R R AR S L R
YR U0 X F BT T hiPSCs- 5 H 24k (44 48 o 75 I
PR R FH AT 406 200 37 7 A 1) J0 e s o Ak R RN Al AL SR
W&o T MAS T A SR , hiPSCsH 4 FE i £ C 75 A
INNEIAG, (B3 [ AT SRAFAE, Rl 2 ¥ AR
FHHEFE. BEERNITE R SRAGRT . K
A VIREA B ¥, DA AATE hiPSCs 2 4 F2 5 3. FH
CRISPR/Cas9%5 K5 [ g R AR ] /. PRI, 26T
hPSCsif) F 412 T2, MU Fs BT % & HEME
R, BT ST AE A A BRI A HE SR . AT 5,
hiPSCs#& T — 8 D I TR & AT R -F & 2
—, (H ST R R R, A7 SR 2 B2 A
75 THT P

g LRTIA , hPSCsELA 10 78 AR T 4T
Tt 2 % P A I 2 AU ) Kk e, (H L S 56 ==
FLTE AV RRIG RIZTT , A9 K I S A R i £ i —
Yovi o ASKRIHE 705 Bk — D HERR R AS , 32T
hPSCs1) 1 2H 23 TRR I PRI F 22 A 1 R 2001
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