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590 KB 38 LRI, AR BE 2R B g
ARSI AER: (1) MR L, BREE0 T3
PGP RMREE R R A, [RIEER A 4R B R A
R A T R HOREE, AU AP TS E AR
KIREE, oMU R A A R0 T A i S 35S,
(2) TEZ5Yisti R G, BRI B 2f b R RE S S
XA B FZH 2 B R S AR ) RGBS, EATTRERE X pH
WREE . BRSNS AR AR R A Ny, DA T SE B
5N E I SR, RO TIRYTRCRIT D 1
RITEFYL (3) FEIL IR AT, A E WL ey, i
B2 phR s AR 2E T AE R AR i, 1 24
X EBR A R AR N AER T, R A
RIMFAGHEIZ WL T 0T RE. (4) RISV T RESE,
A BE2E MR R A B A SR, AL L A1 3 i 1
W, MANMEIRAE T AR AR R AL (5) #E
FEPRTT U, AR KBk (lipid nanoparticle,
LNP)&F EAR SRR L L3, Aast A s IR
JrPERAL TSR f R L, PR BE AR
N FHIEHES) & FAE B2 POl R T, S Nl
MR TREFTAA BONLIE.  BEE R AWk A5 Foct
MR TR A, AR A RS AR B N fig

F1 ERHNATEEEZNEWIRY

e AL, DAl PR AR T B DA T A R f ke
VES

TEFRA BR2A () R U0, AR R A 0 2 i 20
YUEE 5 AR TR RPLIBL Y. ALk B AE
AT AL B2 R BT T S e I, 0 i HL ] 5
T THRENE RNV T AL R Pk k. S
ARG T TAETF T AR T E 8 i LA
AL YR, MBI FARP T oM . R
iH . PR SR LURTETRR) T AR ]
TREAEIRST . IR D @G . RIERGEPIRIRITH)
QEFFPRI R D). AN, ARERRICFRNSETE TR BT
BRI . SWANGY T RN, XL EAUR T
FHE B2 OB S BUCEOR L& 1D % SCREAOT
BUA RO PERE RN FHZET TR M ThE, b [
T B AMEREBEA T T HEFIPE 34T, A X RS
TSR, ASLER AR AR T A SR AR 2 4 W
ik, FOOBTRIBTTEIEE, TSN ERA BRI RN
F, - DN A ) B~ U B BB AR e BT H
PN BB ZAEE LA, DU
A BR SE AR T4 1 A ) B s B R B O R A
Fetk.

Table 1 Common biomaterials used in regenerative medicine
R PR SR EE S5k
HABER 2 SRR Roifiies 03]
LRI e
ARHAR A4 e e e e s [14]
RESLAE Y HERT R BG-SFAL & bHE} HAYI R [15]
EBAKBR 1GOPCL LA B i i
SR MO, 40K HD vy 1)
e BERPARIEY) Jiti ekt #B 17 mRNA % [18]
i DM B RS A 40 HIRNA . 254y Jtiis [19]
FESRIIA-PCLAE i P 0 L
. DCM I HVBIIL-IBA 5 0 S [20]
’ s " - O LTI
SN R BRI i 2]
Rt o B R
PMDO-PLA@W*%&% JH [ﬂﬁa ?Jx:jﬁﬁj WS E ﬂﬁ%é&lﬂ@*&’{k [23]

a) HA: #3IE05 KA, BG-SF: A= Wih MBS S 224748 K, vGO: AV ML AT 55075, PCL: JRCLNER, PA: KAWL, PMIL: SRk fE 3 —
AL, DCM: 4N EE R, PEG: B2 %, PMDO: 53(s)-H SLngmk —f-2,5- —FiLEME, PLA: IR
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FANE AR B r AR il i T AR A A PR,
MLLSEBIZIBrsia 7 H AR P AR B2 bokl, HORLRE
R REB MO, b REIL LA AL ZUR PR AN
IIREMRIZ. 20122 504RAX, SR —URLAME 2R B2 R
B Z TGRS — R LA i, H
BB BRI S R S R S, At
HE L NTLOIEREEA AT SRR AEY). SR
M, X SRR TAFE B A YAV E 2255 R, a0
R THE A BT RE LG 838 10 TR ik 22 2 Bk
. TEM R T, B AUV AR AR R R T 201142
SOAFAURLE M A, 3 BRI AE T R AR W 7
MR, RVREMS I S LR A A Al A O
MNTITSE BRGNS T AT 42 ) [ B, AT, X LERRE Bt
Tz TE MBS D MR . DU
5, DAKIRBL . DERE BEAMRE, H SRS 2 Fh
FAEYIRHIE, JFTE(L R 2UE 5 AR Jy T
TR,

F 2012 904FAR LK, FREEHAR T A 5 A Bey
S RPN SRR R, AR N A TR =
KERZ —, HBFFAIF R BCIZ SR i . 34
FORHRBE T — A RUFHY =4E AR KL, A0 T4
BT ST, BEmfE RSB R I, K
AW R R ) RS OB AR ROV, B T
DL BN PERE R IR A, DA i 4 SR
BHOBAE R, Bl AT AR YA R R R
L AR A TR A, S AR A 2
FHEAE, 42 e AR N B9 A WA AP Rl kL 40U
SRRES). BN, B KRB w2 LA, MY
REMS P R AP RO ANIEE EVE, I RESHILI IR 4R i o
SR LG ATIRE, DoAY AR AN A4 Bt B N i
FLIAEL. MOh, GOKAEYRRE BA ST 1 22 1k
AE, " LLE R R G A Y R R, PR
A AMRHATRYFACRET. B, AT T E L i
LA 22 B de BT AVE P A B2 R R T 2R R

L1 AT IR A A AR

SO IR 5 R R GBI T RE X AR B i i
JELAPRE A @A, . AR B, A
BUgiAN . BT R, LG AR B R KR
IRY IR SEHAG I AR, SR, P T A A A

Prabi . S AU DL FRARIE, 38 P75 2 — A
PR T SRR YT IX S, 2 T (Bone Tis-
sue Engineering, BTE)IF&1EXFERITY 5 F s M A,
N EARG AT SR L T —Fh Bk . BTEM#
OAE Tl I A YA RL I Y BEASASTADL15-2H 2 4 i S b Ak
B SCER, HOMUAA RPN AV ZSE, Rt 2w
ST A KA T, AR A A A
Z 5 (RS RAEAN L, BTERYE R IEHAE TRES
TR BRI FE 0, Jf s TR AR TR
R AR, T E A2, BTEAVIRYEEH 1
BRSO ARG 7T 58, SEBURSTERR T, T
PRI TR AR E WS

4, BTEQUS AT PR h 7T R BA v S
158 4 ML SRS RE T A IR, X SR R LA
MIRERRE . A PARZS R AE TG YE, B4 T R a0
YK 2 FEB K A1 (nano-hydroxyapatite, nHA). =476
PEBYES . B-HiMR =%5(B-tricalcium phosphate, B-TCP),
AT KRR AR LA 4 L BRGDKRAE TR A BRI
[, AHAPEHR G . BREEN . EEEmREL . 52
RSN IR R A Yk ) 2 FHFBTERY. b
MBRL  GUORER A YR AL, BTEM
BHTF RN K TE A SR, B2 a . AR
J7IR) R, A EE M B 2 AUt R A M I AR TR (FR2).

IR, ) 2 i e SR S R AR AN K R AL 3
P A O T R I 4 L Y DN A B0 318 52 1
A R 2 U T 1) — RS, kP A R R AR, A
T H & sl = R W U NZ S sl Re s R AL L RE, S
BT AR R B 1R, = RBE RN
(three-prime repair exonuclease 1, TREX)ERAMJiEKN
—FPOCHERE, 7 TTE BRI N 4L PEDNA SR F,
ERP AN E S IRE, MIERZRERZAniEh, TREX1HY
IIRETEA T2, PRI, Fxhx —PRi,
P BA2IFF S T —Fh 1 SR S [ PR b . ke Ty
b b R T ] 2 SRR A K i F LA BE SRR,
H Bz s A R S REF 22 U HLRE, UKZHTRAMI (re-
combinant translocation associated membrane protein 1)
PERAREL. BRI B S M EDNAVE BR A% R
TREXIHISCHI AR [, T RUAT R0 8 Jf 4 0
TREX 1B BRIIBE, AT {2 2 A [a] 45 200 A 1) 454 Al
AR E VIR ROREME A S, 185 8
Fook T AR AMERIAY TR BN
TERAE SRR 47 2 OGS AR (5, AT LUARIE A BE 1A
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Table 2 Regenerative medicine materials for bone regeneration
sz PRz REST BHEHA R R ER ST S
S
R ik HmiR-27a i R e 4 1, [31]
WEAG e
T BRERIAROS;
(iR RS TR N
IS ZIF-8-REAR KA T 1% TR [32]
.. P Al 58 A KA A AE B
{EFBMAL1FICLOCKZS &
(GEN MR -PVP-IH IR (oK A AL PIEPI3K-AKT{F 53 % [33]
(RN S P
AL
K OHI S ARENE ik IPHIMAPKIER I A 34)
A
R ) (R
ke E ORI it AL AR (351
IR PR BB R B
SRR R THEL
KRk RO H ek R L RO [36]
Sty WAL
(e RIHADRET A 5 [P 37)
T R B s
Aeesk  PPOFBBISCEPMAA Xt F525 FIAPDGE-BE; 38)
" HER 354N W
A TERHERIR A2
KB TisCy T A 7K I B FEE RS HLAM L [39]
MR 8 S
i THCTAPKEF 4 B e )
i et A
kst PCL2 kiR AL ot [41]
fR MR AR
JIEVEREN miR-22431 51 B {4 B L I iflmiR-224; [42]
WL T4 AL
ot A , SR A MERE:
L B0 ZnO-DCDHE:fF AL SRR [43]
- T b JUURET- i oo WLk B U P SR T 45 H [44]
)
IREEIE Ca®"-Alg-PAMIK BRI L fEPEM2RY I A A £k [45]
Sk AT SN WUk ﬁﬁ%ﬁﬁiﬂgZ%%% [46]
- GelMA-MOF/DOPA- P M55 A 1
Kl PR B I SR 7]
SDEYHTEN R MnSiOs Sl i 4 P S Rl i [48]
T B T TN
SDESHTEEE  MoSiOfik 44 R e [49]
TR R CaSio, i PR DU B Tl TRP V4, (50]

B IE AT AR Y AL
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IS R AL BRI RLE TR

AR AL

FERIK ES PN

HA-P(VDF-TrFE)EH, %
Pl

Rawsa 1

AW TR FARAMTT SRR

R

3DAWHTEN AL PLGA BT

k2 A hPTHR R R N A 244

pul2

=

pul

=

pul

=

RREURIR B A LU S5

B I A [51]

AR N T

TRZE PR T 40
A B R

e AR A
A AT AR AR LB
R JAE S5
PEET AR oAl
H R4 25
TP Te e
SEA 2GR
25 ik

[52]

[53]

[54]

a) ZIF: WA kmEEh 48, PVP: B 24 bElid, PDGF-BB: I/ MR T4 A= K I F-BB, MSCs: [RIFT)i 40, PMAA: 3 H SPGB SR
ih, DCD: AN EC Rz, Alg: TFHEREL, PAM: RINREENE, DOPA: 3,4- RHIENER, BMP-2: HIEA &4 -2, P(VDE-TIFE): R RZM-=

M, PLGA: BIR-FHIL LMY, hPTH: AHRSA IR E

7, e R AM YN R A MBS R AL AR PR, B
YHLAE B ST RIGYT HVE F IE B 32 210G, R
LR WA YA RS T AN i R AR AT
RIESNE, BCEBRROL. AR Z B, FIRHRRE B9
KATRE, G0 B wE A U B D) Be Ak AR B 9 kL, AT
VIA SO A2 2F B AR i Ia M2 R A A6 A, SR SR R 1)
IR TR R . TESLIERE [, AR BT 1A
BALSOVfilt FH A IR TURL 3 DAT ER B AR I & T —Flm] [ it v
T FR- L BERR (poly(lactic-co-glycolic  acid), PLGA)
44 M (black phosphorus, BP){ZIREN A £ L%
28, HAUEA RAF A YARZS RN A Wy n] bk, b
B AW Tte. SCInaR, SO Y R BERE S
WM E VRN R 1k,  FEIRENLA A=A T8
A REROAEE, TN B 22U B E FI A= bl
XA 2 BRAE B E PR A SRR, DL RO G ie R4
PLI P HE— PR R, XSO SO B AR 1 %
WRIRIT R AEEEAEH. fEEHEAYRIRN A, HE
S T SUE il 4] GUE SR 3 A8 rp P A~ B 2
BN R L. SR, A T ARG,
BRI B AT XS B I A 75 st A s D 28 e
g R T VA1 s e R k== e AN s M o 1P
AU AT e A HE AP 2 1 PR SR I (T 1), 3X Aok g
B AT A 2 T [ s | A LA G ) T Y 4
THEA B IESERNARKEF, B G5y Fg
BHiEFINEIN RSB A YR, HiESHEAY
()R A5 RE D R RASCR R AL 1307 7y JEL
TEFFAE B2 Ul b, T 207 1 FISIRN AR ARAE R

BIVREOR, M Em AR THnA . BT 20
(mesenchymal stem cells, MSCs)RERETESE M4 T 47
AR ZFh RGN, 15 E i, 72858 RAEHR
AR TR TR YT A BRAR P 5 3. sIRNAFEAR
NP —Fp LU T H, g5 HFFmRNAKE 5P
254, BIFRNATHIRE, PRI E FEH 2L, 7
RN RIGITH, TRAAIAPH & T —Fh L2k R
BFEFIX siRNA (siCA9)FIKartogenin (KGN)Fif B 5
PR D) REAL B TR EG N K R, 0 H 5 AR [R] 78 5T
M PEA T8 9T 42 (osteoarthritis, OA)MVEIT. %
YK ORI AR I ATMIS Cs R H, A IS I 4 it v B e
MISICAI T FCAFE VTR, ARG 1 B 40 M for &k
PR, Hm i IR B R R A, pi 2l T
SAEIALE. [, KRR R KGNE #E T MSCs
FE W MR RO A, RS sR T AU A
e

BT A 8 FH 0 AR B2 A BRI R 5 Th
BAs TR, RRRIDE AT R A R A S
MXene'B A 5 | A B T, 3X SR RHE i S 30
B 1h P 40/ 15 P & (reactive oxygen species, ROS / reac-
tive nitrogen species, RNS)AF {2 RAHC /¥, WEHE R
TERCR. HAh, A D A BB s i
PSR IR, U R AR 3% g DR R 4 1y e
REM S22 G, A E M RTE B AR TR A
JEBL E R T, (BRI R H AT I 1 2 Pk K.
o, e R RO R — A W 1 ), T RE S EOR S
RIEF Wi E @A AR RN, MBI RE R 22
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@ BM-MSCs
.'o. =
r TG
Centrifugation Supernatants Col-1 T
Runx-2
- — L ~— W <=k OPN
Osteoblast
Zn/BMP-2 modified Macrophages conditioned Osteogenesis Differentiation
TiO, surfaces medium (MCM)
DBCO-TIO,  Zn BMP-2 znBMp-2 (@) OPN Nuclear Actin Merged

o

TiO,

DBCO-TiO,

30 um

¢ >~ ~ ’
Y 24
|
J

c
N 30 ym

Zn/BMP-2  BMP-2

30 pm

Bl 1 (F4RUR () Zn® FIBMP-2Z IR M A TIO 1T FT SR ARSI A3 AE DT, (a) SEBe TR R 1B ST T 40 L (BMSCs) U B B iR

o) R LY (c); (d) SPEPS LT (IR i E B FE IR T A E 4

Figure 1 (Color online) Zn*" and BMP-2 peptide co-modified TiO, surfaces enhance osteogenic differentiation in vitro

1371 (a) Schematic diagram of

the experimental design; (b) alkaline phosphate staining and (c) alizarin red staining for BMSCs; (d) images of BMSCs after immunofluorescence

staining

A, JEHIE AR E AR AL B SR IUE E b, AR
HONEg E R NI 27 A & oW | =7 A Ry el 1 L DR A
U TR, BEAh, BERHR AR 5 AR R A DT
Bot e G N 2R, bRl 18 B A AT 2 B i 21 41
M. Bz, BEARRERARN B 2 IREE,
AALRERE A SR SN, 30 78 LA A ST 22
A, BOW TR BRI A B E R ARRAIITTE AT 2R
T IR AN REALRIAERL, X LERRLREAS i LA A
PR, VAT A BRI, LA IR R K.

1.2 IR AR AR B R

HARIG A s =B el e, Wk
Z RSB 5 5 SR EAE . A A SRR
Vit P A B AYRRTY . 7RISR, /MR
WG o3 W— ZR PR A AR AR OGN 7, Jlad 15
YA A BN E A AR, U SRR B A A

3924

RGN, 2R R4, S92 2UHR AL B A
HIE, [RINEEER I Y), W ORA 21U E P RE A IE H 2E
Fr. SR, TEMREERRERT | R RAESFIOL T, %
PR TR A= A AL A BERE 2352 B E G, AR
BlEAa AR, RRBMEKEYE . T BERRE
Bt R TERITE.  RAR A A B A — B (e AR T
FE MR AR T, HZRTH Xz | 4l
T AL, RPN AT 32 BRI Rk, A
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W, 5 FEE AR IR IS R ROk 35 A RE VIR A 5
AL, FEFREVIBRA )G, AR5 T IRA
P MR HEN, SO A X Ik LGB Z A RE )%
PR, ABGEIATT SR W38 H O T8 AR A B R I 7S
AHEE, Db AR — e g e R, R
1M, XM RMEE B 22 A BT A I RE 1, HASBEIK
BRI B AR I Re s i s e, A T s i — R
i, KumarZs NOUIF & T —Fhogr 80 1 [ 41255 Kok S
(SLan), RERETEAHENE NIE LR E B9 —4EZ5H, A MG
SR T —ASE R REAEE. LN, it AE 5
A BN N 2 A2 K ] F (vascular  endothelial
growth factor, VEGF)HIGTER B, 12K B Al Rl e
BUEYEHES, ARV RSV BR A S A A DX 14
B TEABEVIBRA S RSB, SLan/KEERE L)
M PR FE T A RERE N 0 0 R AE R AU A, o
RO A ZH LU B RN AR OR.

TE VBN PSR NG YT, R AR R R
PR FE B KA A —FE 4GS R . X &
HIBNO VR B, 2K AT Z s fk7c 3 (sulfated  chondroitin
oligosaccharides, SCOS)BEMSIEIETE 3= F A5 S 5h
PRIMAEHAE. 78T BB S oA 55 otk S B b,
SCOSHH L T NotehfF g B,  JH44 E W4 (s -
DA AE T B 20 e % 7 =X 5 S N B A A S B i 42, DA
eI BKA L, A B 1S A R A1 T
il PR AL TR, VR —FhE DL IS, Sk
FERE AL LA ILAS PN B 40 A B4 A D e ate 2Kk ke e, i
A ST R FH A0 K 259 P89 00487 b B 240 LY P9 e -
(] J50 5 1 A2 ¥ L 2 300 B 50y Dk ok A 5 A ) i T A
Wt— i, T AR Ry T —Fh gL TR
49Kk T (MNPs@NcadAb), i it #8 [ - P45 4556 &
(N-cadherin) N RhoAfE 5l R 1 7 O 4 & AR N
R -[a] Ji i ﬂﬁ(endothelial—to-mesenchymal transition, En-
doMT)I1) P B 4l MR 8. 328 B AN KT - RS SR 5
(] 5 784 PN Rz A4 Y o [ i 2 i R 3, R LA B I
KA AR TNTIRE, 185 5240 A I FHLE 0 3 kB
PRI R, L 28 A 250k 2 2 B R 4 A 7 26 BFS AT
PEIMAEIERS, A2 A 2SR A8 2 AT () 45 il £
PETHRIRIT ISR, AR IERIT ., AA A IELk
Pl 5 s TG RO AT PR L AR i3 FIFE DL 8 3 v v A2
FRAEPER. ek iR, Oklu%: N ISF % T —Fr
H i P A4 ZER Bl (blood-derived embolic material,
BEM), EHIHEHE AMMmg s, HA Rk i A

HEIMAS ATE B AR ERE. BEMS) THiad I K S8 Hnk,
T FH T UUsE s s i Th RE RS 2, I HAE K sh e
RUrp R R 0 A AR S AR AR . DR,
BEMTEXHT R BUG T HA KA al 9 ik ek,  FLaT el
W, MARRE AR ZESRAE T RUR T RE. X s R
BEM A 28 5y I 8 #2 ZE IR YT B — AN BT S BR
TH.

JETE AR AN E AT REME T UG T B R,
Il R AT AT I 2 Pk . 4 2230 U R EAR 1 52 56
WL R A, (EAE AR PN PREE h RT BE T I AN [ 19 25 4
N AR, IEFATI N B AAS 2 A R A i —
ASE T A, X B AL A S RERNH A,
fb it Az 3 N R SE R S5 F AN D) R i 4, TR, PR
DA 58 B %) 2Rl A G55 ) T 40 P A B A P X T3
A EY B ECEE. BT, 2R IEAHRR
YR AE T RELE, B TERG RS E RSN
GRS, JEOETE N B AR A E R . A A e
T ML FAR PR R RIS 2, (s B IR R
AT TG IR TSI R L DA . R e S
6 AV RN I 4, OB N AR F AR
YA I T .

1.3 HTILAHSUFB AR HA AR

H UL U AR LA FR S8 P A R LGB 77,
ENEd MmIte L RA B2, HHIA 2
TR, RN e A FAB A, R4S
FIFILIRE. SR, LI e RIENUEFRA RAE . KL
PR . RO, BRI AR 2 TIE, &
BOLAZEGRAIIRERRT. FHILZ T, OIURAERETIEL
59, — LISz, EAELLRE, X 5.0 40 i A
BRIGFERE ST A G, X Fh 25 5 0O LA R I R AR R 3R
BUARIC O, n o WA A7 P R PO A B
WUAH LA ADGE I B H Rz siRe ), b rRES:
O | Lo BN SEAE PRI RERY A, I
EEE R A A — ELOK, IR 2R r T-Bet
IIATBR,  TTARBBA R — P 2% i al P2 K A1 2
PRRA T L SRR, A S LA F-2E 5 i R B
EPNN- DI

TEIB BB, LI WAz shdit, #
SR SR IS S RE ) DA S AT B AT XER
TRLIA BRI N, FRGERR YT T B e R R, i
K, AT TES A SUEAA DR R B R 55 SR S5 ) B
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BRI E M 4552 . EReE LA Siph 24
LUZ A0, RS BB EAL, B R 2 LR
BRI BR. XA R A RIS R, A2 i 4L B
AERRAL T RRE RITIOAREE, A B T DX A
N FNEFefk. FEse L TIRe NG, KBS RENS FER N &
TR A, Ee LA B SRR, ke TR AR A R B
Sy & AECY. RN |, SonHBNETIF & T —FhEr
BRI AT SR SURAR. Fom A & 90K B0k, T T
PEEME 5 B L 2 MR RE T R AU SR LA L 2Uh B v
AEBREE, A B TSR B RS S g, ERELA
SRR AN oAk, HeAb, SEES R HHZ KRR ILIA
UV AR KGR RCR. FR b e, WL B9IaE
SUR RS o (0 At (HZISC5E #1012 s D)Re, iR
BT WA 5 L BB A S5 i Pl — 3, UL
AL - U - 3% 32 (muscle-tendon-bone junction, MTBIJ)
HY5ERErE. MTBLZIZ 3 R G M OCHESS M, B XL
WL UERIE S S, XYERRLAE hDhRE g
EMREEZCELENEN. £ fH®iEshh,
MTBIRYH 7 T e B0 . ik . JrmiuRHE2is
ShBeREns.  WUERILP A5 40538 7T RE 5 | e A S,
S ) T 4 L ) 3 2R D Ak, 2 T 5 e LR ) 7 5 2ok
2. LA WU 2 1 (muscle-tendon junction, MTI)fE AL
PRVRITUNE ()2 422 X e, B AR (%) 2R ) 2 ek, X T
A DIREAY S B G E 2. AR, MTIH & F T3
i ghEht, HAESRGYT FBAAESCRA R, XX —
SR PR, TRk B SR FH3DATEN R R il 4 T
RILR-RHECRILRY IR, R4 T B T 2i s
FELT BERMTIN J124 0. BeAh, A xS
ALGACHR I 22 2 R K BECARZE 4, A BIRG i 45 il 7K
HERC A AILARCE RE R RE P, JT 28 1T X 2 A AR 1
RS AR, B E AR, SRR Ak 1R s
T4 it AN 7 41 8K F1 K lotho, A RUIEHE I HE = T #4141
FEEFIEARE ST, bR T MTIRI S, AIUNEE-B A 1 A4
Pt AR L, HHEIG AE S BA R & IG IR K. 16
XA, Rk A At 2 AT EN R, 45 AT
R4 (manganese  silicate, MS)ZH K Fikr 5 HIUIEL & AH
KA, It IFE T —Fh B s R D Re ) 2 4
Rz, Hidr, QU /4041 8E (tendon  stem/progenitor
cells, TSPCs)HIHHla] sE )5 T4l (bone marrow me-
senchymal stem cells, BMSCs)LL43 22050, MY
FEAUL T U S %) A SRS, RSB T s AR L
JEE AL S A TSR, DA LR - SR T ) P A 4R TR
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HISCRE. HeAb, 237 2R e A e e IR 25 R
F VAN 4 BT PR Z E2 (prostaglandin e2, PGE2), M
e E ZFh A i e Sk oAk, s L -1 5 T 08

JAE BT W WA RLLE G 2 AL PR 200 RS 8 R I 45
AT RS T —E ik, (HAEBILA 48U 42
AR BRI AE AN 2. A A S AR AE A L
IR ZH 2 R A B s AR LA A 25 A R g, DA
PRI B FA DI REVK . 7E 12~ R T, ARHR
EHASNUNAZAB IR L E SR E, LUKZHE M
SR SR, IA MR — 7 T 1 R I 7 ik —
A, LIS SRR M DIREIK R . Ak A5 N
TR T IR R SeaE R A AR, LA R LA FE A Y

2 BB AR DA RHRE T3t
TRBIRLANE A PR bR, i i ] T AR
FHATE RS, SHSWEIRYT B 00 2R B bR
MR TREMITETAR, MaIFARIEIGE /N,
QRS B . AR I TR B, ELXF e WA s e
R, BB TR AR ARG A= 37 ot
BEH 20T 2L 8OAFAUIRL B AR MR AR A Jig, LRI ANE
FHAE AR SE A I 2 TR, Bilan, i i
J B8 T A T0 A 25 105 9 72 12 22 R
i B TR U M B A T PR B A R
SFAPRE, AR TR BT B TR Tl
MR AR R AR AR o, B/ MRAES FAENR T
(minimally invasive and regenerative therapeutics, MIR-
ET/E N —FFr 4 Gy Foens, sl A=Ykt . it
Jrik . AN TAE, D IMRAPERY DT 2R
BIRGAEHAL, I Z BGOSR A AEATY. MIRET
IRz, BN, FEC -GS 5T, MIRETIE o
3B o U TS 200 M S0l P A= 0 AR R A P T, (e ik
O, BEEOIESIRE, TERBEATh, MIRET
FHM 2 TAAIEDIARL,  ANAOR LT HERE R 2522,
SCRFR A 2R 1 A MR AE ;. TAE RN Y7 R, MIRET
i B i A 2 T A M B T A T A O T, i
ZEFRN T, (R AMBEE. AN, MIRET/EH
HEFNCE B Th el B B . flan, e ]
AR A SRR R K Je B AR M TR VR B, (2 A
MBS ; i ft P B S PR AN AT L AR, (R k400 1Y)
A, 78RR FRAE H, MIRETH G AR FD G g7



ISk

5, PR IR IE E A . MIRET ) B 2t AR
BT 2R, ISR . AR . Bl
GORKLT | IS | FLGTHOR DL TR A I AT A Y
TR B2 X LEEORIY A S, (A MIRETAENS BOKS
B L RE S TR, SEBLEA RLAIRTT . X LB B A
PEFFAE BR oA bR L34 T O 8 1 B e MK,
AR T BE P, W T ARSI AAE 1A
. BEEMERL: L AP BOR AR TAREA B B
P, TR AE R AR DR 2 bR A R R A
KEANHHTONHS S 5 | RIEHS, MR
LR A Y A B2 A R

2.1 JITOIEHA. s R EIT AR R DA R

IS — EE A BRI B N EE A B 2 —.
H1 0 LR A BRAGFFAERE ST, RO IR SR A
TESIG, T2 IR, AMUFELD
HETHRERENG, if ] REE O IS RERY AN AT EIR, R
FIA MO . HA, IR ERITBNIRIF Ik B
RERSE—E PR JE L ZRMAEAR, (HIFAREMARA BIRE
SR C VAN, IO RS AL Sy 2 AR 0 ) S 5 Y
ARERITITE, AR OO A . K, T
S RS fe E O Mk ZH 2RI AE P-4 B9 P A PR 2 i e A
p/WWSEERZIE 1T e

FUAT, 32 5 D e e S A DX 1A e 2 e s

20 B FEAE DG DR (0 B BRI 1R 28U, AT UL
JELH L i S PR A G 5, 1B 5 2 B O LA 2. i
2R 25 W RE A R 15 RS 1%, i O T4
PGS, BB BRI R E -, O E
HAPE R AN A, O R ] GHK BBORE A SR —
R B (0 25 Wik RGEHESIR YT T-Beiyith b, X eeg)
KIORE ] DA AR R R T, LASEBIN G
WELHZUA TS0 ). S KRR, 258 mT AT O NEZH
ZUh SR HERE R, 48 25 17 ASORTs b 4 B PR
YERL. OV BE & —Fl )™ 8 ()0 IS, TR Ak
TSR T 9 S AT ISR, B4 AR
FHAR AR, R v, BT AN A TG VR i e
% (quercetin, Que)f2E i 4 JE A HIHELE (metal-organic
frameworks, MOF)H, F:-78 H 3R &1 H #5 ZM (man-
nose), % T Que@MOF/Man4 K 2545 1% 2 5t. MOF
VER—Fh ALK EUAR, AU 25 T Queryin i
PEFERE PR, ML AR A5 H 520 T 2 ) 50

FZERE, I A H 28 A Bh T 2595 9 Pk g4
JH FRHS v %, R T 28 R0 A M2 2R 5 IV 40 i ) B,
FEA RO T O UEIEIX AR 3. HeAh, O EBR I
PP TP P AR Ao A X WL L 3 ™
TG, ERFIX— PR, BRI & T —Fh L
A ] BRI A5 R B R A - S oK g8, HEAA N
TR, K T A A AT 5 K P B AL RE
REAS A 250E B LBk i - e AR rp = A2 R OS, U
BEALR B O WA 05, TR LA R L
RBeilE, A R A — 8 AL A (nitric  oxide,
NO). NOYER—FPEHEZEME ST, BEEIH Y Zkifk
(3 7, I/DROSHAE K, AT 7E 4 2 1h Lk —2
PR fb B R is Az, Beoh, —S8 B LS S5O
i ) R i AT A A AT 15 Y, A B T GE O R
REFPEFEBA B . SR ) SR W AN\ IG5 T 40K 24
YIRAITRCR, RS T I TE R R G PERIVE .

BRI IE R HE R, SORiRE 7 4 2URAE H Y
o, o, 2R R YR — R 4 A AR T
B, W AMEPELRADNA (mtDNA)SZRAAE 5] A
FZRANAE D, DLokcs s sm A it i 2R A T . Ao
T, ZRRREL Y AE OB 1B & rh 4 T A o,
HNIGAE LA AR E L I A7 IR A A RE A fE g
WA . SCRRO AT A LR R AL SR, A B
TG ONEE A, RS, ik, 1
RN FE RIIAY Y FB, bR Y R DR BR
RS IR TT PR 0L TR SR M. FE b SLat I, EHM
BALT S 1ot R 2 A T I M T BN O R 4l K Tk, il
# T HA M ZBON IR kiR, X gk
Ehk bR A T DL e 2 AR M v e 2 vh il it 1 iR i
AR, BERSTERAIE N A2 s5 BBl e A I
TWRAEES, TS Bh A e, S v ) 200 A2 45 X
B Ak, RZR AR Z B0 AN YGRS, #E
SO L S TR BE A TR, TR R RR A MR SR AT
P, fEgE LGl A e AR AT REMK &2 .

2.2 T IRIEHSU AT AN A DR

PRIESE . PRIETR%E. JRIESEE ., PROEHRAE . BRGEH
(RS RE PN E R e N L PPN R
AW E TR XSO 2l PRI TE R
s, DIRERERIER DhRE. SR, (L4eh) A kg
MM AT e BB ALK . BHYES . %
RIE A I A, ™ R R )RR e A 97 T
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i, ZUT AR R RN PR IE B IR T S A Ty
BT S DR I b R AN AN T, AT R PR
T RHREAT 8T 23K K A2 4 ¥ (epidermal growth fac-
tor, EGF)F S ET 441 ffu - 4 K+ (fibroblast growth fac-
tor, FGF) 5B A AR PR, HE AR PR 12 248 e A
ST LA M 3G SR, 1 HEAT R AR AE AR
PEFBLPERE, A PRIE 2 2B S IR B i 0 32
R, R S0CE RIE A SR, R TRsEE
JrkmEIER. Filan, RIR-FECRILRYI(PLGA)
F13E C N (polycaprolactone, PCL)%5:A: 4 n [ A
WS SR RE RS AR PR E S AP BURS R I SR 254, (Rl
Bl o) () R HE RS SR T IR A, Ao A PR T 2 2 AR R 4
sl pesh, @i AR AR AR T, o]
DIRE S AR R i %, DL DG HC PRAE 2 2V A AR
J2 i A 1 7 B BT R A TR AR A R R AT FH T4l 5 R
TSR, HEA TR YA ZE, IS Re i ASHEL
ARBE = SRR ENE, WD R AR b i AR TR R 5
SRS, (HASHR B2, FEPRIE SCHR TR, 20
FAEAE AT el B VE . Gl ke R B b T A g ek
U LT A0 MR 2] S 28 kL, AT DLk PRIA 2 21 it
EL R IR, IR 2 A A K D A M SR o
Moy, —BRI A, RS b, Bl AR REZY
YIidik RS0, RENSHRYE RIEH LU HA TR, BN E
R K R, IR SR YT BRI RIVER. bl
BABIRLE . AR A ) TRRER BB,
ZH TR PR IE SOARA BRI RIB BRI T e R
FETZATI, 85 A A T — Al 10 R 3 SR (ur-
ethral microenvironment, UME)¥) 5 & 7] 5 Ak /K Bk e
F. M R AT R £ (sodium alginate, SA)HEHE, 5
fik i F i (silicon quantum dots, SiQDs)AZHk, 73 T
YK IERE KA FR 7 AL SRR A T 41 il (adipose-de-
rived stem cells, ADSCs). X FHEIHT A FRIE 24205 A, A
{SUREE A S BT A B v AT LA 1, 3 R PRE B R
() 125 7a K, T HHASHR Y SiQDsE A WO IR T BE
W= iE MR, XA —E R LA B TS IR E ) T
FORBEE. LAk, 20 R Re IR HEM2 7Y WG 20 i
Ak, I8 S HE S R P A AT T 2R, A U 2R 4R
A8 2 1) BAERUE I A 6%, g — DS TORIR

A HE 7 B AN E R — B R A P A S R R B
Jrik, HaB R EARSMEFR AL, BN — )= B S8
gif r, SR TEE AL L. 55 R s
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BORHALL, 47 SR BEAS Of B 20 i S0 AL 5 vhoxs Tt
Ry R A0 M 1S B AN A 2 A O H IS TR T, H
T AT LA AL, A00E R BORBEAS PR 37 S 1
LA, HAh, A0 B REGS PR 455240 18] Fr) 5
R, A B TR PRIE R P AR A K R BE,
BORPRI PO TCREATHE, IR IR BRI, AT 58 SERLADIR
SRPRGE b B9 DIRE. AP, e RIS i 40 AL B i
AN FE D, SANMREEBORA L, 40 BoR %
B T8 = A ROk FEDRIE PR 22 T AR, Liang
A NSy b el FET A PR U R R R T 4t B T R
PRIBFGEGRIG. LHEV o0 o, A0 R ReAE A R ALY
PRIEA S TR AR5, JF HOWEEE) 1 Kt i i g
N AR, Ak, SXTRRZE AR L, iR SRSE Fo (TNF-
o) LA R I FR B . 34b, Al i HoARE B
A e BE AT ERAEE, AT DAAR S 2H 2L 00 ik ) 45 4 A0 20
HMHATHININE G, B REAT =485 i 0 A= AR
A, MikamiZE A SO FH 2 2 85 R4 UL )
AN, 3R R B AR R AL A, B R
HERITERA, R T SR AT RIRIE . 1E
FEAE RN M A PRIE S AL 12 )5, AR RIETE L T 53
0 R 9 =l U~ R SR NN A
2. PRIEERE W, M AR EE TR A PR IE AR,
WA MR | INIRE 5K, ATLUE ), 400 HoRTE
PROEFRAE P N eI T 8 2 R e, iR
EEFE B R AR T — MRS, Q05 BRIE T
I 55 (UME) ) ™ Fi BB U 2 BEL A 224 T T 7K BB S 1) B i
B B — A EHERER, JUHREGS I UME, G
PRGIREE T, XF Sha8405 171 2 18 %) 72 [T 266 B 2 BUE I 2
— AW ELPR R E R IR SR R A R & T —Fh g
AT 1 PRAE TR 1) MO 4 (4D) K BE S Bk, FH T o
A PRIE B (12). A58 AT BAGE i 25 5 sh AT RR G A2
BRAIEAN R A, Wil 7 HA G DUBLO R 3PE . W
ZR0 R AR 1 iR R P 8 W s PR R P A I A I e =X
T PEACHK (gelatin methacryloyl phenylboronic acid/cis-
diol-crosslinked, GMPD)/KEENE, A IRIEWIIIARTT Pt
L E B NN Awipr S

FHTPRIE LN T AR A B2 2 J e,
ARG PRI AR SR TG — 2Bk, PRI LA P
REES, W REORIE I AAE, a0 bRIEBAE B4
AR P, TR EA RV R RE B4
BHEICHE S AL, TR 8 A BRAS A F BRAR
B, AR R TR 7 R NARYE B S AT
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B 2 (M4 IUR ()GMPD/K SRS BERIHERER. (a) i motth W i F 3 PR AR Ik (fluorophenylboronic acid-modified gelatin methacryloyl, GMP)Z
SRR —EEACRE HNLEUR B2 IR, (b) TEMLPA AR EIRAIE I FR AR MR (pH. 4.5) T I GMPD/KBERE IR /. (c) SARRIIERI e AL
Tt 54 (gelatin methacryloyl, GM)ZKEERAR L, Bl GMP/KBERE (14 DL 25K (9 FRARAEIRMR. (d~D) TP RS 1 BT U0 i i /K B -2H AR 5
Figure 2 (Color online) Adhesion performance of GMPD hydrogels®'!. (a) Schematic of the cis-diol-based bonding mechanism by modifying the
methyl acryloyl (GMP) component of gelatin. (b) Photographs of GMPD hydrogels formed in situ on muscle tissue and immersed in acidic solution (pH
4.5). (c) Representative image of the mussel structure of the viscous GMP hydrogel compared to the non-viscous gelatin methacryloyl chloride (GM)
hydrogel. (d—f) Standard lap shear tests to determine the hydrogel-tissue binding strength
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23 TS EIT AR DR

- R L 2 A0 A A A L 306 2 ) AR 2
RERRAY, JEid M TESER A EER N Z —. el R L,
XSS A s AR, Gl R TR S
HYFRIZER TS, SR, 2 AR T n ATIME LASE B
RERYSE I (EIRTERRYRZ, BBt 2l bnymn
i, BT R IR A A A 22 R SR AT SO L H £
A 2 S T A AT I A R PR X S AN
M 25 A A0 e, 2R S AL St ok T DR A 1
A RSB IRY T R TPk, ELIL R BLy T ik
AL R BE R Gt I, MELLREIRIG. NI, JTARE
e fe dEp 2 A SUB SR P A B2 AP R E AL AT, THTE

WA G T UM | AW 7 DA Se 0 R b
BRI, il BRSNS, SRz et
PRAESZREAS | IR U 2 40 %) P A= R R ER Y
AYIPPRHE H 25 58 AT RE.

A REBL 0T LS BUB I FE B YRR Y R
VEAER,  JEPGYT AT 4 MLy R B 5 77 T A A
FEBH RO RGR. R, PSRRI T e s
FER TR IL, DLOHE A2 T 40 M b R,
ST . N, SofroniewZE A B 185
TR L s F#HF(glial cell line-derived neurotrophic
factor, GDNF), A] LIZESS TH 4 A B 25| 55
BB 2R U e v P A B L SC) Tz B R
B, XS AR RS RS S H R ARG H AR DI
P TCE T B, WIIRE T BE RN B
frETRe. MeAh, P TASs 5 3DIT ERHORTE A i
POHAIT R I E KW 1. 3DITENR R BRI ARYE
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FARE U 0 BRI A5 il AR A i BR K SR
R K P 2T AR BETE 3D T BN R A B
SERL TG IR, DU B 2520 2 P A F o e o 4
AN, AR KGE AT g K, e T
AFAGAEIS . BOBRME. R i, T AT
BB B ROR B, A A AT
P, HETH, S A & T —Fh L T LI-Ca-Si
(LCS) L Wb e iyt Wy B8k, HRE i 2Rl M B TR
%38 3 PI3K - AKTAF 538 A2 2 #2814t g 1) 1 2850
IS, ST, MRS, S TRE
DA B HL A PR P 25 )5 TR T T 20T IS B 28T, RS
FH, 2R AR A A R B 7R 5T A 4
e N AR R A AL, AR5 LA 4R IR
M2 LR, A B S i 28U S R T g

HEPRL T S22 A

BEE BT BIRA, B REB AT 5 C 2
— R 2B 5 S YT 7 Ay ) 45 T R ) 22 4
BRI S) M R R ) 5 Ze M T MU
TYEERIBIR, S T — RIS TR
WS4, WNAAER N . AR . AN PE T AR
TR, csep ZAREIE T, BRAS T Rz A ki3 i
. EEXHX AT R, Bt AR & T — R A pY
A TESKEERE, HrPMgMn-LDHsAUK )2 5 & 4226
(S Er, AR T K BERS RIPLRIERE, 1R S Al
AR IR E T % 2275 1 B-sheet 55 4 1 [ 41255, R
AR AL T SIS TR A KR, SR HE— b, %K
JEE AMD® g E A S R S BRROS I A R, Gafit
T BT O Z RS, RN, Mg? Y22
18 BRI S VR A I Mg YR B, I Bl 2 T 1 4
e fe, SR AR R, Mok, KB RE R SR
2R MO RS , SR S R S8 | Bl = A A
T A N 4 vk B A 7 s R EAT O 2 A AT
SEPL T X BRSO B i A T . [RIRE MY, e
S R R = ¢ A e P2 O RS Brd A
B ST B M), S8 A A0 X d 7 A R O S fih
RH,SHIREL, S BIH, S Z R AL BIPE, SRt 48
SKE BRI LA R X SR A VR e, R R ki
PR IR (E13).

TEFRAE BE 25 A TRRATR,  OR 4 AR R A
WRERERE 432 ETE. FIRZHOR, & KB zh
4 T IR K BRI Kk Thik, T E 3z T4
MO FIRE R K IR, FRRE T P 241 TR Ui &
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RIS, RXRRT R SR A O s T AR i T —
ANE AL R IR S, 3 REA FH RENE AN K UL Y i 5
P, SEHAESNE R A TR BERE RS il Mz i B i
M2 T AN Z R AR DX, e A e 2 A A
MRS, Rt 1 A A AR R oAl SR,
/N AR B, A AU A 1 1 20 o 2 R
HAMBL R RFLRAORRL,  n] 2 B 2 5
SR AN R, MILZ S, S9KP0R, &1
Ho ARG TIURL S5 TC ML A 178 il A A T B o
RN GAS, HAEMN AR E R e a5 R &R
Ph, X R RO BRAL BT AR U IR, RSy
Yo, RS A P AR RGP A T
BRALH LA TE R BRI, A, PR s 1 Xt
AR 2G5 BRALEI TR A R A 2, I MK
(2 AV EPEAN SR AL T E B AR A A,

3. TGP ARt e

ToBFA R MR AR AT T ARAEA, M1
AR AN DT AN HIE A B P A bt
TG B R A A R A A 1 A=)
T PEIRFNEL BT . 4K ABURE AN K AR LA K S ok
TR A, Sk sepp b F i i K RBOH . A, gt
s HAUAR AR R, TRt HIUB = | 3
SRR A BGRT BN, A AR T 1Y [
IR ENAYTACR, BB E I AT TN, Hoh, 1
A B2 R R 2 2 T AR AP AR R v R B (2
L.\, ENHREE T —RARR AT IR,
BT T Hb 1 BT T B KU ek, O iR-A:
P RHE By RS 8 T DI 50 A 474 BRI,
P DIRTBOERIPEREOANE. b, S septilal LI
TR RS, SLUE B il P A PR, B 1A
IO RS AP R RRE . Tl Al B i ul
BMREOR, IR A BE oA s RE S B i oL A
FLEVBEL, MIMESRIGT PR, V8 B Beimin 2 1k
PR B T8 AR P L S A R TS L, {ELRE
ERPFEHITRA,  FIREAE BE A AR R PP 0K AN B
PR, WEFPIRRRRT R BUH R AT RENE. ST4ER, R
RAMERI P LB B, B IR Il 5
Rz, Aot whg . B paE S bR e i Ok
P AU B IR BN P RCR O RAYT T B X b
SR BB SRR TE TR X AR WA SR s, HE
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Figure 3 (Color online) Synthesis and physicochemical characterization of an H,S adaptive delivery system®”). (a) Design and synthesis of H,S and
CO, donors and their ROS-triggered release mechanisms. (b) '"H NMR study of H,O,-induced activation of peroxyTCM. (c) Synthesis and
characterization of nanoparticles: (c1) Schematic diagram of nanoparticle synthesis; (c2) drug release diagram and mechanism of nanoparticles in the
presence of ROS. (d) TEM images of nanoparticles
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OHER, JT0E AR N A RR st 2 1, AT IR P 4 A T
RSB R 5. WA GORERFA YA EERL 2
HIHERE, HER AMERITILC RS & et 19 A= Yk Rl
FGARLT-,  SEBURT IO RS B, e gT vk
(photothermal therapy, PTT)Fl#4#4JT 1 (magnetothermal
therapy, MTT)“?. ZEIGRR o, & E 8 H TIAIT A4S
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Figure 4 (Color online) Photodynamic therapy properties of Comp-NPs evaluated towards a multi-drug resistant patient-derived hepatocellular
carcinoma inside a mouse model®. (a) Schematic of the mouse model establishment and subsequent administration and treatment plan of the composite
nanoparticles (Comp-NPs). (b) Tumor growth inhibition curves after treatment with Comp-NPs or cisplatin in the dark or after irradiation. (c) Body
weight of mice after various treatments with Comp-NPs or cisplatin in the dark or after irradiation. (d) Photographs of tumors after various treatments.
(e) The weight of the tumor. (f) Tumor tissue sections and terminal deoxynucleotidyl transferase dUTP nick end labeling staining. Tunel: scale bar=
50 um; H&E: scale bar=100 pm
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Chronic inflammatory wound Cell-free DNA capture/storage
STZ induced DM model establishment & inflammation modulation

Wound healing
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Figure 5 (Color online) Schematic diagram of accelerated diabetic wound healing based on hydrogel microspheres!'.. (a) Representative photos of

wounds under different treatment methods; (b) wound marks; (c) wound closure; (d) on day 12, H&E staining was performed on skin tissue sections
collected from the wound site; (e) quantification of epidermal thickness
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Figure 6 (Color online) In vivo treatment with melanoma model*”). (a) B16F10 tumor mouse model establishment and treatment process diagram.
(b) Thermal images of tumor mice receiving different treatments at different times. (c) Representative photographs of tumor mice receiving different

treatment courses on different days (days 5, 10, and 15)
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Developments and opportunities in regenerative medicine
materials
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In recent years, with the rapid progress of science and technology, remarkable progress has been made in the application
and development of regenerative medical materials in the field of medicine. In particular, breakthroughs have been made in
functional biomaterials, stem cell regenerative medicine, biological regenerative materials and organ bioprinting, which
have become a research hotspot and have received extensive attention. The combination of functional biomaterials and
stem cell regenerative medicine is a revolutionary advance. This stem cell-based treatment method, which exploits its self-
renewal and multi-directional differentiation potential, has shown great potential in the treatment of aging-related diseases
as well as some refractory diseases. In this process, engineered functional regenerative medicine materials play a crucial
role. By finely regulating the microenvironment of stem cells, they can significantly affect the behavior of stem cells,
including cell implantation, survival, migration, and finally differentiation, thereby effectively enhancing the implantation
effect of stem cells and guiding tissue regeneration in the desired direction. The research and development of functional
biomaterials enables us to design materials that are more compatible with human tissues and can promote cell growth and
tissue repair. These materials can be used as scaffolds to provide cells with the necessary physical and chemical signals to
promote tissue regeneration. Research on bioregenerative materials, including the development of natural and synthetic
materials, provides new directions for tissue engineering. These materials can mimic the properties of natural extracellular
matrix and promote cell adhesion, proliferation, and differentiation, thereby accelerating wound healing and tissue repair.
Organ bioprinting uses 3D printing technology to combine biological materials and cells to produce biologically active
tissue structures, which provides a new solution for personalized medicine and complex organ replacement. The unique
properties of regenerative medicine materials make them widely used in drug delivery, diagnostic imaging, tissue
engineering and other fields. In terms of drug delivery, the design of controlled release systems can improve drug efficacy
and reduce side effects. In the field of diagnostic imaging, regenerative medicine materials can enhance the imaging signal
and improve the accuracy of diagnosis. In tissue engineering, these materials can serve as scaffolds for cell growth and
promote the formation of new tissues. Although regenerative medicine materials have shown great potential in the fields of
treating degenerative diseases, aging-related diseases, and wound repair, they also face a series of challenges. These
challenges include how to improve the biocompatibility of materials, how to ensure the long-term stability of materials in
vivo, how to control the degradation rate of materials to match the regeneration rate of tissues, etc. This review discusses in
detail the medical applications and related mechanisms of regenerative medicine materials from four aspects: Open surgery
regeneration, minimally invasive surgery regeneration, non-invasive surgery regeneration, and smart wearable
regeneration. Open surgical regeneration involves traditional surgical methods to promote tissue repair by implanting
biomaterials. Minimally invasive surgical regeneration utilizes less invasive procedures to reduce patient pain and recovery
time. Non-invasive surgical regenerative technologies, such as ultrasound and magnetic field-guided drug delivery, provide
safer and more convenient treatment methods. Smart wearable regeneration combines wearable technology and
biomaterials to provide real-time monitoring and treatment for patients. This review discusses the challenges, development
prospects, and opportunities for clinical translation of regenerative medicine materials at this stage, in order to lay a
foundation for researchers to explore more diverse medical applications of regenerative medicine materials, and provide
inspiration for the final realization of clinical translation.

regenerative medicine material, regenerative medicine, tissue engineering, biomaterials
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