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Abstract

BACKGROUND: A large number of studies have demonstrated that stem cell exosomes play an important role in the repair of bone defects, either directly as
carriers for loading other small molecules or surface modifications, or by binding to biomaterials to promote the repair and regeneration of bone tissue.
OBIJECTIVE: To summarize the osteogenic mechanisms of stem cell exosomes from different sources and their research progress in bone defect repair.
METHODS: Chinese search terms “stem cell, exosome, bone, biomaterial, carrier, bioceramic, polymer, metal, hydrogel, engineered exosome” were used to
search CNKI. English search terms “stem cell, exosome, bone defect, biomaterial, carrier, bioceramic, ploymer, metal material, hydrogel, engineering exosome”
were used to search PubMed database. According to the inclusion and exclusion criteria, 77 relevant articles were finally included for summary.

RESULTS AND CONCLUSION: Exosomes from stem cells of different origins can promote osteoblast proliferation and differentiation, promote angiogenesis, and
regulate osteoclast activity and macrophage phenotype to promote bone formation and bone mineralization. In addition, many achievements of exosomes in
the field of bone defect repair were described from two aspects: biomaterial-assisted exosomes and engineered exosomes. However, the current research on
stem cell exosomes in bone tissue engineering is still insufficient, and most of these studies are limited to small animal models, while the treatment of bone
defects in large animals, including humans, will be more complex, which will also become a major challenge for the treatment of bone defects. This will also be

a great challenge in the dissemination of exosome therapy.
Key words: stem cell exosome; bone defect; bone regeneration; bone repair; osteogenesis; angiogenesis; bioscaffold; carrier
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4 | FLRRESNLARL B KHLEIE

1 | FREIRIRTFAMINLAFE R E LGSR

RE HNME E50T S5l ARSCHLH AR 2%
AR RIE SCHk
2019 UCMSC A:difiidk Wnt B-catenin f1 Wnt3a [ iA T, BUH A (EHERE 414316 [19]
JGHEDR T RIS B 4 ORI Runt A%
T 2 EATHE
2019 UCMSC Rifhik ER 4 VEGF. HIF-1a £iETHE {3t i 4 i 4348 [20]

A AR B

2020 UCMSC miR-126 ~ SPRED1/Ras/ i SPRED1 4K [ 3 It {3t 1 A AR [22]
ERK
2022 UCMSC miR-210-3p PI3K/AKT J0] EFNA3 fl1383% [fepeidiiIN= g4 [23]
2019 ADSC  miR-196a  PI3K/AKT B4 VEGF, EGF., FGF /il L3z RiIN= g4 [25]
2022 ADSC  miR-140-3p il NS BY/ AR MU AHOGIE N T AU . Runt AHOCEE (it i 4l o4k [27]
RhoA 5 53k SKIFF 2. Sp7 A PERE RG22k
2022 ADSC  miR-451a ik FH ML B R bR B R IEFE LI M2 T AR (28]
E WA fubr £ K IE [l 3]
2020 BMSC  Riffiik BMP-2/Smad1/ R 1 e AH G BMP-2, Smad1, {3t i 4 4348 [29]
Runx2. HIF-1a/ Runt AHJGHEFERF 2 RIS A oA D638 AL A 2 ik
VEGF [X HIF-1a A1 VEGF [ ik
2019 BMSC Ak AKT/mTOR N PTEN JEpe ik 3 1 A AR A [31]
2021 BMSC miR-126  PI3K/Akt | PIK3R2 £k a3 ML AR B [32]
2021 BMSC miR-935 ik B aE S S FEEH T 1 { it e AR i3 [34]
FEA> 4k
2022 BMSC TSG-6 NF-kB TSG-6 JE L I NF-kB A1 NLRP3 MIMch4s  2e4% EWE 4 H b [40]
A e Al £ e AR (i3]
2018 husC  fRILEAE ik R P B AR PRI T ST RS AN B {3t 1 A AR [35]
WA 1
2023 DPSC  RKffik IL-6/JAK2/STAT3 {igilk 4 JEl )3y TS AR 38 5E . SER MR et e A i i3 (36)
AME, HTE
G 240 Al e R A 2 2
2021 hGSC  miR-1260b Wnt/RANKL 1) Wint5 A5 RANKL 388 2400 I 4 4000 1) il - 40 i 3% (37

i P, A E R
L OFMBAAIE: UCMSC Ayl 18] 78 4R s ADSC JyfIg M 1] 78 4 s BMSC Sy i 1A 76 5T -2 L
husC A NJRIST-4Hd; DPSC T4l hGSC HAFIRTANM: @fF 570 T TSG-6 J9MIRI R FE R Tl
HER 6; OfF TiEES: ERK OVAHILANFA Y E A B PISK YBEARMELLAY 3 ¥ Akt Jy& (g B; PTEN A
T RELE] ;. mTOR WAL M E AL 1 @HISCHL: VEGF 9L A BRI 5 HIF-1a N SR AR 5
K7 1o EFNA3 DY ERES A3y EGF AR KA KK T FGF AT RN E A T3 BMP-2 A TR R AERA 2
NF-kB WX T kB; IL-6 LM/ 6; NLRP3 Jy NOD FE3ZfRE 4 3; RANKL A 4 7 LI T

)

b, RERBTIRRE SR T B INLRESOFARNA EXeg 21,
EME SRR T SRS, 24 (3) shikh by & B tE & & K B RAR
EREFERS, ARXTROMHARE OpuRBE R RARE X6 FHAYL

55

2 A BT, HAEALBA LA R
%%i%ﬁ@é\iﬁﬁ\m%ﬁﬁ%%
TP E G RAEILIRE . B S AR B A
o B AR S A b T R B AR TAZ ) B k.
SR, EAE A I g A A A R
AER BT R T ik R S kAR AR
it o AT 6948 T AR B A 2R B 3D ITEP eG4k A
AT, shaspkiE T A RE miRNA,
A 3% AR E mIRNA VA Z & PI3K/AKt F=
MAPK 1% 53l % & 5 5 40 1o 69 A B e it
w E IR A Y, bl ARAE A RS
WA R IR T BA, CAARAR
A5 18] FO )R T tm AR R A i AR AN AR 24 K
FRAXRFHFE AR, ATRA G I
%ﬁi%~ﬁﬁﬁﬁ%immr%“e

(4) Sh bk b KB IR 4 A KRB IR B
ﬁi%ﬁ@é,ikﬁ%mWﬁﬁgﬁﬁ
B BR AR AR5 69 B E BARAAE. KB
FAEHVBRAE S, TToAw) B AR St A
KB F. Gk, HhkTamipF ™,
R, JUAT TR KB IR B A AHEHE A shik
PRBAR A FALEE B A, YANG 5 P 4%

T —F I E 46 KB AR, SR R IRE
R AR BRI R B AR, A
8] Fo R IR IR S ARt BAK, AR
#HT B @, EH—RARY, —
oIk AR L, ik /L=
BY R RAR A SR LT B AR 0 AT R
TR NG B AR E I 2 —FP AR 4G B AR
AR, B RAF6 AAS AR )
PR, BE— B R A sl il 6 SRR N
ST R R A AR A S A A E T
#F émﬂbﬁléﬁmméé\éu%f“é*}w‘éﬂi
b, BFHREREXMEAMILT| AT
JA K, 7£ miR-1246 49 4E A TAL K E & 4
JOAREEAC A IR K B mt, A bAng 7
FHREOBELS, 3 AHRFTHRAR
BEFACE, WIERIP LR e A AT ]
HUANG % © 3\1‘\;]?7]\}‘1?44‘ & E A

BIRE, TOEKETImREET LA
%%é,mwuwﬁm%&mﬁﬂ¢m%
RRERA. EXSAF MR F, K
B A KB FBRAEA GG S AR VAE 3T
FHAAREL . =R A 25, B
Bl B = 45 An S kAR 84 3D 3T EP KR AR 44 AT
RH, B- B =450 AR ERE T Kt
I ARG FENEAE T, RIS TR ALIE 5 R
F R AL RIS BE 18 LR T e R

Chinese Journal of Tissue Engineering Research | Vol 30 | No.1 | January 2026 | 179



PEERTIZHR

@7z

www.CITER.com Chinese Journal of Tissue Engineering Research

3
K

SEEERSIE
SN SME

@)

L)

SR, BeW. KERSEmmE

o FFETEE

e
N

& * SRR
RIS TR
SR
090
Cpo 00
SRRk e
BERE. HHE.
IS HRNSTFE
O
SNERREIE

e
e P il

BEIRRES

5 | IR R ARSI IR 5 AR S A IE B & 8RR ( E Figdraw 257 )

AL Fe PR KB A Y,

(5) A M b2t S i AR 5% 4 8 A
R BRRAM, AP SRRk
FAFK T H A0 AT ek RN AR A
a4, IR mE A R, SEAME
BB 1) AT AR B R FUR T am sk
PR miR-130a 44 & KM 38 3% dn 4 24 A A
71, FF % 7%E Wnt. Wnt/B-catenin. AKT #=
BT kBET@EK S, TH R EY,
ARG R MR R BOR BRLIE) AR T e sk
SeAR T miR-146a 44 & ik 3 MR F oP kiR ey
1 & PGS, AT A 4 A, 0,
% F B £ 4 A dp At P ik pk 64 ALK
AFAER, B AR LR IETH R,

2 MM Hy BAREE Bh S i G LR
AR 4948 K5 ILER 2.

232 IARMINEKRBTTHRRIGE T
ARALIPSLARTT o A PR 2 SRtk e S
HAnsh btk b R @ Bt ),

F G BN AR T 3 Z o) iR 6978
FRE, THh M RERERE IR
MR ERES., AR EREE
TR T ERELA B FAERGNREEG R
Forz 3R 7, it & ik miR-181b 49§ ]

TR T tm e bl it o ik dn i R A K
AT Ad AL ARE 2 AT M2 1L
3ti@ it 3% 7% PRKCD/AKT 412 5 i 5437 41 %
JE, MmALIERIN AR AR A AR L
BHERAEG 2TRAFTHALL T
FOSN AL T ) RAE SR AR 69 B B
A Fa B EFR A S RN R MR
HEAFATFERE N >TaHH ", ok
LESE. ARERFERERS T
BEHBERAEZG 2 ABEBATHI AR
T tm RS AR F T PG AR M etk AR B
AT b, EXRRESRBAREA F,
QR A d g A KE TR 695k 2
TG T RARS, RBFIFHRK
47F 1,

FEASAR T B T34 5% T tm sk itk 49
feEfe ). BFER, MEMS OHFRAR
# 85| F m e RSN R B4R R TR Bl
878 7 2 F BRI SN LR AT A A o AR
Z, LU0 5 " 3% 4400 A T e A ds 5
M AR 5 Sh b4k 45 4 (BMSCs-Exos-apt),
2 % £ 7 BMSC-Exos-apt 4% 4% 1% 4t B 84 9]
TR T R B 1K, L RRALHE BMSC-
Exos-apt £ AL R, Rt E %8G

180 | PEARTIZHASR | 5305 | 18 | 2026F1

Ghiih

(=0

B R CX-CHEF AR T 24K 445145
A5 5| 3R B TA2 NIH-3T3 208k R 91 bk &
& ", RERIZ A AN SRR E miR-
188 84 JIg S AR 4 A vA A R Ze b ol K Bk,
Zefb A R BB SRR E AR P ST
35 | BHAE L E miR-188 k474 IE My A AR,
FAR R M LR T s R, TAEAL
SRS BB SR AR 64 AR £ AR R ILER 3.

245 Conclusions
3.1 BREMAEZIURA SRV A1
BB E4k, MAT @itk g
HUH] 69 R R AR &, ANEILT shabik
R BAEARGE S HY. Hlde, RRF
ARG me kA, X AT aeshik
WA A DR B A AR T o7 ko) & &
—IREZ T T, sboh, SPIREA
R S, B d s R R i R e S
AR P ALY T A TR RE,
JofoT A ) SR AR AT B ARAE B P AR
R B RE,

—Z @, CHHREIIN RS B
T & AR AR 0% B E A AR AR S
B, ISR RSN E R B R, S



g ik PEERTERR @2
Chinese Journal of Tissue Engineering Research  www.CITER.com
=2 | =P RME AT NS E B ERIRIIAE R TSN BEARTG AN T @ 1) iR AR S B RS
KA SRR AR BT et 5% FWHTREE. Zeidst T mish sk e
R ik . . .
- B AE A R T AR AR,
2016 hiPSC  B-TCP %24 KB RN T AT EIE A ) mRNA FIE (A RiE,  [47] . .
. @émgﬂ § ﬁiﬁﬁ&i'%";]ml'ﬁﬁﬁ&i 3t e e RAFILIRE T 5%,
2016 hiPSC  B-TCP %4 KB FAMI: Wi PIBK/AKE 5008, bRt TRIRNE 171 33 ERpySR T bm b ik 5
B BT R RSP REHIRIRIE a‘ AT
2022 hPDLSC  B-TCP 7% FRBKEBA B REEES, (EER M 8] R, AT Gn ISl kAR 6 B ALE] A
2023 UCMSC ZQA/TCP PRI T A MG ) HLRE L [49] B ARG AR AR EM S, K BT
2018 ADSC  PDA-PLGA Y% N SRR (R S5 R TSR A, (R e 5o AR K Z AR TSR, @ adE
2020 hDPSC Bl - B2 — NPT SRS (it 1) 3R T £ 51 " 1= o g
;;&%i;‘za B /N R B AR (i IR 7S R T 4R AR R e [51] AELEN G KB )iy B IRL T 5
2022 MSC  PLA TH % P SOIEREL, RS MIORATHE 152] e A A, XA R A IR R
2016 MSC HEE S T R AR B IR miRNAL E PI3K/AKt A MAPK {545 [56] Bk
B, V5 S 0 T4 e AL LK.
2021 BMSC  Ag-PCL %2 s AH AT RS, (MR TARGR (571 34 SANEBEY Famibsbhis g
oL ‘
2020 UCMSC KR B BRARRY (0  AAM (so) BRI MRS TR SRR R T A
2020 UCMSC 7Kl KRB BTN (LRI, SIS, (RN (60) 28 x 3% 4m & R F) IR T d Al sk
2020 DPSC /Kt ANEUE R A R E AT AL 61] ) s ) ;
2000 MSC kR KB G- 5RO ] L3 P 621 HIRBAEL AW IR T A2
2022 ADSC  MOF-B-TCP 544 KB G BT (R . AT ORI B 1 631 ALt AR HMN R L
2023 hUCMSC BP-B-TCP- /K& SrECH BT $m /KBRS sitEpi g, AR TS8R 7 [64] s, N o
a¥a R A e e s 2 RA, AT mIBS kiR e A AT G
2019 BMSC G HTAAI KRBT SRRISNE miR-130a (ORI, MLHEIE 165 g 24T #h b ol Bk 5
LB A PR Sy, O Wt Wit/p-catenin. AKT & REEACIRAE T Ain ey 28 mk 5 3%
A1 NF-kB 3 23 B R,
2021 BMSC S EEAEMIF R R SR BT miR-146a FUFGA TR, AMBIR R AL ) (6]

5

ik hiPSC N ZRETANML, hPDLSC J9 NZF JAH1H T4l L, UCMSC JAyffft iy 7] 78 it T-41 A, ADSC Jyfif s 7 78
BUT4N, hDPSC N BET-AIAL, MSC YA FE o T4, BMSC JyF Bllml et T-41Ms, B-TCP Jy B- MR =45,
PAA NIRTIIERR, PDA NRZ UK, PLGA NIEILIR - FoHE LR, PLA IR, PCL WM CAEE, MOF J&)E
AHUAESL, BP Bk, PISK JyWEIRMEALEE 3 iHE, AKT JyiE (9IS B, MAPK N2 250G (LK F¥AE, NF-«B

NEZF T kB

3 | TRRNDIMEE BRIRRIIEXHTR

Gy ANBE SNIMARIE AR [Tiphac el
Kl ik

2021 BMSC  ibEik miR- KEBCE OB Wi i B KN TR RS REEN 2 (2 M2 [68]
181b EEAIMIAR A, il WS PRKCD/AKT {5 5@ B4

2022 BMSC ik AN BRI RS EER A 2 RX EIES T ARRIESNL R (69
BMP2 [F) 48 i A

2021 ATDCS I KB R BB RL 550 7 T A0R A e o0k, $ R N AR KR [18]
AR T LA I I A A AR
FEA

2019 BMSC  ERCAAERI /NEURE-E TR miR-26a Rk T, HEAEHOE ALUET RIS HA (73]
&

2021 NIH-3T3 CXCR4 KM /NERAFISHIFCHET miR-188 JAFEAL, MR A I ERER AR [74]
B4 JR B FAE R TN ) R Ak

Fid: BMSC i) 70 5 T-4H A, ATDCS S/ RIS 4IHL, NIH-3T3 /0 R SIG B4T4E 41, BMP2 Ky %
BREEM 2, CXCRA N C-X-C EEFFHaThIN 1524k 4, PRKCD N [F1#4HF C6, AKT i [ B.

WAL, Mm A EER Y, B —
F&, SR E BRI R B
PR R A 25 4 A S AR R B AT
N3G 3% AP @ B 71, TSR F i
Jo B 1 X — AR b R o 5 ey s
TN T B, CH AR A
EAZBTHRT, B AFHRTmIee) sk
IREEOG AT SR IRBL, FRARER R A BAA
B R GBI IR F06 57 B E Atk A B

A & m B AT R T bk Ak AR R S BS
AR KSRT IR M EREE, HLit
A& R LR A % BAEE IR,

32 ZGERXBFHAMENRFR
#, R FFaiestishgLERSMETF
TRk 6y A, RH EEA KR
AR AR, ML EEFmfAT
R B) SRR T tm e S kAR AR AL B R
L A A AR A BARSH B M BAR A B

EERE: XA MAITZERRT, 34,
. ERAEITTHNE, NARIS M EL,
RBEE . R R FAL

FIFMZ: L F ML 7, ERAH
RAnL FIREG IR RAEA BT R,

FRGREERD: &2 — BRI E, R
1B (Grink FHETHIY “F 4 - R LrEn -
MEFXEF 407 3, ESEFIANHHFELT,
AAAAVAIE T etk B 69K TR XA B s it A
Foir e, FBSAHEATR P ik, FHR. #N. 4
. OATHR. Ak, RBEIRIZ LR, FAXEZ R
31, AAVRSKAE G ASKIE R T AT AR R .

MRAREELL: 3 AT AR b S S A
F 7 L FERAEE L,
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