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Abstract

BACKGROUND: Extracellular vesicles have received extensive attention in the field of bone defect regeneration and repair in recent years. However, natural
extracellular vesicles have deficiencies in sustained controlled release, tissue targeting, and drug loading capacity. Therefore, the introduction of engineering
strategies to modify extracellular vesicles to enhance their therapeutic efficacy has become a research hotspot.

OBIJECTIVE: To review the role and application progress of engineered extracellular vesicles in the regeneration and repair of bone defects.

METHODS: PubMed, Web of Science, CNKI, and WanFang databases were searched for relevant articles published in the past fifteen years. The search terms
were “engineering, extracellular vesicles, exosomes, bone defect, bone regeneration, bone repair” in Chinese and English. After removal of poorly related,
outdated, and duplicate studies by screening, 93 articles were finally included for review according to inclusion criteria.
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RESULTS AND CONCLUSION: (1) Extracellular vesicles are primarily isolated based on their density, size, immunoaffinity, and surface charge. After isolation,
extracellular vesicles are characterized using imaging techniques, size- and counting-based techniques, and flow cytometry. (2) Extracellular vesicles stimulate
bone regeneration by regulating immunity, angiogenesis, and proliferation and differentiation of target cells. (3) The engineering strategies of extracellular
vesicles include surface modification and cargo loading. (4) The introduction of bone morphogenetic protein 2, mutant hypoxia-inducible factor-1a, vascular
endothelial growth factor, miRNA and other bioactive factors into extracellular vesicles through engineering strategies can enhance their regenerative repair

ability for bone defects.
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“engineering, extracellular vesicles, exosomes, bone
defect, bone regeneration, bone repair” .
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#1 extracellular vesicles [Title/Abstract]
#2 EVs [Title/Abstract]

#3 exosomes [Title/Abstract]

#4 #1 OR #2 OR #3

#5 bone [Title/Abstract]

#6 bone defects [Title/Abstract]

#7 bone regeneration [Title/Abstract]
#8 bone repair [Title/Abstract]

#9 #5 OR #6 OR #7 OR #8

#10 engineering [Title/Abstract]

#11 surface modification [Title/Abstract]
#12 cargo loading [Title/Abstract]

#13 #10 OR #11 OR #12
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E R A B B m L, A A SR &R
Rty m e sl h, Bt s R AR, KA,
ARA A8 AR B F P 49 B8 AR T B2 BN B e sh 8
)7 p, T Ak R Rl By A R R, BT
%7 k0 g At ARt — s B

N BB REIGIER IS A MmO E N B S s o
Fatem e sl e & @ BEAT M FRASAR R E AL FAEAF, mie
PR R B IS T BT AR S FHAREARKRT
B R EIL P, e sh R BE R R ET AR G
FLA AR T 6 BE AR Bk A, I m e sh A R |
54k, JEARSST AR it 4 BRIE IR A R L =B Tk, P,
AR IRT fext dm st A TR A B E R B R,
TR ZEBEANF RS R ARG st B ANR AR A R A BRI
ey A T A, BT AR AT e st £ PAT R ®
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FARSEAR B th m s R I R R BB mansh Ea T,
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KAEBE, FAEA misan ", R@E e 25T
Fetmpsh g b A U, RIUA S A-T A T,
1BRLFERNAELER, (RGMEE BRI
Ha T gt e M S E B TR R LR 2.

24 TEBIRINERESRIMESPIINA 4k,
AR AR e sk 006 7T B B ARAR KR R e AT A
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JRm AT A min st b, AR B B 5K 49 miR-424,
XRFHELAEA 2IETRILNEEAN, £2RET,
MiR-424 it & A 69 ACE B8 R IR AR o AT A& tm e oh 4 e
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{89 id AR AT RS, RN L sh I8 A% B B4R R
gyl A ARETL LR G G IF AR - 4
RBR - B2 B - BAEBE - R ABR (cysteine-arginine-glutamic
acid-lysine-alanine, CREKA) 1544 g b7 & J& 18] 7% - tm j st
A SRR REIS A, SRETHTHEEOL
SR GRANFIRE, HEXAREHELF L F
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REZTEZER, RMAKRI N FHARERNRENEMA
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B RE B, R BT G BIEFE e @Ik £ e T
BRI T HF R TYER T 55 GIAL B T4
&, b ARE AR iR e 3g AL, RGN SRR B
ReGBAS S . RE RIRE DAL m I b B
WA P e 5L R LR 3.

3 REE5RE Summary and prospects
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15 RA ¥4 R TAZ AL m e sl & 0056 57 B R Ak K
AL JR L
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M TN R T F AR
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