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Abstract

Exosomes are a class of extracellular vesicles secreted by cells. In recent years, they have attracted
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extensive attention in the biomedical field, particularly for their potential in angiogenesis and tis-
sue regeneration. This article aims to explore the regulatory mechanism of exosome-mediated an-
giogenesis in endothelial cells and its application in dental pulp revascularization. Studies have
shown that exosomes, by carrying bioactive molecules such as vascular endothelial growth factor
(VEGF), can significantly promote the proliferation, migration, and tube-like structure formation of
endothelial cells, thereby enhancing angiogenesis. Furthermore, the importance of exosomes in
dental pulp regeneration is gradually being recognized. By modulating the interaction between
dental pulp stem cells and the surrounding microenvironment, exosomes facilitate vascularization
and neural regeneration, thus supporting the functional recovery of dental pulp tissue. Related re-
search has been increasing both domestically and internationally, covering the sources, character-
istics, and specific roles of exosomes in periodontal and pulpal tissue regeneration, further confirm-
ing their key role in promoting angiogenesis and tissue repair. In summary, as a novel biotherapeu-
tic tool, exosomes demonstrate promising clinical application prospects and are expected to pro-
vide new solutions for dental pulp regeneration and the repair of other tissue injuries.
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1. 5|

I8 A il (angiogenesis) & #A4E BN IMLE N OAF MUE HEFZF R, 2548 E. A&
JEL H A R g B it 8 A Jee PR s A0 D 5 A 45 2 T s 119 2B i JRe [ 1]« I 47K, 4t #0336 (extracel lular
vesicles, EVs)$5 7l i& ik 14 (exosomes) D] 75 4H A [ 38 TR P Y S B T 52 BT 72 i oAb il i #5717
EEA. MIRNA. IncCRNA S53 M H 7, 4 N B Th g, A 7 i A A sl il i 5 2200 N A5 2]

FEGEIN, 2 PR EDIE TR A L R 7 el B A {5 S fk i . SR, IR AR KRR R, S
RAEBR A RAEGRIWRAT N RORER, NS TMEE R S REE SN “Ef” , 252N E5HE
B TP tﬁﬁﬂ*f*ﬁ?@mmﬁzﬁi(tumorangiogeneSIS)EP%ZTfhz%YEﬁﬁ[3]0 01, R 4 B SR R Ak
PRTT 2SR N B A A . IE RS R TR, I SR AR I A 4]

SN SETFML, SNMARRGRGMAZE. ARBVN SRR PSR, 2% L 5E R RS ), (LA

I S0 69T e 24 TR b A AR B AE (3697 T B [5]. 2020 £ )5, N AR T oMb A i 4 i A A il i)
ARSI . E 3 W T2 RIS . R A B i . I N B R ST R T RE
[6]-[10], 1fij &I 41 U S A 2 F- L AESE M9 97 - 4K 2593 a b () S [11]-[13]

FE I AR X — B 24 W 4 R P R v, PN 2 41 B (endothelial cells) /& k% 0 RN A, FLThRIRES
ELE N MU LA B RS R R [14] . BEFERIL, M idid 4% VEGF/VEGFR. Notch. PI3K-
Akt. Wnt/p-catenin 555 510 %, {EHT N 4IMIMIER . B 5E K SR R, AT RF L/ 38T A R 4 T 4% 2%
M [15]-[17]-

AN, SNBAR T ARG D RNA (20 miR-126. miR-21. INCRNA-MALATL %5) 75 4% N 52 21 fitg &
DRk Ik N Rz R A FH 7 TR o 30 v R A S 1 [ 18] o T M P 25 N FRAT TR N SRAR A AR A 5 P 0L 5
AR TR T 1A
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Pk, AR GEERR SNSRI IEARF . 5 9 BRI ELARLA, DA AR Y42 i e 26 il 1Y)
YER, a5 & BopTit et R A SL I ot , 0 T AENLI 5 N TS, Dy JE Sl PR Ia T Sk AL
B2t Fe S (B A AE 5 BOR SR

2. SMFRE R R R SRR AR E(EHLE
2.1. ShibiABo5RiIR S 4E ARAFE

AL A (Exosomes) & — 25 H 25 it 4 e ik i P P9 TR AR — YA I A4S IR A TS I 43 A 1 /N Y 400 i A1 3L
HARTLHE L4 30~150 nm,  H 3 % s B35 ) 2% 4 44 (early endosomes) £ £ i 44 (multivesicular bodies,
MVBs) &K B TE B 55 40 S Rl A Jo o 3 9 250 B 2 4191« H RTIF 7 CUAIE S G048 bR 4 L S e 40 A o
TEUA . PN A0 B 0 42 TG S 25 R 43 WA AR [20]

HMIBAR IR B S5 1 S5 A MRS, B IR XL 25, HARTH #4574 CD63. CD81. CD9. Tsgl01.
Alix 25 b5 EMEE A, AEIE S mRNA. miRNA. IncRNA. circRNA. & 15 X i8R S shRet 2 1[21]-
[23]. X EE A WEVEYI R B BRI 055 2 L ) Rab GTP . ESCRT & & A S b 48 Bk Jiead 2. 25 22 Fh L)
P, WM A AR AE AT 328 P 35 030 026 FF) 200 A 3 TR K Ak [24]

2.2. ShiMERIEIFThEE

HMBRAE AN RIS 5 i S R E A, DRI T R IG5 BT i i F N . AHTHE 7L
TR, AMNBRTE 2 iR BRI R I e T . 4V E . My, Mg 5 s th e R
EVER[25]. JCHAEMRIAST R, PR RIF MA@ AL BRI E T . S iRy
A R AE 2 [26] . 0 AU T 18] 78 J5R T2 . (MSCs) B P 2 KL 4 J Ft &7 i A 0 o 00 HE s 8 4 41 00 2 2
5 HAERE27].

UbA,  HMIAR R A e Ra e It AR 3T SRR, B R R R 2 P A L R PR ik T
B, 7RO MBI MRaTT . MBI IS P I T T B8 AT 5[28] [29].

2.3. SMibiE SRR AR EAEALE

138 P Bz 4 i (Vascular Endothelial Cells, VECS) /2 14 B P BE 1) 5 2 i T4 M, 76 2445 1L 55 56 Bk
Z 5 MRS SR N B MV 37 AR S I AR R OR P OCEAE F o AN 5 P9 R 40 B 2 (8] P AF LA 32 B4k
BAE LR JUANJT 1

1) A2 B HO L -

AR sk AT 1 B 7 (endocytosis) . K E A (membrane fusion) sl Sz 4R/ G N FEN N B 4B,  HARHLH]
T IR A AR . R A EC . DLA pH SAEI AR b &5 KK [30]. 0, W7t W] CD63 P4k
WAATE 5y 1 A R A A, FEBRAE B SRE SR T, SRS T S [31].

2) miRNA 5 IncRNA {34 il -

HMIBARFTIE AT ) mIRNA ZE 1 N 4 iaDhRe b B 2 EH . BL miR-126 Jyfyl, Honlam i 42 ) )
il Spred-1, H45® VEGF 155, dEiMi {2t i i 40 Ml # 5 % 4 L %[32]. A W5t dE t miR-210. miR-
21 SETR O] AU N R AN AE S . SOEUR B BB AR 71[33] .

kRS, SMBETE InCRNA 7825 N 4L R R IE . i IncRNA-MALATL @il 5 SR
splicing factor AHEL/E R, 520 PN 5 41 o 384 5 14 2 J2 5 s T Js e 71[34] . b 4h, circRNA 11 circRNA-002682
TG UE S AT IS ceRNA ALl 50 1l 5 A= BB % [35] -

3) 15 5 IH B IHIS
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AN B % 3 0% Notch. Wnt/g-catenin. PIBK/Akt. MAPK 25 Ff Sl ik, 45 P B 40 i £
FhIhAE[36]. Notch 1555 5 N B 40 Airig v 8, Wint 13 S R2 08 W 2% T A, 1 PISK/AKE 3 5 JU) 75 i 35
P9 B A0 B 2 5 A7 T R R T A% O AL [37] .

4) BEASBEAEERS 5.

WFFURIN, ASRIUR R S WA PR LE I 2 T 2 B0 1 e e Ve B 5 3 0 A, 0 aviB3. adpl 55, XA R
AL N R AR e B S G, 3 o R ) 0 ED 3R A1 S 8 L A 7 [38]

24. RWMARARBEINLEFER

PN BZ L X SN IA A RIS B RE ) 32 B 2 AR RS0, T SLAFR SN AR RIR . R e, AR
& WOABERATSE. B, LPS RIFAT B B A B B BRI N s A e, S IMID6 IR IL FiE
PIAR[39] LN, AMBAREIRN S HLA ATt o 25 5 EL A A5 R [40]

2.5. lImPRMRARTR S

T NSRS N R AR R0 CHES) AR TR . O LSRIMAB SR A0 00 5 7 A 25 A 132
Fko (AT I 8 0 23 B AL RCRAR S RUF R BRI K A LA SR 2% S B ) [41] . T @ S AR AL Y
SRR AR R . RTHHEE R G AL, R RIT TR BT

3. ShibAEN-SHVMEE ROEEHLF]
3.1 mMEEMHNERATESXEAR

I A= il (Angiogenesis) & T 7E CL A ML 5L fli st iy R 40H 035 fb . 390 IR S e T iS5l 7
P T HO AL AT R 4%, S W UARAE B 18 5 R IR A2 5 Bl e A0 g 28 K rh S ) s i A P R [42]
FEP K AN M EFE ML P A0 SIS IVLAEM . T SR i B N R AH A A, IR N B A A 10 AR
TR O E

ZISFR B A3 L 32 B AHE ) R A0 xS 8 N R AR KR (VEGF) Bt 4 4 A K R (bFGF) . IfiL
AN IEA KR (PDGR) S5 RN, BE G 0% PIBK/AKt. MAPK/ERK. Notch Il STAT3 %5 filfs 53l 4%
[43]c AMAAE N HTIT R IR B A S -, 7 ML A2 R % p R H R VR -

3.2. ShibiE{Rit i E S A ZHLHY

1) @it miRNA Ji$5 VEGF 2 I R T iR IE

HMBARIETT ) mIRNAS 7R ML AR Boh RAE R Z REAEM . B, Mg skIgsba A& 1 miR-9. miR-
130a. miR-210 7] 2RI+ VEGF ik, W& PISK/IAKL 5 5 id %, M35 Py 52 40 i (38 4% 5 1
BV HLRE J1[44] [45]. miR-126 /Ey—Fh K 4B 0s 5 v miRNA,  Hodd ¥ #0H] PIK3R2, #271 Akt %
FRAEIKF, A A& 48 M I I A2 il miRNA 2 —[46]

BEAL, 18] 785 T4 M SR YR A AR ) miR-21. miR-125a-5p &t IE I v] LAME I VEGF 5 bFGF 2%
R PR A%, AT 3 S 2 2R ) I P AR RE I [47] 0 TR SRIALPE GO rhr, SMUA A S 2 P R
R ML AR I B AR T R A 48]

2) WAREN AN R A 5 ThRg

AR TT LLE 457 2 R RS 2 R P R 4R R A, LN ER LIRS RS . i,
Jir I8 SRR A M R 1) HIF-1a PITESREIAEE T 1, #E i #0E il VEGF 5 Ang-2 S53E [, 5550 5
YA 2 SRS [49]. BhAh, — S8 SR AH SC AN A A A A I T I I 1 4% N B A LR B 43 (40 ICAM-
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1. VCAM-1)fZik, M b ae /)58 1 i 1 [50]

3) BuER& ST iE

W 5T R I AN AR A G (I8 A AT AR T PIBK/AKL. Wnt/g-catenin. Notch 4538 & U #0E . it
miR-29a A% p-catenin {55, 18R N 40X bFGF (55 M 28 77 1 miR-210 M@ #04] Ephrin-
A3 1 Notchl 55, {2 Bt #e 5 W26 T i [51] [52] . BbAh, TEREIRIG GG, ~h ik fAcim
i AKUMTOR 15 5 il S0 I8 A R D e, 38 s & 53]

4) BBIXEA. INCRNA. circRNA - E4q i 5 1

% miRNA 4k, SMMMEIR S & &P A . IncRNA 5 circRNA, X 564> 78 If 88 A4 i b B RE B A
PefER - 1t IncRNA-MALAT1 Al it 454 SR splicing protein 135 VEGF-A BI#: SRR L], 32 i 18 5
M TE B [54]. #4) circRNA Al ceRNA AL 42 miRNA ik, BE 15200 P 52 40 i D) 5e 5 e
A L FE[55] .

AN, AMIAMA T R B B I Annexin A2, HSP70. 1L-6 45t A EL3E 5200 P9 B2 40 i B s 7 L B
A 71 B I X 4% 25 44 [56]

3.3. FRENFERISNDAFEMEE R P HIRE

ANTF R 1A A G I8 A e T B 22 et o TRg At B SRR A MR 2 RN AL B Re ), F
I R AL A AL T B I R, PR RS AR [57]: TARSRIE AN A Lok B B MSC
BURWT T A sh i, HABGRFIRIEEIhEE, B2 H T OUUBEZE. BEIR 2 IR GG S A
[58] [59]: T KU T A1 & ML B il /NSy S A4 I B3 S A D« RARE AR ” T 2543k A4 23T AR [60]

WAL, — LR Fi g tH A FIE AR (B S0E . AU /) T 70l B SN A, JHG I A8 A s 305 AR A7
B ZES. Fln, SEEFRMNBES HIF-1la. VEGF. ANGPTLA £k B2 Fif, AT &2 0 ;i 40
i i T B BE [61]

3.4. SMLAET RN E PR M ECSHEFE FE

TEFREA LIS, SNl 2 5 P F . ZIEBAR AL - sE R EA, & HimniE
HEMZOILE . ERMEL T, FRETA00. 8705 T4 MR IR/ WA A v] 3% VEGF. bFGF. Ang-
15K E, FK#H miR-126. miR-21 L% VEGF/VEGFR2., PISK/AKt JE#%, ik iy fz 41 i 14 54 5
B TR, 3R TE I BE 4 SN 35 B S5 WEVE RS 11[62] [63] . 1 ZEA #R 4 T AL ML 7 T , Ah I A AT #5748 NGF.
BDNF. GDNF 25428 32 K 1, [FINHEE miR-132. miR-21 A& ol 54 K 5REM LA IE A, 1
B REAN S LT 4 AR S T REIK S [62] [63] BEAh, AMAA AT 2 6 0 A hE S AL, T S ELE
YL M2 BUR AL, ST REAR, NI - PR P R AR B AR AR E TR R [63] [64].

3.5. SMMAEETRRRME R I B A A R RO R A S ki

FEGR LD (AR AL T FBC R L) 3 PRI S R A (A i PR ML J 22 i P A2 ) S BT I R
A AR TR [ (e B A A, O ARCRL BT SRR YT SRR [65]. lan, ] MSC AMRRIR YT Sk Lo A
B/ GRS B B T O LHE T 5 B 40 L% BE[62] - ML A, iR ML A6 B % RNA Bl 8 1 ' 48 T- A4k o,
A DI R T R

(EFRERAR, SRR ST I A IR AT e i o BV IS 7 4, JCHCAE R ARG Wl PR g 2
B, BRI A A T B SR BUILAE S5 R4 . ThREZAL[64]. [HIk, FEBTHAMBATHT SR,
S22 5 TR SR 2 M A 4 L ML A B
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4. BESRE

Bl SN ILAARRIE T AR s AR TE R 2 AR i H IPE ) IE IR D R L R G 2 BRI
BRI AR A [RIBUEIA SCRR,  AMIMARAE A —Fh R A M ARV, AR 40 R (S B AR 3 R A%
OEH, BAEMAE B SiEE . HEEE KB R 12 EY) 5 ThEe[66]. 12 Pl ik
BER, ki BERRE . RS, AMAAIEIE T mIRNAL IncRNA. circRNA DLEZME5EA, AL
WA P R A0 T R I AR R T I, T S I A Y 4% (1) B A EAA S A B E Y [67] [68]

PERLHIZ T, A 428 A8 AE il 3 AT H 4577 () miRNA %f VEGF . Notch., PI3K/Akt. STAT3
EAE TR, X L5 Rl I PN R ARG A . SRS b BB I T i B e PEAE F69]. Utk
Ab, R R R, AR ARG S RNA 58 (R 2 8] BEAECE B R R P ML, 2 BH L 8
AazdE “ BT fEH A fa#[70].

AU TR L, M B AN AR A 5 PR 4 AR R 22 J2 P [ T 4 P A TR 40 T T A
PR S A AR SR RN R —HELE, % R A R TSy = 2 P R . RIS S AR
& AMMARE R FE VEGF. bFGF. HIF-1a % DjReE H, LA miR-126. miR-210. miR-21. IncRNA-
MALATL. circRNA-0077930 %5115 RNA, TERURE IS G155 5o0[18] [32] [34] [35] [46];  Hriifid #E #
G FiRE5 B RS VEGF/VEGFR. PI3K/AKt. Wnt/g-catenin. Notch Z54% Coi@ i, 18 ik i 4 1)
2SO E S IE A A, ORI AR SO [15] [17] [36] [51] [52]; RNt )2 BRI UKS) P 52 40 i
SRR . AR SR I M4 o IS T R, R S ) R ITL A I 8% 1) A g S5 AR e [14] [42]
[49]. FEFBEH A FRT, X Mg —BEMONINE - & - WA FE AR MR L
VEGF/AKT et F e M1k, L NGF/BDNF 2 miR-132 Gl B e A 42 F AL,  [R) s 342 5 g 41 g
Wb 5 4 ENIR , N S B E R At — RS2 F7[38] [62] [63] [71] [72]. X — AR xRAVN ENE T ik p 4%
G, o D s AR SR AL T 2 I B IR A

ARG RS JZ T, AMMATOR CIE 0 E S0 %, BORTRTT SRS A5 P20 75 2 b
e 10 A B R ) B LR SRS o B, AR B SRIR AN ARTERE R L BRI O U AE S5 B A A v
P R AF AR I S5 2HEUE S /e J1[73] [74]. Rl e O M A IRIEWIRTT 5 R eI @&, i
A SR EE B 7 RAEAE AN IR IR RIS B, o M e nT 48 5 R AT AR 22 A1 [75].

SR, AT BN IR A 5 13 AR ORI 8 AR T I 1 2 Bk ik«

4.1. ShibiAF RS R

T SE RN AR B B S B . A FEARIR . ANRRERES . E AR AR R &
PRI SN sAA, RIS . K/ r & B BN ZE R [76]. BT sk Z 58— AnifE i ANL A 5 5
YT, XA E AR B2 T W SR 45 S AT LU AR B SRR I [77] . m AL ThREARE I A
R R (U B O AR B SR e 55) D ir it — D An AL S AL
4.2. (ERNBINRZRSTE

HATK 2 H TR b T (S SR R D RE S T IOWETT, TG T A A 22 B (1 B R
IS IR M= RGBS JCHAE M R R T, ASFE 1 ELAE R 2R AL Ak T
WP IRZRB B RN R GEY 00 W 5 il 2 21 S R 124 A SR 4 s S A T R 4% PR [ 78]
4.3. $BEIE I 5570 8 kB30 R A ER BT

A AR AE I A R (AR A OB A #E AR AT R, (B AR R A R BAR, B AN A
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AT EME A B A 0 L BRUTARAE AR RE AL S0 S BUR T RCR BRAREE B A B RNI[79] 0 BEAE, SN AAH “ 77
ARG AN, R AT REAS BB RONE, ek B U R RS i I A A RS & JOAE 2 [80],
RO 2 P R HIR 1Rk

4.4. BiEITIRSIEKELER

HMIMR BAEFR N “RIRGUKREUR” |, (BHZY B sk et 5 A R R oo sk
DUAMBAR T E B . BRI VRSG5 . SRIR BRI, 2 TS AR AN 2 ) TR U ) B A )
[81]c BLAL, AMAAHIARSN KRR = SFR AL IR R R 565, SO HI 2 FOIG R AR L — TS, 5
ST 5T R IR E A 56 T4 o SHe YR ) 4 B P €36 (Intracellular Vesicles, 1VS)E 715, Hore B e A 7 T
5 Exos 253k, HIRBUSER K KIER, N HBT S A S AT S mans S, A BRIV RmE,
AR ] e RO ST AR A [63]

4.5. BRI ME{RE X B

BIRHML AT et i i Ak L2 0 L A, (B R Gl 5 v L ) R T Rt e LA A
SE IR E SR U N S RS BE[82] . DRIL, AR L Ak A RVE 2 IR US4, MR TR (eI E i
SRIAA R G, AR R AL R h 7 U S il vk (PR

5 RE

KRR AR ETFT LRI B, FEREIGRE M AMNBA S B S5cH AR, ORI B
5Ihaen i B, AE2HAR 5 NTEREAR, @ Mk - B - g ris s 8
=, HEshSN A TR, B REEW. /7 0SB, a5 nsrRae s B, JFR
Z O IERATRLE 5K HARE V5T 70, B AMBMARIE S MIEYT o Q018 R 5 IR I o 17 7 R 51T
ik % [83].

TERGHEE R R R, ANMAVE NS BRI 507 BRI X M e, 1EE D A EERIE 72 7]
MR o FLAE M A B R 45 o B TR BE AL 5 B FH P (A IR N2, A S RO T — AR A iR T SR s 1)

VS EES
SE
[ Fh27, WO, XUPE. TS 5T A A 0 S0 -5 W P [T). 5 B K22 2740 (B 27 A0), 2025, 63(2):

207-215.
[21 X7, SFRE, IMER, 25 AFE TG0 IR IE I A v A (e it i 5 T8 R R Fe st R[], R Bl B AR Bk =8, 2023,
39(1): 170-177.

[3] Sahoo, S. and Losordo, D.W. (2014) Exosomes and Cardiac Repair after Myocardial Infarction. Circulation Research,
114, 333-344. https://doi.org/10.1161/circresaha.114.300639
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