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[ ABSTRACT]

hyperplasia of fibrous tissue within the arterial wall.

Atherosclerosis (As) is a chronic vascular disorder characterized by the accumulation of lipids and the

Exosomes, nanoscale extracellular vesicles, serve as a major conduit

for intercellular communication, ferrying bioactive cargoes (e. g. , proteins and nucleic acids) that modulate pivotal patho-
logical events in As, including lipid deposition, inflammatory response, and plaque stabilization. ~ Endothelial-to-mesen-
chymal transition ( EndoMT) denotes a phenotypic conversion in which endothelial cells downregulate vascular-specific
markers, acquire a mesenchymal signature, and thereby potentiate arterial fibrosis and plaque rupture.  Emerging
evidence indicates that exosomes orchestrate EndoMT by transmitting activating signals through canonical axes such as
transforming growth factor-B ( TGF-B ) and Wnt/B-catenin, as well as by delivering transcriptional regulators (e. g.
Snail, Twist) that repress endothelial identity genes and activate mesenchymal programs.  This article systematically re-

views the molecular mechanisms by which exosomes regulate As via modulating EndoMT, focuss on how bioactive molecules

carried by exosomes derived from different cell types mediate EndoMT and further affect As.

This review is expected to

provide new strategies for targed intervention and treatment of atherosclerosis.
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As R RIRY . B E AR TN A S
5 As AMNBAEA ST EndoMT 32, UL & EndoMT
UKl As T AR B IR (EFAMNIMASE i A3 EndoMT
PEE As ERRIGELANLE] , = R M A
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1.1 SMEE R S ThRE R

SRR 30 ~ 150 nm (XU AR, HAT S8
ARG XL o> 72450 . HoN & 8 BT R 5. RNA
SEAPE Y T2 AR T R M A
ZRARRT B TS H M AR T2 B i LUR
5 RO AR AR (1) Zh A 5815 200 i
B HAEBRENEY; (2) SRR T RAR -2 R 45 5
WS TR 55 (3) Ah b iAsE o 9 7R T LS
WA T SMIMAAE N R IR AE S Ak TE As
HET, HIREHZ HAE 1/ RNA (microRNA ,
miRNA) K 8% 3F 4% % RNA (long non-coding RNA ,

IncRNA) LR 1 BRI 5045 DG A o3 B 3[R 52
X LRG3 ik U E) S Sy A R A A 4R R E
PE JAE R AN 19 S il As (3R 1) .
1.2 Mk 2R RSk IR = B

TE As AT AMMA R D) E Sk T Hok
R HALNN 255 T4 2 T TR 45 5%, i X 2R
HNBRBIER 53 A As S5H0 As BERIIRERAL
(1) As HMUAA T2 i N B2 4 (endothelial cell
EC) M1 %Y = Wi 20 Jd | ifi 5 ~F 3 UL 40 B ( vascular
smooth muscle cell, VSMC ) A ## 5tk 21 g ( dendritic
cell,DC) 73, 1] 2 5 AL A K K F B (transforming
growth factor-B, TGF-B)/Smad & 115 518 1% ( mothers
against decapentaplegic homolog,Smad) 4% ¥ kB (nu-
clear factor-kB,NF-kB) , Wnt/B-catenin =5 3m I,
TR EndoMT ORI RAE KN 5 (2) HT As Fh
AU 3= ke 5 T 1] 78 5T T 40 i ( mesenchymal stem
cell, MSC) . N iz tH 41 ifl ( endothelial progenitor cell
EPC) J M2 BUE W4t i, FonT 38 5 miR-100-5p , Let-7
% \miR-512-3p S50 T ] EndoMT &5 N K2 B
B, PR BE R AS E M (R 2 IR 3) . TR AN IAMA
TR EndoMT 51855 EndoMT M REFEHLIA R,
FE[R] PR 2 L4 N B2 B S5 K 5 DI RE . A R AE
RGBS MRS U] A TR S
A B TORE A T IR A
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Table 1. Exosomes in atherosclerosis

KE Gy A
miRNA miR-21 FEIRBEA Lo Y SN S 07 PSR AT W R, 40 S R S B
miR-29a ML TR v TR AENR e Ve B AV T LA B R AR DR AL A L S R A P L 2
H AstY
miR-155 A7 B Tl 1 17 S A0 M08 T L HE AR FRE PEBERR AT A, HETRT L As HE
miR-223 A SR /NI BT TR, BRAS I8 HL A S
miR-322 fESy SR p LR L S A A R 6 Rk 2 A
miR-494  [RARBREMR i e SR 11 h, HETTS 0 As BEBR ARG 1
IncRNA LIPCAR YRS RLIAR 573, 20 HILZAR L s EC . FFE AR X 200 M2 8 ) DR TR 440 L A/ B 0 e i A, o 2K v
KT, B WO B L i
GASS  fITERIRA /N3 RNA(snoRNA) B4 p53 {5, BELA A0 A0, 406 PI3K/ Ake/mTOR #l, 3 [] 38 5%

circRNA  circ_0026218
HAR HSP60

MMP

YU TR E As R

W miR-188-3p , fi#4: %t TLR4/NF-kB HYIMH] 42 BC BIAL3Z B T K 20k A AL gl 9k 3h As'™)
HSP60 B i iA-Iubh 2 X E 070, A AT S BE (5 5 ; 760 WU Bz v BK 3 4 5 -5 144 5 3 %,
25 As g

A P A R IR S (5 5 IR Bl At

1 : LIPCAR ;O WILEE 98 Y 3 A [A] K 4% | E 4 A% RNA (long intergenic non-coding RNA predicting cardiac remodeling ) ; GAS5 « A= 4 45 Hp S 1 4 5%
HF 5 (growth arrest specific 5) ; HSP60 ;: #4/K 72 85 4 60 (heat shock protein 60 ) ; MMP ; 3% 5i 4 J& 2 H  ( matrix metalloproteinase ) ; PI3K/Akt/
mTOR : B B Tk LR 3 -3t/ 25 1 4G B/ 2L )9 55 A 25 28 ¥E 25 I ( phosphoinositide 3-kinase/protein kinase B/mammalian target of rapamycin) ;
TLR4/NF-kB : Toll ¥£3Z4K 4/#% K F «B( Toll-like receptor 4/nuclear factor-«B) ,
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Table 2. Exosomes contributing to atherosclerosis and vascular endothelial dysfunction

HUE J8y

EEHLH S 1EH
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BRI ox-LDL i 3 1 UK 40 M 437 4=

GEPIRTAEN
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ox-LDL 43~ THP-1 4 s
AR A4 miR-106a-3p

ox-LDL 4t ¥ THP-1 41 ffd
R H= AN  GASS

EE AL IR THP-1 20 ff £
AR A IA  HSP60

Je ity TAbEE T B v A Ak
AN miR-21-3p

VSMC miR-221

miR-222

EC LINC01005

DC

TNF-a/NF-«kB

miR-146a

ox-LDL 15 Sl PR AN TE A, ML VR AT A2 Y
A as A 3 3 A 3 VSMC 1 F% A B Sk
il As

LIPCAR 7E ox-LDL b B (Y THP-1 B4 40 ity
FirHE A i A v g e 3k (R 3F EC P T, M
EC 34514 , ek VSMC 54 51T %
miR-106a-3p # i # 1] Caspase-9, Jik /> 4 i
JAT-HAEIE VSMC 58

GAS5 7 THP-1 fiT A= By b i v 5 48 ot %
ik GASS SEANAL 8 T, BiFR GASS 387> EC
AT

HSP60 FEME IR 45 144 T THP-1 i1 A= i) 1 i
PRIk AN, % TLR4 5152 EC 44E, {2
#E As

miR-21-3p 7EJ8 7 T b B W 40 I 475 A= 1)
MR E 4 ¥ PTEN i35 VSMC 58
R, M As

miR-221/222 7F HAoSMC 154 i #h s A i &
4 B PTEN, 800% Akt il 8%, #14 HUVEC
A g fEdE As

LINC01005 7 HUVEC ™ & 23k, J875 miR-
128-3p/KLF4 %, {2 #F VSMC & m £ Y, {2
HE As

DC fii A= B AN A 7 TNF-0/ NF-kB {5 538
RN EC JAE SN, IR As HEFR

miR-146a 7£ DC fiT 4 O ZR A v & 4 T
GaRE N HT PN 2 S , A1 1 9 9 1 e

Niu Z51200 %2 B 90 7 40 8 17 4= 4 4
WM 269 Fi 25 7R RIKEA, S
55 Y0 SRR T R B B s AR
HE VSMC i A% gkt

Hu 27V & 9 LIPCAR 7F As i3 ¢
MR R IR S AR T IIAE G

Liu 251 % # miR-106a-3p 7E ox-
LDL 2B () THP-1 47 A= 4h Jh A vp
W

Chen 27 % 1 GAS5 7 As Bf e
Rk

Martinus 55> % BURE IR 5% 1 T
THP-1 7 £E B9 4 i 4 i HSP60 3
kH e

Zhu Y KB, Je T i
AN MA miR-21-3p I As

Li 2270 B I AE HAoSMC 137 4E f 41
WA miR-221/222 & %, % 53
HUVEC H B

LINCO1005 7£ ox-LDL 4b B (¥
HUVEC 7 4= 5 41 s 14 v 8 3 3%
PETT VSMC (14 ni e 1 125-0)

Gao 2PV K I 78 LB DC AT A= Y
AN 3 3 TNF-o/NF-kB i 12
755N 2 RE

Zhong %7 1738 miR-146a 1E i
B DC SM b o 8 253580

7 :ox-LDL: Ak BUAK % B JI§ 5 11 (oxidized-low density lipoprotein) ; LINCO1005 ; + 4% 4F 4% % RNA LINCO01005 ( long intergenic non-protein
coding RNA 01005 ) ; TNF-o ; R IRFE R F o ( tumor necrosis factor-a) ; PTEN : 2f 10 5 Y a4 Bl (1% B B2 il K 7k 77 3 1A [ TR ( phosphatase and
tensin homolog deleted on chromosome ten) ; HUVEC : A5t ik PN B2 40 Mg ( human umbilical vein endothelial cell) ; KLF4 ; Kriippel £ - 4 ( Kriippel-

like factor 4) ; HAoSMC ; A sl k18 W4T (human aortic smooth muscle cell) ,
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Table 3. Exosomes improving atherosclerosis and vascular endothelial function

SRR % FEHLH SEM FHICHTFE
MSC miR-100-5p .FZD5 i miR-let7 $0H] S Ai HEFR I, 0 H] As  MSCORIEAISMBIAXT As BARIFAEH, 1

P2 ; miR-146b .miR-378a A A BT R AEF
miR-512-3p Keapl AL Keapl , B IR K 40 5 2 A1
HF 2 K, I H 4npEE T, 23 EC 95
T B ) IGF2BP1, U8 /0 B W 4 T 7%,
7S M2 B4k
Wy ¥ ) KLF6 Fl ERK2, 5 S M2 B 4K
Ak, VB0 AN T R

Let-7 &% IGF2BP1

miR-21a-5p [KLF6 \ERK2

R TR A A0 LSRR, BRI 46 o AN ff IR 7
S

/INERHE B MSC e U A9 S0 A sd i i iF EC
HEFE AT As"Y

Let-7 ZJGEAE MSC A4k Y AMIMA b s 5k
2 5 F VAN AR A 3R A fE
miR-21a-5p 7£ MSC 725 (1 71 1 4 v v 3
kA R As RIS
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KU % FEHLH S5EM FHRAFFE

EPC miR-21a-5p . miR-222-3p ,
miR-221-3p .miR-155-5p, Wik

miR-29a-3p
BMDM  miR-99a miR-146b

miR-378a M2 B Ak
i/ miR-25-3p

M e A B DIRE IR0 As BEHRAIAAE

W ITE Y TNF-ao 1 NF-xB, 31051 48 5 3Fm

it #0 ) ICAM-1 A 15 NF-B {5 %5 il
He A A B2 RAE , TP As

EPC 174 i ANIMATERE RN As /) BB
i R AP PR AR

BMDM 74 B4 iACTE 55 BE A /N BR P i
S E AR AL, TR T AR s

P8 I BAEIRC TG 8 I/ INRR AT A A0 I A 3 it 22 Fif
P miRNA s WoR HEE A Y
2EIRENY

7 . BMDM ; ‘B 583K U5 AY E W 1 it ( bone marrow-derived macrophage ) ; FZD5 ; B A 5 (frizzled class receptor 5) ;IGF2BP1 . RS ERAERKN
F 2 mRNA 4548 H 1 (insulin-like growth factor 2 mRNA-binding protein 1) ; ERK2 ; 21 [l SM 5 I8 15 B4 2 ( extracellular signal-regulated kinase

2) s ICAM-1; ZH i E) & Bt 43F 1 (intercellular adhesion molecule-1) .

2 EndoMT 7 As FHIEYI=1ER

2.1 EndoMT B4 FHHIE S M 45

EC 2 M4 RS B 20 BEER 73, 2 18] 58 AR e b
AIEEPIRS G o EC AR A 5K 1, 3B e S A i
JIE S A T 3 S T Y A € A A
FERW,EC WD RERL G ] 1 id 2 AL 2 As 1Y
R K BARFR BN ) B R B 5 R MR IR | R Y
I3 ¥R U S B A0 LT A% RE ) Y 5 A s 2L
AR

EndoMT fz -1 Markwald 25 78 1975 4E MR

HOEABTRGEMIA, KL ZHFEMMRMRE, B

HIXT EndoMT Y HFAEPE MU & A BN IR AR
EC &A™ ) D RERR A, JF AR Fe vh R L B
AR 25 e B, 2R 2 HCAR 1Y) A i 3 A ——— 0 4% 4
I ZS A8 SR 5 B A | % 25 40 i ) 19 328 4 A
P ARAG RS Bl 1 R 2% K W A e P, 328 i T 7 i
A7 [ G4 R 40 PR Y B R AR 1 R
[ A0 /NI - A R A R R R 23 CD31 I A P B2 5
%45 A (vascular endothelial cadherin, VE-Cadherin) ]
FNEE T 4 @ 75 1 B ( matrix metalloproteinase , MMP )
)T i AR HE AR 8, DL (8] Fe e RE AR 5 o F
W WLIL3h & F (alpha-smooth muscle actin, a-SMA )
FIESSS 5 86 1 S100A4 1 1855
2.1.1 EndoMT A4z HUH & B J B 55 fit 2R 5L AR
M TERIGRN B, Xu 55O B 7R A 527 59 2
Wi P& /N7 25 1 1 (zonula occludens-1,
70-1) BHPFEAS B ELEE A T M, VE-cadherin
TR W2, EC [MEERRY K, RIS, fF: Rl
LG R A B2 B¢ D -1 3 2 1 S DO EC BB 58
eV iEE TS A EndoMT J3 3 5 Rr2Lfl ik
PR EE, I Li A RRSE KB, O WL BE S B0

A 40 A % 18 (interleukin-18, IL-1B) 15 5 4
NF-«kB LK, RAE SN 1S B EndoMT 1)
Ui 5 2 3 018 9 2 Sk DR A5 2 00 2 40 A K T4 12
FRAS TR ER , 180 1B) 50 B AL R T 4 R E 7%
SEFR A N IREN EC RV 0 F 51 %, X kK
M B B R D RE i SR, S I 0[] A 3R
B, E N ZE D) T EndoMT,

LY, A A0 3 53 ) 55 %8 R EndoMT #2HE T 7%
FREE . Patterson 258190 H VRS A 2 Bl ke sk 25 v
) e i e B R | SR T AN TR Sl 19959
Gy/ AN S YEE IR AE S, SRS Il N B 2 B AL
TR ) AT AE R AL Ak 25 VR WE S R SR 4R
TERE “ Mg /%8 Ak B /R RE T B IX, B 22k
TGF-B/Smad 55 NF-kB {55, {fi 21 Jfd 41 3k [ 7 B 1
4 EndoMT S5 £F 4L FARALTS 2,

2.1.2 EndoMT i 265 R &4 A 5 R B3 K &

R T RESLAFAE R T AR B RN A1, - 1 HL
ML S S5 % b B2, Hamezyk %6 B 5T
KL, As LR H VSMC i IS0 4 2 78 ) 4 b 3% 780 2
I Smad3 55753 WME 5, 15 S W R PEH T
AR EC, S H & E EndoMT, 74 EndoMT 3K 5 40
it E G R A AT AERE AR, VSMC i By 200 i 1] 228
YEFATF EC, Ml EC 726570 WUW BAE S 300~ & 4
FRVE I AN AL ) SR AL ROAR 85 JE I As BEER
B

M EndoMT jof 2 Hp 18 26 B H T G086 il K3 1

B S A A0 SRR N IR R B 5 T — 80,
Luo 2PV BFSTIESE , As THOREE T IR 5 AT 2R
WAL EC 3R AL, J5 3 EndoMT; 5 15 5T 5 1§ Jot
FALT YIRS EC IR USSR WK 5 EC [n][H] 58
FEAl , JE R EndoMT AYIE SRS FE, Sobierajska
APV S e B SE AR R B T A R EndoMT A 32 3
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fish Az 7% 5 7% 4 ( reactive oxygen species, ROS) i 11
HAEBOR TCF-B2 5% (55 ROS |1 P 45 HL AR
AR E I EC R TP A “ ROS-TGF-B2” 1F S i 3R
W AR SR BN EndoMT 943 F1812 .
2.1.3 EndoMT X494 5% )5, EndoMT
B B e 258 A T B E A EC TR — RN IR
S, HATEBHIESL R EndoMT i N & 2 464 1
2,53 3~ TGF-B . Smad . NF-kB F11 Wnt/B-catenin,
HAAnAG R %A AL (fatty acid oxidation, FAO) [ TNF-a
IL-1 DNA HIEAL AN 20 8 B A 25 R A 1 R 4 S 0
FEOPUESE, (1) TGF-B il % FEARZ 5 As A K[
EndoMT 5% 5, 3% 3 TA & TGF-B /23K 3l EndoMT
HERE A OCHE PR 1, BROAR LTS AL T A o8 4 W
Chen %515 % B, 3% TGF-B 5 53 % 1 1% % En-
doMT fe k4T i 3 TR, JIF b8 26 B o3 77 N
M RN DR As BRI 0 R A 240 P
AR BT 5H Az () 78 5 A0 LI i, e 2 48 2
ST, (2) Smad 8 # Li 55 BRI, K
VTR M 20 231 240 J %) /1 0 A4 mT LA sl 2 484 1 38
1 EndoMT Xf HUVEC H 5, 38 i 22 fif miR-486-
3p/Sirt6/Smad §li)i7 3l ) EndoMT , i B 4h I 14 GE 95
I EIRIN (1A= S N ORI = NN N T 1
EndoMT, (3)NF-kB i % . Ge %[54] 58 & B , W
miR-155 (SN MAREILTE NF-kB {755 8 H 40 i 240
A 15 = il 5 6 ( suppressor of cytokine signaling
6,S0CS6) Ky ik, I fESh EC B EndoMT FIZORLIK
HDIRERERT . UERASNBAE S NF-«B 32 EC JihE
BRI RE QI AL, A As SRELBRG1R YT 7 05
FEAL T SR UAMA IR 7 TH A IESE . (4) Wnt/B-catenin
W Hu 429 BF 98 & X, Wnt/B-catenin 18 % [7] ¢
Z 5 MR I EC JEPE IncRNA LOC100132249
AHE ]S Wt/ B-catenin 38 [, 18 1915 5 EndoMT
gEmfe sk A B A= . FRBFSE R, SN AR DL
T EndoMT 1 J8 3 F I e 4 5 20 e DI BERE A%, 36
UE T AN 8 1038 A2 i b A HE B E

PRI IRAWTSE EC HUTE As T8 7228 v 1 BLARAL
il #RIE As T FE P & A EndoMT B 500 EC #5461
MR KA BT o As 1Y 38BN 9T B AR VS AR
A
2.2 EndoMT IR ERFR4E
2.2.1 EndoMT # &} % 5 R & EC 11
EndoMT 52— 28 A Y2 8 R BL B B iy
s St (1) NS I 22 5 . DP9 3R IO JDE
JE EC HAT A 0 R i B2 U [ SRV TG T 1 (fetal
liver kinase 1,FLK1)/Ifil%& PN 5z 4= K R 75244 2 (vas-

cular endothelial growth factor receptor 2, VEGFR2) H
P rb IR J2 A 20 ], J G B O v ) A A 1T
00 (2) TR BRI . R[] B A () EC R 58
TR A LA B0 T 2 R (AN [R) 9 5 ) A |
FHOL EndoMT UBMEAFERE X R, 3 FS
Wi Ji 22 57 - EC A XS B ALA5 5 (a0 TGF-B) 1o ik
PEAATER] B 25 5 3 ] R HR WL A2 R AE A 5
R T A 1 22 S A Y
2.2.2  EndoMT # 48 JL 5% it EC 9 EndoMT
WF5E BB B I A 40 i e ST X b e e R
PRBLAE LLR JLASJ5 i, (1) R 2% 5. EC &
EndoMT J& & 3“6 & i &7 R, #70 7f B K
CD31 Ik VE-cadherin ZEAHY A EZBRiE , 7503045 a-
SMA R IKAY WL HERFAE, (2) WREZE R KR
EndoMT Y] — A A, 350 70240 LAK I 45 1R 2,
R LA 1 5 9 0 0 B A2 A8 A0 i X TR R R T
(3) K522 5. As WA EndoMT 1 48 it BE 7T Sk U5
T P9 B, BT i AEER EPC i i 45 B 35 T 41 g
SN MR JE 2 IR G REHE, AHFRR
B 7 As SR BIDIRZS T, 48 EC a) i i AL 4
FEAA: EndoMT, 33X — 2 25 5 P2 1F: bl 5 S N f
PEZ T2 R I A o 18] SE BRI, 5 0 [R) I, EC
FIA) 24 L ] 22 e T T A0 R UG I 0 0 6 A 40 i
R SR A SME TR

AR 25 2 IE L, EndoMT Z5 As WA E
HRJE, LEBEAENE SR Z ] BN R A
FHY EndoMT 7E As V{2 VR IAL S A Fr

3 SMNMEAEAR D FHRERE EndoMT 5 As

3.1 EFHER EndoMT FIEH R

HHT As S0k T B 4N MR RN EndoMT AH SE A 5T
B RIS ANIMATE EC RAVE L RE &
FEOH VU100 40 B 8] 38 R ) Re. AE EF XA i ik 5
EndoMT IR ARG i, — & 7E 40 M 2 i 1E i ©
B , BV AR 3 B o A vh b 20 5 Jmy R O 1%
PTG 5284, UG sl A KRR 28, 20 i 43 ik 19 411
WMATE X — i R v R AR QS5 5 15 i D e
FE As T ARG U A IR AS AR LA 335 2 S 240 i 1Y)
EndoMT, i 7] £ NF-«B fiil & #U4H i1 (1) EndoMT Jf-1F:
W 240 R T 1, ) RE B, 27 A1 AL/ EndoMT Hili []
As HERITEAERZ DAL
3.2 HMIMEZE As NS EndoMT BB S FHLE

Xof WE A 2 10 22 48 0 48 s, 9 s A ko ot A
5/ TR/ ORI AT A PR AL, B 3 48 EC &
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Figure 1. Exosomes modulate atherosclerosis via endothelial-to-mesenchymal transition
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