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Abstract

e Exosomes are ubiquitous in all types of body fluids,
exhibiting a high degree of abundance and diversity.
Given their distinctive structure and function, exosomes
are involved in a range of life activities, including

intercellular communication, material transport, and
immune regulation. An increasing number of studies have
identified exosomes as a source of diagnostic markers for
diabetic retinopathy. Furthermore, exosomes represent a
novel avenue for therapeutic intervention, with promising
clinical applications. This paper examines the diagnostic
and therapeutic mechanisms of exosomes in diabetic
retinopathy, reviews the advancements in exosomes -
based diagnostics and therapeutics for diabetic
retinopathy, and aims to enhance the precision and
efficiency of clinical diagnosis and treatment of diabetic
retinopathy.
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HE PRI A I JIE 5 2% ( diabetic retinopathy , DR) SRR
ZRAFR 5 R A0 D00 S B 10 A8 08 T N BHL 26, 80— R A RIS
S o G K Z2 A i AL < I AL AR 465 1 — 1R o e e
B P08 B AR T R BT A LS G 5 M 2 LT SR
Lo JIE e 28 200 L 1 35 ) AN ) B A% S oM 2R AT 1R
A AR S 0 W 5 | R 1% 4R A I RN 5 BN 5 R R
AL RE N R R GR DA SRR 238 5 IR I R
FE[EIVER ok 28 P Z0AH B4 OGS IR JES 3 g™ A AN n] 3
PFE RMAEANRE R Z —, B2t 259
o6 TFARGET B HATIRIT , AR IX SR R I T —E ROR
{H¥R DR AR W07 1 1% A B 38 M I PR el s
R DR AL oE 09 H 25 IR A, 2 U058 K LA I AR
75 DR AIm L B Iy 7 v 5 B2 A

AMIMA ( exosome ) B9 A )& B AR T 40 I PN R, 24 40 it
I T % JEE 2 1 0 Al B ok P A D N AR s A B S 23
AT R ML AR, X - EEATZ N
(intraluminal vesicles,ILVs) BUIEEE#) ; Z 104K 2 5 410 /Y
B Rl A, FF TLVs B3 48 i A, 33X 28 TLVs gl 4 A1
R EAR L 40-160 nm , 2240 AR A4 K SR I I 0K, Fe
BERR X1 )2 s s i i 1 AR 1 S bR ic s 1 L
EINEE SV Nl UL A < Y B (oo e B BUR <o
Fiz i B E R AR DR R R P A Sh I AR 1R
#H A 25 DR ZIEHLHI A& 2R AW 00 1 Sobn s, ok
IRV BE A R e A 8 Ak

NG U /2 O NP /R N T R i R Y
( mesenchymal stem cells, MSC ) . #1 W i {6 3% [ % 40 g
(retinal pigmented epithelial cell, RPE) &5/~ [F] 41 Jifg 2 71 43
WA S A LA AR 14 A ) 2 AL S RN BB R RS
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AT LS AR MR IR AN Eh BE . H FTAM A © 78 2 Fh A i
ok R AT I L LT R R K TH R
DT TR ITIRIE S AR TR T O B2 A AN A I
WA LIRS TR b B L A ) B B — LR T B AR A
T, AR R A T S, X — B AT RERROR L AW
A7 S IAA B JEL TR 5 B AT T 22 b AR )2 D) R SR ARG
SEAEIE 2 A Y F DI RE I — W 43, BT dE R 0 i A AR
A I N AR LA B 2 5 i i AR v R R OB

R 2 AR A S R A 1 e B 2 — AL N H
100 AT B TR R A i — IR 57 e, PR T S0 5 20 L i 24
JiL A IR 53 - BT ik AR I [) It BR )1 245 49 3] 3k
kb BEAK TIAYT DR YRR . BEE SRR RE TR A A1
DM PRI AR 2R AR 2 P R D) R 2R M (LA A R g
BRGNS PEAE P i SR o7 AR S R s A6 o B
B PEARIRYT . ASBFSE SN IR Y 4 B Al Ak (DR (1912
Wr 5IGYT A TERR
1viErBESEE

AR il G588 B A WA 0 12 W RIS B3R
SPHLEORIET4E . ANBA B A Z R B AR 4 K
AN EEE GRTTHLATAE X AR SNIMAA 5y i o3 B i E
RAE, HATINBIA 3B TR Z | B O TR AR HE
o T I A 3 5 1 A v A T v A O I
(SN AR L TEAS B I 7 AN IR B % 5
BORA 3 9 i 7 W BOBE B R L 98 oK UKL 7R B 5K
Western Blot , Jit 2 40 Il AR 55, 3% S8 56 AR Sy S s 14 19 4l 1k
G BT H& AR 0 AT BT [R) B A S IMATE AR 12 8 53R 97

WL SRR,
2 EiL S A3 4T DR IS BT IR 3R

DR F AT RETCRE IR, 5 L adk B B (4 90 7 1)
L R A S 82, B LAGE 3 DR ZE bR i 9 k47 30
R A R 22 A B 5T 2 W, A AR T A
VBTHTR 5 K BB R TR AR AR R AR e AT A
TRESCEE RN N B9 25 S U 8, 445 B 2R L RT RNA 554
Y15y F 0T LIAEN DR B9 AW bR 4, IR H F IR A A
WK (AR EAT DR LR 59704, 8 DR
FH WG PRI W AU SO T B A BN T, Wk 1,
21 EFIMMEZARE DRIASET SRk b iy & 1 B4l
1377 LIz e H 230 A e AR5 | NI AR R 3 S ) 0 o R
WS WH L TRl RE, 2RO TR AN E 5 3545, % I 3%
HKVFANBR IR IR 2, 38 1 X 1 S R PR AN IR R 7 R
FIEL2E 53T, Xiao 2517 & R 90 Flv & (4 i 7E DR A K3k
KA AR AL, FE e R R L T o 5 R 8
('TNFAIP8 ) 7 345 44 bR 95 1R 1) JI65355 4% ( PDR)) B 35 I 2%
AN IMA ZE Ik EIE  TNFAIPS A GE2: 5 1 DR Hopi W) i
B M AL ; Yang 251" 2 30 T DR 20 &0 W1 o g 1fi [
FLAEE AR o R F TR R, 3 AT 58 5 05 PR
PN B2 T R R 5 1Y) A s AL A 56 . Wang 251 38 4 %o 1fi 3¢
UG SR FEAR BT (8] 7 51 A AT R 25 S5 o 288 T
3 A5 00 ) 5 A gk R 0 A S 1) TR AE R AR AR A
LGALS3 \MYH10 1 CPB2 b fiTFI G825 T DR (1 il 45
Wi s 232, Tokarz %m}@ﬁﬂﬁfﬁéﬂmﬁﬁ(l_fﬁ&%‘:
RFRIC, 20 M & B CCRS BHE AN AR BB BE % DR 1 &

F1 HhikiteT DRSETHIER 5T
B3 5 HY PRy K- AIES 5M% Sk
k4 =l TNFAIPS 1 D BB P A 1 Ak [17]
[li84 EH=) BE IR T 2748 R o 1 PRI PN B 2 e P i [18]
k4 R LGALS3 MYH10 Fil CPB2 T MBI AESE [19]
iR HEHB CCR5 1 VEGF K35 B3 K+ [20]
R E IR el IGLL1 . TPI1 .LDHA (ApoB 1 BRI AR | RAE N [21-22]
HEHB ApoM.FCN3 ALDOC SAA2-4 ! I A FS R A s 4 25
IGFALS .HABP2

PRI sl HEIEATRLBEER 2 1 (JUP) 1 PHT Wnt/ B—catenin {553 [23]
ik RNA miR-150-5p ! §[a] ITGA6 5 HIF-1a [25-26]

RNA miR-21-3p 1 P45 HIF- 1o #1 VEGF 33k

RNA miR-30b-5p 1 AR 3E P Bz 230 B 1 8 RS IR 254 T AL
1M RNA miR-431-5p 1 AR T A0 0 B PN 7 240 P ) 1 [27]
12 RNA miRNA-3976 1 RGC-5 A T34 m , [l e/ b T [28]

NFKBI1 fy=E £
L35 RNA miR26b-5p 1 PR D RE RS [29]
MMAELIZ RNA miR-30b i $E 1) SIRTT, fi 26 1 45 A4 1 [30]
BB RNA miR-125a-5p .miR-125b-5p ! PR I AR AT VEGF {5538 % [31]
BB RNA miR-9-3p 1 A 3 T AR N AV D0 S PR B 400 R ) 18 5 [32]
TR A RIE AL
H RNA miR-145-5p . miR-214-3p , 1 DR 1) 48 S5 A 155 T R e st [33]
miR-218-5p .miR-9-5p

i IA RNA IncRNA-MIAT 1 R PG B 1 A8 2 A [34]
13 RNA IncRNA DLX6-AS1 1 P4 p38-MAPK 15238 % [35] 451« Rl B A

RNA IncRNA PRINS ! P TGF-B/Smad {55 f% TEA ] bR i 4
B EEENTT RNA IncRNA LOC100132249 1 B Wit/ B—catenin {55 18 B% [36-37]
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TS B R, R ke U5 B8 A i v A A A B 1 o R A T A 2
AT, AEAT S e 758 R AR A, o 10 A H AE PDR
APy BFEERFR G4 R FIEE A 6 B R IEE N
(1) BRILZ AMNE DR R 0 00 I 5 20 22 F0 DR ik
KRR SN AR T % BLE AR BEER 2 1 (JUP) O3k, It
f FREFE G 25 1) R IBA I AR T R B JUPYY i EL PR S8R )
FE R —FpaAEAR A PRI, T ) 4 R e 32 HOAERE AT
ff o,
2.2 ETFHMibfk RNA B9 DR 2B AMWAAR{LAE DR £
Wrrb A W o, i HLAN IR B 8T iz A AT DL i ek AR
RNA FiKiEAE DR & B REEH ., RNA BRIK K AT
FESE A o 2 2% 14 , 36 1o JHC R A 18 M9 ) A b i ) R
IY R R G R bR G Y, ST DR B AN
WA RNA 3Rk 3% 1928 4k, v LA~ DR I PR 12 B 42 40t
E =

B X T micRNA | Mazzeo %5 % SUBH PR 3248 % 4h
WAV B A X BRI 2.5 %, JFME T 11 s 3
A miRNAs, 7 DR 20 rp miR - 150-5p 5 T miR-
21-3pHl miR-30b-5p FIEMAFHE N, miR-21-3p 7€ DR
o ot R Y HIF - Lo 1 VEGF 22 3k SR 4 #F 1M 45 2E A%, T
miR—30b—5p W EL %4 37F P K2 40 B (%) 3 7% R IR 25 44 T2
B, miR-150-5p 7E DR 83 i iy A FEAT, AT feiE o
] ITGA6 5 HIF -1, AT FE S5 B i A8 A= g r ke 21400 ]
PERI™ ) Yu 2577 % 30 PDR H 3 1L S WA 19 miR -
431-5p FakKFIE e T FRAL ) 2 4%, #EM miR-431-5p
ARES 5 T PDR M & B, Tao 2516 XM AR 1 059 4~
miRNA 23019, ZBLT 18 4~ L IE AN K miRNA , Ho
miRNA-3976 fid B 3K T2 RGC-5 418 T34 i, I
()20 /0 T NFKB1 B FEEE | Zhang %R T 5N K
INBEREASAH ¢ 19 miRNA |, & BUBE PR G H8 25 10 35 AT 4R 10 Ah
WA H miR-26b-5p WA i, Wang %75 i PDR /)y
R &% 38 miR—30b 7640 9 2 40 3238 i, miR-30b
TEAMI AR VR B | A WA A TT BEKE miR —30b 1% 38 45 L I A
TRMLAE N B2 4B ( RMECs ) |, & FEAR JE 148 A BRI AE

X B B ES A B MM micRNA , Agnieszka 55X}
AR miRNA FIATEIEAT T 5T, & B miR—125a—5p Fll
miR—125b-5p 7E PDR [ 35 i () 3k i 25 T, Al fig & Al
i miR—125 SGEAE R 18 A M VEGE {553 i v i
FEAEY, Liu 27 % B PDR H & 3% B A b i 1 i s v
miR-9-3p A9 3K KFTHE , miR-9-3p REAE #E AL A AU
I B P 12 24 L ( hRECs ) F 34 58 3F 7% R4 IR % Bl fig
Miiller Ji¢ JiT 2 4% I R J2 57 3K miR-9-3p [ ME—k
Ui, miR—9-3p RENE Bl 4 7 2 AL I PN B2 41 it , I 5 S1P1
Bt 5 454 0% VEGFR2 MR RR 1L Fi 4k, 2630 K
SEH RTINS TE K, 1 s IBE 257 e T i 45 T RE e
%, sk HOIH A S W K miRNA, Hu H1 B il
iTEARS Z & i /b s I H W E A7 40 A1, ATE IR H Gk 49 8
B L Al B AN AR, KRBT miR-145-5p,
miR-214-3p .miR-218-5p Fl miR-9-5p % miRNA %k
P, EMTTRES 5 T DR K JAE A LS Th BE B A4

%7 miRNA, KAEE 25 RNA (IncRNA) 9 A S
DR RIS WibR G, Li 50Y & Bk A PDR B E B3
FEARYR 4 A AR L IncRNA - MIAT 14 36 35 53 35 14 1
MIAT 7 =55 3 18 N A 55 1L A5 P B2 40 i o i A v
£ JFil i 5 miR-133a-3p AUAHE/E A, A 2> miR -

133a=3p X MMP X1 [0 R A2 3 1 B il 8 A=
B, Ye %555 M % HRAF 58 % B DR 4 AH % T2DM 41
IncRNA DLX6-AS1 3%k, PRINS fik ik, PRINS AJ fig
BT T TCGF-B/Smad {5518 B B Smad7 A4FEEA 3
M0 1) B A 70 R0 SR 5 DLX6 — AS1 T filg il 5o i 7 p38 -
MAPK {5525 DR B &K, X —iE 45 DR 1 &4
R JRARDE, Hu %503 i w8 1 0 % 40 PDR #8253
AR WP A WK B RNA % 3k 7K F, & B IncRNA
LOC100132249 7E MR E 4, H-7F PDR 34 1Y B B 44
Wik F, I e %2 #F HRVECs B934 3T 8% F IR
S5 A, LOC100132249 /E A miRNA -199a—5p FY 35 4+
PP 5 RNA 3 3 B4 Wit/ B - catenin {55 5 18 5% 8 15 4
Bz —[8] 38 R Ak endothelial -mesenchymal transition, EMT)
PEHEER 11 SNATL 1635, I & FEUN I iR Th g pafg ™

Wit A PR F 4 (KEGG ., GEO |, miRcode . miRDB
) AT A B Mt A W b A ) T ok 1 B
. Wang %57 5l i3 GEO BO¥s 4 X e 43 M F 25 09 5 s
£t 22 SRk T REE T SE TR RNA 4%
UIte @ Ak 1 T DR A AEIFR B 15 4 IncRNA,
3 > miRNAs 1 11 > mRNAs , {H 3% 284 Yphr 5 9 fna il
MR RERIE, EARE S A RNA 17 DR A Wkx
YT RS T E K (AR R T B — 2 a5
KL A E R A D 5 0 R R AT R Ao S e A Ak
Pk, BT A bR ) A AR AR A AT LA FR R
A B 7 1 00, R AR 0 20 Jo DI [ ot 0 2 £ 3 B (R
PR ARG HE BT AR A TR YT O 2 1 il e SR LR 2
S
3 1B s i i 1T DR BT R

JUF A 0 4t 0 7= Az A0 b A e FROIR 28 T B9+ 4
i A0 T PSR G 200 i oA T A A0 B AR X DR IR YT AR I 3
AN RE S AE Ay 40 [0] 388 TR R AR 2k M | 5 2 R A 4 7
PEAFFUINER A5 N80T RNA 45 500 52 (4 20 i 1 D g 5 [
BHEATE R HLUBE o83 E Y B bE Jy T 2 A ol
RO, I AT VE A 254 ik R G0, BA R pe S vk f a1k,
AR IT R R B E R Ty, R 2, kR
2024-06 , H [ it AR 38 56 7 M 0 (hittps . //www. chictr. org.
en/ ) FI3E I PRI 56 1 % ( ClinicalTrials. gov) ERE$
B KT BRI HANBIRIE T PRRIRIT WG AR 0 50, 4
S 212 TGA 192 T, A5 4K HR AR AH 56 10 It TR 13 56 4 2 | H
S SRR TR I SEREIFIY H 253 2
3.1 BEFTFAaskiRESNB YT DR BUiETF R #HokikL
FTEPEF B | 1E 8 AR AT T 40 B R R G A b A 32 2
I AL 3 YA P AR B o0 T T R R AR R 4%
Fhopg AR AL, A FE A0 B Al PR T ARE SN T P B A
AL BN R T A AR VR A S B AR — gk
H ABFHE MSC 48 MSC Rl MSC 45, NLRP3 RAE/MA
TE S P HR 9 Hh 43y S Bl A €, ELBOG vl S B0HR 8 B 8 4
B4 S8R S RN BE T, MSC M A ] LA 3 #5747 40
PEVA R F RN NLRP3 4 AE /IMA B 3035 , ik 22 4 4
MR IL-18 F1 IL—18 A P24 %% DR AEIR, Chen
2 R MSC— AN A AT L3 1k 136 2% miR—-22-3p S
il NLRP3 JAE/IMA A9 3806 |, 0l /b T 40 058 o A 58 0 TR 1
K, T2 6% DR,

HERR A2 o R 5 T 00 OB IR BB A B 8 R 7 o
hUCMSCs AN ARG HXF DR J497 . Sun 26 058 & B

237



EfRIRRIZRE 2025F 28 F£25% FE28

http://ies.ijo.cn

E81E :029- 82245172 85205906 B8 F{=#5.:1J0.2000@ 163.com
£2 Sk DRIBFHFR
He U8 B3| RIT YT RES 5% SCHik
MSC-4M A HHB o REVE T R 0 NLRP3 4 AR 305 [43]
(IL-10 TGF-B .PGE2 4)
MSC-4h Ak RNA miR-22-3p P NLRP3 98 i 1A B 3T [44]
hUCMSCs—#h ik o=l NEDD4 513 PTEN Y32 2 10 figk [45]
hUCMSCs—#} A RNA miR—-5068 .miR-10228 $E15] HIF-10/EZH2/PGC- 1o 15558 % [46]
hUCMSCs—4#P A RNA miR-483-5p ) JBR 5 AL AE KR AT [47]
hUCMSCs—#h b4 RNA miR-17-3p #m1A STAT1 [48]
hUCMSCs—#M A RNA miR-30c-5p #U[H PLCG1/NF-«kB %42 [49)]
BMSCs -4 4 RNA SNHG7 Wit miR-34a-5p/XBP1 i@ #&H04] DR H 1) [50]
PR — I 38 B AL AR B IR S5 R 1k
BMSCs— M A RNA miR-483-5p ) e B A AR K [51]
BMSCs—#h i A RNA miR-133b-3p WIEE FBNT 2k [52]
BMSCs—#h A RNA miR-129-5p TR ] FZD4 KA B-catenin {553 I [53]
hPMSCs—#M A sl UBA2 {237 Wnt/B—catenin {5538 F% 0% [54-55]
AT-MSC—-FMp Ak RNA miRNA-192 # 15 ITGAL [56]
NSNS i i) R N0V N = I i} a)EES 1028 A B [58]
TR P RS 22 0 4 e — S A RNA miR-183/96/182 RIS 2T 200 L 14 5 R v [59]
RPE-/MBMA RNA miR-202-5p 41n] TGFBR2 K IHTT TGFB {5538 it [61]

hUCMSC-4MisA{% 33 i NEDD4 figfg 51 PTEN 197z 1k
FREfE, W06 AKT {5 %38 B, I 82 & NRF2 7K, Horp
miR—-5068 F1 miR—10228 # 1] HIF-1a/EZH2/PGC—1a {5
S g J /b HIF- 1o 1 EZH2 B9 363k, I 5 PGC- la
HIZKE PR AP T AL RS Bt B D) g, 08/ T A B s . TR
i L ZE AL R TRk s T hUCMSC-4h a4, o] DL i
a5 KB miR-5068 Fl miR - 10228, 14 5 41 /4 i
B HCR | Xu 217 % 3 hUCMSCs -4 WA 4 RE % s/
W PRI R R D) B g i A 92 T A T R X A JEE B R ¢
IiE ., I RENS I M i T 00 hRMECs H1 Y 2 MR 1=,
AN miR—18b—5p B %6 2 Ay i 3ok ¥ ) 22 4 R G AL B
PR 1 ( MAP3KL) , #4il NF-B p65 B #fR 1k,
ME S DR A 90 R . Li %% % B hUCMSCs - #p
WA T 5T miR—17-3p #L1m) STATL, 3% T DR /MUY
SE N, FE AL 7 , 0 R AE T F1 VEGE & it i 5%
AT, I DR /N BUR L R BRI T, He 251
o ff AR ] RSB43 4T T miR-30c—5p %f DR 1 PLCG1/
NF-«kB @ f2 iR 1EH] . &3 PLCGI 22 miR-30c-5p 1Y
HEEEN , miR-30c-5p BEMEFHIKT PKC/NF-«B i&42
BMSCs—#M A& Y IncRNA -SNHG7 jifi 3 miR-34a—
5p/XBP1 il g4l DR th g EMT FIEIREEFIIE i, o b
Ab PR HRMECs 41 i1 35 77 3B RS fig 1 45 IR TR i fig 7 3
SR MRS 3 F 52 0 HRMECs Hf (0 45 2 58 H F /R 1 36
ik ARHE T EndMT 10048 A2 B, 117 SNHG7 Fl miR —34a-
Sp/XBP1 il i AF X — 2k B PR B T ORI E R
BMSCs fit4: i &1 s K 38 1) 1% 33 SNHG7, fig % 38 &of 45 &
miR-34a-5p FAM ] EndMT™ | Dan % % 3 BMSCs fif 4=
B AN HERT miR—-483-5p RERLHNH] ARPE-19 £ g it I
T, JFa 0 ) g R AEAE K Ok AT DR pak s
BMSCs U5 i /MR H Y miR - 133b-3p 18 1 #11 i FBN1
AN DR Hh A I A RN AR R
Wnt/B— catenin 8 /& DR 7 A9 5 % % =2 —,
BMSCs—#MI A miR—-129—5p HEMS FHLWT b {5 538 5%, 7T fig
238

i A 6] FZD4 AN B~catenin {5 5@ ¢ , AT 7E DR
FHEAEHY . hPMSCs—AM A i #4H UBA2, it i T 1k
5 1 B T R ATRAR A5 T X R ) B A A A ) £
P BRAE W MR AZ I CoCL, 175 5 (R AR U400 3 i 32 450 448 L )
HOFERE ), RS R 2 AR A S B Rk TR 2
T DR AYHEAE B 46 400 AR 00 0 T o P SRR Y
T A0 O JEE S i R I A A AR B AR

AT-MSC VY miRNA—192 i i $[5] ITGA1 3K %E 2%
DR B & &, fEfg I8 % hRMECs 4 48 5E 52 I 26 i,
ANIMA AL PR R T Miiller 240 (038005 , T4 T EBEA S
7 RPE ZHMIASIE T, miR—192 %F DR Hr A A ] 48 9 s 24
M LA AR VR DB AR AE A5 A R A A R T
3.2 E T4 M BE 48 55 40 B Sk R Sh i R 34 DR 893873
T HE S A0 0 5 58 I 40 A 7D e ok 4 i A A e ok
4 i ( Miiller 20 i AT SLIE B B A0 M) o Miiller 4 Jfd 2 AR 1)
FIEL P = 2 0 SR A, 7 L 24 90% /NS T AR AR S B R
I, FES 5 GE TN, 2 RE O ) G PR 8 AR A A
FH B 9 Miiller 20 L2 55 00 W 6149 S0 52 3 2

/NS 5 A4 L AR o I e S ) PN R e BE A, AR
FMRSN LB FEBH | By M2 H5 AR 0 7N B 55 40 I 437 2 1 1 6
AT DAY R 20 R T, f2 2E P B A0 PR 2 B, DA T A2 A0 DR
375 0L 19X I %) L 465 A il /b O8O S ) i A B TR T
Shao A1BAiE 13 ELISA . Western blot . 55 2H Ak A0 A I 45 A=
P 5 TR R S ARG I A A A R 4 E A,
TR D0 2L T2 e o 4 oA VR 1 /i 4k vh 1 A 2 o U
LA Az BT ) B, iy e R % [ BOLHE SR
CNV AR B Ak 40 b A XoF ik 265 37 A= 1l A8 A 400 ot 4
5 B TR L 2 T 52 I 40 Sk VIR A /1 30 R 1 0 A 2410 il 9
DG Y ks BEERT AR A8 Ak ek /D B e 4 L ) iR A OF 1
FEAEH T 078 P9 B2 40, (EUJE: RPE SR U A A1 30 14 78 30 61
CNV J IR B35, v e 5 e 18w 1 0 7l A
O, BOCHYATT AR I P R g Ao e 43 5 35 R VR 1) 1
RS ZMES | Riccardo 2538 1 24 2284 4407, 18
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TN T AERRZIR AT PRSI A 28 0038 o AN A 5 5 Jo 400 fifd
IMJE SN BT AL . BF5E & B, 78 /DN B R BRI — A
RGN, M0 AR miRNA AT L o 40 i 51 3
AL 338 205 TS IO 20 L, 2 7o S e 8 T T 200 L 11%) 98 i S
I, BF5E BRI € T — 241 miRNA ( miR-183/96/182) , &
eI Z 255 Miiller Ji2 J5 40 M 18] 438 47 4 28 4k v e 51
SHEER TRV 20N AL O S A5 475 B R0 | O R A
P a] LIRS Miiller 40 0 w55 40 0 A4 728 T B AR ¢ £ gtk
FEHFILY D Gu % KL RPE 1£ DR s & $E4F 1,
EBEAE R AL PR ARPE - 19 4 i B ikt 4 A0 b A vh 2
B K F ) miR - 202 - 5p, iX Ff' miRNA AE 4% 38 1 40 )
TGFBR2 K 1877 TGFB 15 = 18 H, M\ 1M #1106l P K2 20 it 1)
EMT, 7£ DR 1% B AN i 44 v] DL 3o 380 0% 440 i A ik 45
ARV A 301405 . AN AR IE S #5717 TG TG 20 A4
AR, 51 R AMEGIE T, Fe 2 S 20 A A3 45 AR A2
X —ad BRI T AMA R G AE DR R ERALH A B
PR T 18 5 0 R AMATE R 3G 97 DR M BERE AR,
T EE 2 AN WA T A (4, Saray 4538 i 9 €0 2 PR BE
IR B R 20 AT A R A A T B PN TE H K 5 I 4 4 4 i
o Wnt {5538 6 0 70 AR M i AT TR, KB
[F) e B ) 1 WA A X B 7K 5 1L 41 2L 40 i P Y B — Catenin |
GSK-3b & H % ik . mRNA /K F DA 2 5 i 4 8 6 (A
(MMPs) P AR s ) |t 48 BRRA s 22 8 FH 4
IR AT S 56 5 VAT AR R 0 A T B 1R 22 A 2 R A
WMARCR 2R (GRla: HRBE SRIEANSS) |
3.3 IMBEHE RS TE DRIBITHMISE AR IMNBAR
{EAT DL Rk Ml DR EAE 7 ELiA o7 LAGE i A s A
AT R BB E R RO IR YT VE . AN A LLUHL A W) 4H
ZEME  RARE 1) 1 K - A ) 5 1 38 PR S 0 Bk Ol
AT 25k ik A P EE T VR AsE s AR T R SRR A
WMARSEA TR, 3 S48 i T B Al S A B A% B8 v S5 A Ry
R B v 25 ) A W ) RE R Y AR TR] s e
WEERRITEA

Shivakumar 854 U1 A BR 2P 2% 3% 2] MSC-Exos H -1t
TTEEST, Z B0 DR 5570 525 B AL B VEGE 7K R A,
IS5 T T P 200 i 280 B D 2> | L3 e 3 R o 62 i [ R o
2 mo, K T HA I Z5F ] 1 mo' ™, AMILAAE Ry 259 3%
PRTT LAV IR YT DR IS v S AR SR AR SE B IR 7 3L
e IF AT B /D 5 A B A JE AU IE KR, Dong %5 i
T F A 58 K (CPOS ) K BT ML 48 A= K ( KV L) 3 B 5] N
B A AT AR B AN A | B EXOK VI, & B EXOKV11
30 R O T 7 S T AR A% 3 B DRSS 7R A R i
& EXOKVIL H B i KV 5T A7 450 s 300 i 37 A= 1l 45 2
BRI ARG o AN B2 45 2 1T RE SRR Hh sk, sl it
R ALY, A RIS B IR YT 10 70 Wb 1% 1T Be 7 2208 AN
] (4326 2% 22 8 AN FE R DRI HR G VAT T RE T B — A
s RN R s A 32 2R G0 A 2 i3 i AR FE H A 2H 4L (4 1
IR RGN IARAE IR S D B AT AR 1
IS A T PR SN IMA AR 6 AT R, IR AR I R Rz
PRI 2R KE . Mathew 1A $5 1586 MSC-4M A it 47
POEHMCIT , PRI R BB B AR N 7 58,1 d JE e B s Ak
DGR BEIAF (Y, 7E R 2 2.5 d J5 NI ES IR Th WE 14
7 dJi /INEE T A A e iR B T8 B (A, 14 d I 400 o 5 fof 25
WA G FE IR BN I T 28 d S5 AT I, 8 g B
BRI S A A, AT LA Ak i 3 A48 7 RIS i | B R e A T A

PE R GERIIG BR , TEAL R BB B35 )7 R oA
4 INES

il AN DR HEAT 12 8 5 R T B BESE O 2 U
TR A2 W, SN R A R E A2 B AR AR T L
VRN RS K B A E A5 b, A B T S0 A0 I DR Y
PERE . AT b SIS i A R E 1 AR 1, BEAS L
Peu Rl R WA A HIL AR 5 [Tk SN A g 25496 2% A
Gel R B R T, BERSHS 1R R0 1 # 1 18 1) 22
A, D B BRIT AR RA YRR . TR PR B A R
BRI A (SN B B 7330 B2 A B0 A 4 2 TR 20 5
AREE) MR AR A BT BRI YT O 7 A A B R
T RSN AR B S S PR AN S REPEAIT 52 A T AR I 7
T PR R

SR M AT N PR 5 1 v T e ) 0k 5 2 A A R
P LA ZE Ak, SIS AL I PR T TR I F 22 36
A, ARG E M B ) M e A PR A ), AN AR TE RN
AR PRASE TR HAE O 25 1 i ik 4R i AL . AR
SE LS B AT 25 0F ] T BE R pH R 25 DR R
T LR B AR BREAF A BRI AR A | 3o A 2 A8 Wi v 34 i
HNIARBORGSE R o A PR Y 1 SR 1 A i o e 3 T Y
P A 5 R 5 40 0 52 K 1 A ELAE T S0, O T i B
P, A TR 5 20 S R AT I A, LS S EH
B ERHE T SN AR A 22 A P 458 JHG A ) R 2 1 A A 2 Dt
Yot TAMBAEANAE [ AR, BT W B RAF A
WIAHERE . SR, AR B vl BB 2 DR L1 9 2 1 o
R TR . T AR S e I, = B T VE T Y
SN | LA 308 1o 39 R S DA AR H ) S 8 S oo b B
PERNL, SMIMATE DR G P 9 BT SRR T 1, A
AT TR JEE DA R SR T 4 T ) 360 T SR s R 245 g B A3 1 e s
AT, AR BTN Ak SR R AR BRI T B9 T,
LA e v i BRAT PR, S BLIR R L AL

P 28 M SR A B A ORI £ 1R 28

1E& TTmk A B . S A0 SRB S 5B U, IR RS R
i /N A DAESTIRIG R BE i E a8 =18
B B BT AR BT R R e 2 R SOAR
SEHk

[1] Wang W, Lo ACY. Diabetic retinopathy: pathophysiology and
treatments. Int J Mol Sci, 2018,19(6) :1816.

[2] Raposo G, Stoorvogel W. Extracellular vesicles: exosomes,
microvesicles, and friends. J Cell Biol, 2013,200(4) :373-383.

[3] Kalluri R, LeBleu VS. The biology, function, and biomedical
applications of exosomes. Science, 2020,367(6478) :eaau6977.

(4] AR, FAH, 20, 4. RIS 4 A
fie. EPRZGFMFAE, 2019,46(6) :411-417.

[5] Yang QW, Diamond MP, Al-Hendy A. The emerging role of
extracellular vesicle—derived miRNAs: implication in cancer progression
and stem cell related diseases. J Clin Epigenet, 2016,2(1) :13.

[6] Samanta S, Rajasingh S, Drosos N, et al. Exosomes: new molecular
targets of diseases. Acta Pharmacol Sin, 2018,39(4) :501-513.

[7] Colombo M, Raposo G, Théry C. Biogenesis, secretion, and
intercellular interactions of exosomes and other extracellular vesicles.
Annu Rev Cell Dev Biol, 2014,30,255-289.

[8] Lewis TR, Phan S, Kim KY, et al. Microvesicle release from inner
segments of healthy photoreceptors is a conserved phenomenon in

mammalian species. Dis Model Mech, 2022,15(12) ;:dmm049871.

239



ERIRRIZAE 202528 EF25% 2 F28H
B335 : 029- 82245172 85205906

http://ies.ijo.cn
BB {578:10.2000@ 163.com

[9] Moleirinho MG, Silva RJS, Alves PM, et al. Current challenges in
biotherapeutic particles manufacturing. Expert Opin Biol Ther, 2020,20
(5) :451-465.

[10] DuJ, Yuan C, Wang W], et al. Aptasensor—enabled quantitative
analysis of nano—sized extracellular vesicles by flow cytometry. Analyst,
2020,145(23) :7551-7558.

[11] Zeng L, Hu S, Chen X, et al. Extraction of small extracellular
vesicles by label —free and biocompatible on—chip magnetic separation.
Lab Chip, 2022,22(13) :2476-2488.

[12] Pan YJ, Chen TC, Zhang QW , et al. Highly selective purification
of plasma extracellular vesicles using titanium dioxide microparticles for
depicting the metabolic signatures of diabetic retinopathy. Anal Chem,
2022,94(41) :14099-14108.

[13] Mori K, Hirase M, Morishige T, et al. A pretreatment — free,
polymer—based platform prepared by molecular imprinting and post —
imprinting modifications for sensing intact exosomes. Angew Chem Int
Ed, 2019,58(6) :1612-1615.

[14] Katome T, Namekata K, Mitamura Y, et al. Expression of
intraocular peroxisome proliferator—activated receptor gamma in patients
with proliferative diabetic retinopathy. J Diabetes Complications, 2015,29
(2):275-281.

[15] Klingeborn M, Skiba NP, Stamer WD, et al. Isolation of retinal
exosome biomarkers from blood by targeted immunocapture. Adv Exp Med
Biol, 2019,1185.:21-25.

[16] Dismuke WM, Challa P, Navarro I, et al. Human aqueous humor
exosomes. Exp Eye Res, 2015,132.73-77.

[17] Xiao J, Zhang H, Yang FH, et al. Proteomic analysis of plasma
sEVs reveals that TNFAIP8 is a new biomarker of cell proliferation in
diabetic retinopathy. J Proteome Res, 2021,20(3) :1770-1782.

[18] Yang J, Liu DW, Liu ZS. Integration of metabolomics and
proteomics in exploring the endothelial dysfunction mechanism induced by
serum exosomes from diabetic retinopathy and diabetic nephropathy
patients. Front Endocrinol, 2022,13.830466.

[19] Wang SY, Xia KF, Zhu XX, et al. Separation of high — purity
plasma extracellular vesicles for investigating proteomic signatures in
diabetic retinopathy. J Chromatogr A, 2024 ,1718.464700.

[20] Tokarz A, Konkolewska M, Kuénierz—Cabala B, et al. Retinopathy
severity correlates with RANTES concentrations and CCR 5 — positive
microvesicles in diabetes. Folia Med Cracov, 2019,59(3) :95-112.
[21] Wang JW, Wang ZZ, Zhang Y, et al. Proteomic analysis of vitreal
exosomes in patients with proliferative diabetic retinopathy. Eye, 2023,37
(10) :2061-2068.

[22] Gandhi J, Sushma MV, Rengan AK, et al. Proteomic profiling of
exosomes in a mouse model of Candida albicans endophthalmitis. Exp
Cell Res, 2022,417(2) :113222.

[23] Mighty J, Rubio—Navarro A, Shi C, et al. Extracellular vesicles of
human diabetic retinopathy retinal tissue and urine of diabetic retinopathy
patients are enriched for the junction plakoglo Bin protein. Front
Endocrinol, 2022,13.1077644.

[24] Martins B, Amorim M, Reis F, et al. Extracellular vesicles and
microRNA; putative role in diagnosis and treatment of diabetic
retinopathy. Antioxidants, 2020,9(8) .705.

[25] Mazzeo A, Beltramo E, Lopatina T, et al. Molecular and functional
characterization of circulating extracellular vesicles from diabetic patients
with and without retinopathy and healthy subjects. Exp Eye Res, 2018,
176.:69-77.

[26] Mazzeo A, Lopatina T, Gai C, et al. Functional analysis of miR—
21-3p, miR-30b-5p and miR - 150 = 5p shuttled by extracellular
vesicles from diabetic subjects reveals their association with diabetic
retinopathy. Exp Eye Res, 2019,184.56-63.

240

[27] Yu B, Xiao MR, Yang FH, et al. MicroRNA - 431 - 5p
encapsulated in serum extracellular vesicles as a biomarker for
proliferative diabetic retinopathy. Int J Biochem Cell Biol, 2021,
135.105975.

[28] Yang ST, Zhang JY, Zeng TS, et al. Role of circulating exosomal
miRNA-3976 in early diabetic retinopathy. Int J Nanomedicine, 2023,
18:3695-3709.

[29] Zhang YR, Wei J, Zhang L, et al. Extracellular vesicle—derived
miR—-26b - 5p is up —regulated in the serum of patients with diabetic
retinopathy. Comb Chem High Throughput Screen, 2022, 25 (5):
877-882.

[30] Wang P, Li CQ, Deng YJ, et al. Effect of plasma — derived
extracellular vesicles on angiogenesis and the ensuing proliferative
diabetic retinopathy through a miR-30b-dependent mechanism. Diabetol
Metab Syndr, 2022,14(1) .188.

[31] Kot A, Kaczmarek R. Exosomal miRNA profiling in vitreous humor
in proliferative diabetic retinopathy. Cells, 2022,12(1) :123.

[32] Liu Y, Yang Q, Fu HX, et al. MiillerGlia—derived exosomal miR—
9-3p promotes angiogenesis by restricting sphingosine — 1 — phosphate
receptor SIP| in diabetic retinopathy. Mol Ther Nucleic Acids, 2022,27.
491-504.

[33] Hu L, Zhang T, Ma HX, et al. Discovering the secret of diseases
by incorporated tear exosomes analysis vie rapid — isolation system:
iTEARS. ACS Nano, 2022,16(8) :11720-11732.

[34] Li XS, Cao QC, Xu CL, et al. Exosomal IncRNA-MIAT promotes
neovascularization via the miR - 133a - 3p/MMP - X1 axis in diabetic
retinopathy. Exp Eye Res, 2024,243.109912.

[35] Ye QQ, Li L, Shao ZJ, et al. Association between IncRNAs in
plasma exosomes and diabetic retinopathy. Front Endocrinol, 2022,
13.:987488.

[36] Hu ZZ, Wang JF, Pan T, et al. The exosome—transmitted IncRNA
LOC100132249 induces endothelial dysfunction in diabetic retinopathy.
Diabetes, 2023,72(9) :1307-1319.

[37] Li X, Wang J, Qian H, et al. Serum exosomal circular RNA
expression profile and regulative role in proliferative diabetic retinopathy.
Front Genet, 2021,12.719312.

[38] Wang T, Cheng MY, Shan MY, et al. Construction of a
competitive endogenous RNA network related to exosomes in diabetic
retinopathy. Comb Chem High Throughput Screen, 2023, 26 (3):
576-588.

[39] Niu SR, Hu JM, Lin S, et al. Research progress on exosomes/
microRNAs in the treatment of diabetic retinopathy. Front Endocrinol,
2022,13.:935244.

[40] Beltramo E, Lopatina T, Berrone E, et al. Extracellular vesicles
derived from mesenchymal stem cells induce features of diabetic
retinopathy in vitro. Acta Diabetol, 2014,51(6) :1055-1064.

[41] Mazzeo A, Beltramo E, Tavello A, et al. Molecular mechanisms of
extracellular vesicle — induced vessel destabilization in diabetic
retinopathy. Acta Diabetol, 2015,52(6) :1113-1119.

[42] Kim H, Goh YS, Park SE, et al. Preventive effects of exosome—
rich conditioned medium from amniotic membrane—derived mesenchymal
stem cells for diabetic retinopathy in rats. Transl Vis Sei Technol, 2023,
12(8) :18.

[43 ] Harrell CR, Djonov V, Antonijevic A, et al. NLRP3
inflammasome as a potentially new therapeutic target of mesenchymal
stem cells and their exosomes in the treatment of inflammatory eye
diseases. Cells, 2023,12(18) .2327.

[44] Chen YQ, Yao GH, Tong J, et al. MSC — derived small



Int Eye Sci, Vol.25, No.2 Feb. 2025 http .//ies.ijo.cn
Tel.029-82245172 85205906 Email:1JO.2000@ 163.com

extracellular vesicles alleviate diabetic retinopathy by delivering miR -
22-3p to inhibit NLRP3 inflammasome activation. Stem Cells, 2024 ,42
(1):64-75.

[45] Sun FT, Sun YT, Zhu JY, et al. Mesenchymal stem cells—derived
small extracellular vesicles alleviate diabetic retinopathy by delivering
NEDD4. Stem Cell Res Ther, 2022,13(1) :293.

[46] Sun FT, Sun YT, Wang XL, et al. Engineered mesenchymal stem
cell-derived small extracellular vesicles for diabetic retinopathy therapy
through HIF - 1a/EZH2/PGC - 1o pathway. Bioact Mater, 2024, 33
444-459.

[47] Xu ZP, Tian N, Li ST, et al. Extracellular vesicles secreted from
mesenchymal stem cells exert anti — apoptotic and anti — inflammatory
effects via transmitting microRNA—18b in rats with diabetic retinopathy.
Int Immunopharmacol, 2021,101( Pt B) :108234.

[48] Li W, Jin LY, Cui YB, et al. Human umbilical cord mesenchymal
stem cells—derived exosomal microRNA-17-3p ameliorates inflammatory
reaction and antioxidant injury of mice with diabetic retinopathy via
targeting STAT1. Int Immunopharmacol, 2021,90.107010.

[49] He Y, Zhang ZR, Yao TY, et al. Extracellular vesicles derived
from human umbilical cord mesenchymal stem cells relieves diabetic
retinopathy through a microRNA — 30c — 5p — dependent mechanism.
Diabetes Res Clin Pract, 2022,190.109861.

[50] Cao X, Xue LD, Di Y, et al. MSC —derived exosomal IncRNA
SNHG7 suppresses endothelial — mesenchymal transition and tube
formation in diabetic retinopathy via miR-34a-5p/XBP1 axis. Life Sci,
2021,272.119232.

[51] Cao D, Zhou L, Hu R. Exosomes derived from BMSCs alleviates
high glucose—induced diabetic retinopathy via carrying miR—-483-5p. J
Biochem Mol Toxicol, 2024,38(1) :e23616.

[52] Liang GH, Qin ZL, Luo YN, et al. Exosomal microRNA-133b-3p
from bone marrow mesenchymal stem cells inhibits angiogenesis and
oxidative stress via FBN1 repression in diabetic retinopathy. Gene Ther,
2022,29(12) :710-719.

[53] Ebrahim N, El-Halim HEA, Helal OK, et al. Effect of bone
marrow mesenchymal stem cells—derived exosomes on diabetes—induced
retinal injury: implication of Wnt/b — catenin signaling pathway.
Biomedecine Pharmacother, 2022 ,154.113554.

[54] Koh K, Park M, Bae ES, et al. UBA2 activates Wnt/[3 —catenin
signaling pathway during protection of R28 retinal precursor cells from
hypoxia by extracellular vesicles derived from placental mesenchymal
stem cells. Stem Cell Res Ther, 2020,11(1) :428.

[55] Fabiola Singaretti De Oliveira, Abuna RPF, Oliveira FS, et al.
The Wnt/B - catenin signaling pathway is regulated by titanium with

nanotopography to induce osteoblast differentiation. Colloids and surfaces

B: Biointerfaces, 2019, 184;110513.

[56] Gu C, Zhang HJ, Gao Y. Adipose mesenchymal stem cells —
secreted extracellular vesicles containing microRNA-192 delays diabetic
retinopathy by targeting ITGAl. J Cell Physiol, 2021, 236 (7).
5036-5051.

[57] Wang XX, Xu CL, Bian CX, et al. M2 microglia — derived
exosomes promote vascular remodeling in diabetic retinopathy. J
Nanobiotechnology , 2024 ,22( 1) ;56.

[ 58] Hajrasouliha AR, Jiang GM, Lu QX, et al. Exosomes from retinal
astrocytes contain antiangiogenic components that inhibit laser —induced
choroidal neovascularization. J Biol Chem, 2013, 288 ( 39) . 28058 -
28067.

[59] Cioanca AV, Wooff Y, Aggio — Bruce R, et al. Multiomic
integration reveals neuronal — extracellular vesicle coordination of gliotic
responses in degeneration. J Extracell Vesicles, 2023,12(12) ;e12393.
[60] Carapia AK, Martinez — Colin EJ, Segura — Villalobos D, et al.
Miiller Glia to Miiller Glia extracellular vesicle — dependent signaling
induces multipotency genes Nestin and 1in28 expression in response to N—
methyl = D — aspartate ( NMDA ) exposure. ASN Neuro, 2023,
15:17590914231183272.

[61] Gu S, Liu YX, Zou J, et al. Retinal pigment epithelial cells
secrete miR—202-5p—containing exosomes to protect against proliferative
diabetic retinopathy. Exp Eye Res, 2020,201;108271.

[62] Huang C, Fisher KP, Hammer SS, et al. Plasma exosomes
contribute to microvascular damage in diabetic retinopathy by activating
the classical complement pathway. Diabetes, 2018,67(8) :1639-1649.
[63] Tabak S, Schreiber — Avissar S, Beit — Yannai E. Extracellular
vesicles have variable dose—dependent effects on cultured draining cells
in the eye. J Cell Mol Med, 2018,22(3) :1992-2000.

[64] Reddy SK, Ballal AR, Shailaja S, et al. Small extracellular vesicle—
loaded bevacizumab reduces the frequency of intravitreal injection
required for diabetic retinopathy. Theranostics, 2023, 13 (7).2241 -
2255.

[65] Dong X, Lei Y, Yu ZY, et al. Exosome—mediated delivery of an
anti — anglogenic peptide inhibits pathological retinal angiogenesis.
Theranostics, 2021,11(11) :5107-5126.

[66] Umar AK. Stem cell’s secretome delivery systems. Adv Pharm Bull,
2023,13(2) .244-258.

[67] Leung KS, Shirazi S, Cooper LF, et al. Biomaterials and
extracellular vesicle delivery: current status, applications and challenges.
Cells, 2022,11(18) :2851.

[68] Mathew B, Torres LA, Gamboa Acha L, et al. Uptake and
distribution of administered bone marrow mesenchymal stem cell

extracellular vesicles in retina. Cells, 2021,10(4) :730.

241



