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Research progress of exosomes in eye diseases
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Abstract

Exosomes are nanoscale vesicles with a diameter of 30 nm to 150 nm, which are composed of lipid bilayers, proteins,
and genetic material. Almost all types of cells in the human body can secrete exosomes. They play key roles in cellular
communication, immune regulation, inflammatory responses and neovascularization. At present, exosomes have been
widely studied in tumors, cardiovascular and urinary systems. In recent years, the role of exosomes in eye diseases
has attracted more and more attention. The exosomes play an important role in the occurrence and development of
common eye diseases such as keratopathy, age-related macular disease, diabetic retinopathy, glaucoma, etc. Currently it

is a hot topic that the therapeutic potential of extracellular vesicles derived from different mesenchymal stem cells in eye
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diseases. The exosomes derived from mesenchymal stem cells have anti-inflammatory, anti apoptotic, neuroprotective

and tissue repairing effects, which are similar to those of mesenchymal stem cells. Thus, exosomes may be a novel

direction of research in the treatment of many eye diseases without cell therapy. Further understanding of the biological

characteristics of exosomes and the latest research progress of exosomes in common eye diseases will provide reference

for the pathogenesis and prevention strategies of related eye diseases.
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AP IAA (exosome) S HI A 1 1A P 22 il 245 780 1) 448
JHL 53 5 ) 240 L A0 B 22— A P Y 22 R v A
(multivesicular bodies, MVB) 5 4l it i il & J5 L 41531
P AR A A, EARZ30~150 nm. 19834F
W5 TR - L ZL A0 i 40 i 15 5 B0 rh 4 s
— R, RIS SRR . A 2
BREETE Y, (L AN ME S AR A R,
S BN EASL /Y NS TS N ) e (R 1)
BRI LG B A R AR rh SR I B A AR, S 5 40
WAE . AHMERS . A AR . ARORE SN A R IR Y
SR AR UTAESR, MORMZ RIS R, SNBA
AMUE S . IR . LR & Wbl
il B UIAHOG , 3 AR ey 112 Wy AR 7 b 4%
BEEH] o A SCERIR T AN A 1) A 2 R R AR
HRABHEE A H AR DG SR .

1 SMBER £ F T

1.1 MR & 5 Ih 8

2N I A1 3E T (extracellular vesicles,EVs) & T A
A9 B BT B2 1R 40 b 25 4 1 SRR, AR 4l P
AT AL O RN D B REYE R R 4y =
WA, AR (EH#£30~150 nm) . i (#2100~
1 000 nm) FIJH T /MA (EHF#100~5 000 nm)™ ., #hUA
IEEVsHY e /NI ARY, Ho - WU T o M2 AR
DTN, RERMERIEIMR, R 2 ek
FERIERAEAES . T Lk =% 2 e iy B AL 2
WRZHAAEES, LRGSR ZDEE AT
BB e AR, MOk Z RO e TIE R —
17T A IR Y AR T O S AR L D AN
WERRBE 22 E M) 4H 0, [t & Z R E P ™, A
WA RS A LA AR 2 D Re b R A AR,

40 VY YR 5 B8 11 (CD9 . CD63. CD81, CD82).
T M (flotillin) . JHHETE 9 (annexins) . BEHREH
(integrin) o bR TR AN, AV R E R
T RE 0 T A IR AFAE T AMMMA I b, 1] i #ifR
324K FTHSP70, HSP9OMIRab GTPAFES, IT4EHk,
A WA A AL B (1% 388 44 40 JoT 7 40 A [ 308 4 R 48 G ) 5t
ey g b AR 2 8] T )z e, Hidr,
JE 4 A RNA AN /NRNA (microRNA,miRNA) . K4
ﬂFéﬁﬁ%RNA(Iong non-coding RNA,IncRNA)%‘HﬂQU‘(
RNA (circular RNA,circRNA), TEVFZEIRIEL . K
J s R R T AR

1.2 SRR A 2

VAL N /i R O LA AP A SRR U A E AR U
JIC A P G 0 D A A A 1) N L R A MR
(intraluminal vesicles,ILV), I Ak HMVB., ZEMVB
SN G S, IDVERE R 4 A ME M IAAS
S WA A FE G o MR R ok i S G iR R
Ao WIRE Rt ic B 6 H 22000 8 H R
R, BT DN IR 2 0 L 30 ) e BE LR SF Y LA
MR H (VPS4 VTALFIALIXER ) 425042 &
1A (ESCRT-0, ESCRT- 1 . ESCRT- Il HIESCRT-I)""
R N P A A4 R 2 B B T LA R AN IRA 4
FEGEANM . R AR L IR PN R A . R 2R ST A
JHE N 8] 78 )57 T 21 Y (mesenchymal stem cells, MSCs) %5
WL AN R 4 Z . B RTE AR Z B
PR S ) oy B A BN M A

2 SMMETERRRHER AR LT 5

2.1 IREREFEXHAR
ITAER,  MSCsR B ZM A (MSCs-exo) 7E HE
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PRIRTT AT 1 2 BIWT 5 F G . MSCsJ2 2 4
THIRZMZRE T4, "] N2 Fh 5 4R 15 1Y H 4L
e, BIaERE . BRI . BRI EHIMSCsHIA N
I H A A A R ) A0 2 B 4R HAR 1B S Y
VEFIM. SR, MR AYIEHE 2 ITMS CsHY 55 431
INRETEI DB S b R E A E ], MSCs-exos H55 4>
W EZY T, BA SMSCsHIPLR . BT,
HLUBKE | LA I e VT R
2.1.1 AR

RS 72 g5 i DL ) Ff AR 0, A TS5 ]
MM, B EE RS B . AL, B
T T8 A Ay £ IR e 252 Wl R g o R 3 71 7 3 5
TR R UL, Mk — BB S AL ) 1Y J7 1k 2 AT AR RS
L, A RS R U5 1) i B LA K B LIS T RE S | Y AR
PEHE TR AT 9K 2 0 IS 00006 9 T i 1) R R . A
R, NE MR IEAIMSCs U FM A (adipose-derived
stem cells-derived exosome,ADSC-exo) . # 1L 17F f IF 5t
o 240 JH 14 18 58 - 81 £ 5 v i 5 48 J AR T (matrix
metalloproteinase, MMP) Fll Jii¢ J5i £ 11 LA 55 9 2] fifg & h ik
J5t (extracellular matrix, ECM), ADSC-exo43 ¢ miR-
19a 1 il [7] 5 3k AR B AE FH 2 1 3% 2 (homeodomain
interacting protein kinase 2,HIPK2) ik, MMl H
TR A A K - B (transforming growth factor-
B, TGF- B )/Smad3FipS3il i, FEET4EMA AR
Py FIR AR, DT ) 7 KL S5 4 i 1) JUL G 2T 4
AIRAEEART ARSI A 5S40 (corneal
stromal stem cell,CSSC) FJ L H 5 MSCsHI B H5
PE. CSSCHRIEMZMBAR AT LI miRNAKE B2 2] 15 |-
B AL A L BN, /D 2T AEA B PR Col3a1 1
Acta2 3Rk, BHIETHH MR A i, DATTIR /D B
FAR 01 G TR A DL SRR T AN AR TR
YT FIELF SRR )5 T A TEAE T . B0, Tang
KT —Fh3E T4 5 2 58 T4 ] 78 5t 141 il (induced
pluripotent stem cell-derived mesenchymal stem cells,iPSC-
MSCs)TiTAE I AMIMA S A BUKEE A5 & 18 i, L
/0 £ PR IROE O s G i . AR B I ]
THNBIR B B, MSCs-exo 1] A3 &L 57 51 1 I I
BeFFETRRB AL, T IR A IR B b i I i Y
mRNAZKIE, I/ AN ERECMB TR, I £ 5
TIRIE I I BOR AT H T4 Fh M B IR 77, B
AT RE AR
212 A JRASHHEFF R

B S RO R, (RS AR 5 HE SR B g
AT RESFECTF AR, CO4 TR 4 . 40 T

CD8+T 4t FI BAN I 2 5 A RS A HE R SO
Jia % POULE £ RS A HE R AR R B IR o
(bone marrow)ﬂé?ﬁE‘JMSCSE‘]ﬂ‘?‘ﬂ‘ﬁi(BM—MSCs-exo) s
AP a0 E R A 2 (interleukin, IL)-10/
ﬂtﬁ%(interferon,IFN)- v K, FIREIIL-17/KF, 3
FEThANME sk, 0 CD4™ T ik B 40 i) e 2k D R I
JHTreg, IEK ARSI AFIERT ] . BRMSCsAl, Treg
AT 38 2 BRI v BE E VSTl CD 8 4 i B PR T 40 i
AF S RS R e it 22 21 ok 1 A it 2 iR 4 i
(immature dendritic cellimDC) F MBS B miR-682
R URICDA Tk T 20 A A 7% Rho DI T 8558 2 11
JiF2(Rho Associated Coiled Coil Containing Protein Kinase
2,ROCK2)FEN i i Treg b, 153/ NRAS AL Y
e 327, FIHEN , TregulimD CAyak i Fh i A
JRR] REVS AR AR A RO A2 52, (H R WIS
2.1.3 BAHMIIE LR

A YIBT1E 3295 (graft versus-host disease, GVHD)
S BE DR i T A0 MRS ARG A AR B — R, IR ER
GVHD FE E MR . Carrasco: ™ 1E /N GVHDAR A
SEIEF RS ABM-MSCs-exo, 454 % BLBM-MSCs-exo
AU/ CD3 TR LA . Pax6Ry ik, A RUBERHR
PRGVHD I MBS REFBRIR L o 3N WF 9T 30
BM-MSCs-exo 1] LI Th1 7240 -5 S Treg, 1RAF5H
JEVGIHETANAL, AT 45 5 GVHD /N B A7 6 R IRk
IR 5
2.1.4 BRFRE

MR A 2 v TH B AR S R A 5 R B IR e 45 3
MR R SAE 5 052 Hom BRALH 2 — . #F9E8 R A
i 160] 70 5 4 A SR 5 Y A A (hUC-MS Cs-exo) T 55
PRI TTGE-B | IL-10%5 (9235, MR AL 540
e RBE R F- (tumor necrosis factor, INF)- o . IL-1 A%
Fik, RSN A A A B g P M2 R A
b, VR R T AR AR RS R A 0, IR TR A
HIFERR 5 A Wang % 7R A FL A B4 S/
SRR T B AE AR R & B, ADSC-exo AT LA 1 241 Ffd ]
T2, WKIL-18 . IL-6. IL-1 o . IFN-~y FITNE- o [
K, BEIP R ANME R FIL-1089 7K. [RIEE, ADSC-
Exo A i FENLRP3 4 M/ IMA T K caspase-1., IL-1B Fll
IL-18# L3, MM AR AT .

2.2 RIREFEXTR
22,1 FbAR R BT

PRI A 7 A OGP ¥ B AR M (age-related macular
degeneration,AMD)E‘Eg%Hﬂ?*ﬂ@ﬂﬁ@%iﬁém



SNBATEIRBLR P rIBE e BE . WITapE, 4%

475

i (retinal pigment epithelium,RPE)/)Z T #4& [
5 Rg Wi B, HEE A RPET AR Py R 37 355 FEE P 5
HHy, EHEBTEEEE TGO TR FEE R,
AWFIEE KB, BHEIEPE i 40 M 2 1 o Y AR AE
55 AN AMA S 1 AL AR IE A AR, I RPEA
AT REAKSE SN AR i AN R Y, 2 5 B R
IE Bt AR 2L e Ah, SRR R A B JE AMD Y
KRN E 2 — . ArocaZE IS K B, RPE
2 it 23 7E AR N R B 5 R 2 i I AA
AT T RPEAN M I Bk i AN IMA R B, &
P R o Ak B LA N B AR K P (vascular
endothelial growth factor,VEGF)%Mgo WA, W
NS B A S UM 5 A N B A AR R R, R
PRIMLAE PN B 240 T ) B e AR B I R T T Dk 4%
JEHT 4 M4 (choroidal neovascularization,CNV) [
JE W] BE S 808 ik AMD, T DL 7Y 45 S & %
BLHI AT BE 575 P AMDYR Bl FEAH G . He %5 P07
PR Hh 32 5 M2 FhU C-MS Cs-exo AJ LA T 52 £ 5 5%
B RPEAMIVEGFRY L, [AlI s/ DO CH 0 5
KELCNVEIE G, DT 0 0 B A i3 . BTt
MSCs-exo F] fig /2RI B I HEAMD A R T H.
2.2.2 B IRIRAL P IR JAm B

W PRI 18 I 955 722 (diabetic retinopathy,DR) & AT
ANBEN ELRHEZ—, 20048 2 H a2 oo F
JIE L A AT PR IR AR BT 5 EE A9 o 9k B PR s
H OB f AR P DU AT BE F5XDR. Huang %™
Kl 7 DREEE W MIRFEA, K IDREH M Er S
A WM IR R AMA BRI 2, 2 MR R Bk
P00 G b, T | A P BRI L A 2 s
UHE PR R AN KA JAE L PR AN LS A B A0 i
TERIEREL T RREY, YRS )5
AN A A I 4 20 i (R G B 53~ 1 (intercellular cell
adhesion molecule-1,ICAM-1)ZFRIAMEZL | N 2 41 i gl it
— DU, RIHRIPUE, RN L PR A 2 A A%
FEAT T, DA AR A8 R AE . WFFERB, RNk
P 2 (streptozotocin,STZ) 175 F DRI A Hp | 5B 7
S B8 B B A I T S AD S C-exo B 1T LA R 7% AL 1) i
AFPER, Zhang % R RS TR R SR P R Rk
miR-126AhUC-MSCs-exo-5 ALK IR N Bz 2011 . (human
retinal endothelial cells,HREC)J‘ffﬁrﬁiﬁ MEREFR, 5%
lﬁﬂ\?ﬁ%&tﬁ‘[u?ﬁ]caspase-l\ IL-1bFIIL-18F 7K, BH
D E A EE N HRECHY 4T U
2.2.3 AL KL 5

A0 P S5 B3 (retinal detachment,RD) 2% WL AYHR

JRPEH, TRMMBER M b RS 0E R ZE
B, MaZ5E Pk I MEMESD R B, LIRS R T 5 1915
B 1 A S RDA AL, 7E AL 00 JI5E 4 15 I BM-MS Cs-
exoF AT BN BT, A9 HORF RO . 45 R
BM-MSCs-exo N T TNF- a FIIL-1 B 7K K JH T4
KA B caspase-81Y7K -, I 2437 4 40 AL 1)
T, [FIEF, WF5EE X TMSCs-exo 4T 1Y 4 1 R gk 4T
Wb, R ER193NEATIANEAEA
PoR M, efs S 2 28 OR 35 RN 92 fifk A0 L R T AR
Mo P, MSCs-exo By b HXTRD 55 74 40 99 5 43
iR TER, JERD A — P 7E S Bl iRy B .
224 F 7 )LALM IR &

B J LA I 7% (retinopathy of prematurity,ROP)
SR LA A Ah B A0 0 R T & A 2 A i A e 1
AL R, Bl ERAERI LI, R
RO L BRI/ S BT A4 R U i A A AR AE
ROP P HA MR E R . XuED 06 AR IR 7 AR/ RUE
TrEM s a7 A IEMEROPEI A (oxygen-induced
retinopathy,OIR), %% 5% & 3L/ I 40 i >Fe T A 1A
TE TR VEGE mRNA, B I VEGEZ A,
TARNAZ BT B, /INBE 4 B A bR v 5 8 K
{5 I miR-24-3p, AMAGHE 1 5 B i 1 miR-24-3p i
P A A 55 AR M 1ais AR, DM Es 1)
JEAZ AR TR, AR ROPER LI K . Z5%
e IV T AN A AR BE A5 DR R O TR )y A 7 v Y 1.
AR, SR, AR YAt
S ROPHAE T — R 7E A S HTRYT Tk

2.3 BHRREXHR

B IEHR (glaucoma) 2 LURHE R S HR e . flph 2625
4 . PREFERAS . LT R AR Y — R DL IR .
PerkumasZ5:®*) i 335 %F /N2 ¥ (trabecular meshwork, TM)
20 L 1 AR R AT R 1 B S DA A SN TE IR
JEPREE PR & AR, B S E AR TR, BRANI
A B 5 A 1 108 TP MBI RFIE R 150, A5 1 4N
Emilin-1, Neuropilin-1. JJL£F 4 4 (myocilin, MYOC)
L2 TMANME AR R L, RS A5 AR RIS
WA S SRR AT REME . Lin G5 T R
P H A B EHR (primary open angle glaucoma,POAG)
BA R TMHLRA, 5 1E 5 % B8 20 3k P gk 47 %)
Fo, RIH A 36R SN MAFE R AF7E 22 S PE RIS,
I AT DAAE I S 0 S0 I A 12 7R 42 7T BB JE POAGIHY
TEAE R PL o R D) S 2595 41 B (retinal ganglion
cells,RGCs) 14 #2 2k ol Ty g B it J2: 75 VG HR £ 5 AN n] 356
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PER I FER A . A W5 ¥ BM-MSCs-exo #4518
F PR [] B 75 SGHR S AR (G HE ST/ 32 0 £y
PR i /N BB | BRI B TN BB ) 1Y) B 3
b TEX PR, B BEMSC SRR S A
H A1 2mRNA (miR-100-SP . miR-106A-SP%) 35 A
RGCHN#ATRIL, WIRALHRGCsHIFEIG, [FIEFR;IE
HOfeiR, e — @& M 1ERS". Mead
265 DS st ST A 2 I (N S AR, AE S
XA TR By 40 11 B8 B AR T P BM-MS Cs-exo o 3l 3 Xif
FCTE S PBSZL RITE ST MSCs A IRGCIY TG 3, K IR
TESTMSCs-exo S 56 40 s WIRGCAF TG Ko 5, ZH i
R, IR R, RGCHNIZEE R R I FEAE .
FAN PR G 1L - 1 45405 (ischemia-reperfusion
injury, IRI) 2 % B IR 19 5 5 R AL 2 — . Yus™
FEIRT/N LR P9 32 56 TNE- o 13805 SF i 1a) 78 5 T 40
NIt A U5 Y A AR (TNE- o -stimulated gingival MSC-
exosome,TG-exo) , ﬁﬁ%ﬁfﬂTG—exoﬁﬁmiR-Zl—Spﬁ
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3 BEERE
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I, LA R AR MBI B AT 58 32 2 1Ok B 27
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SRR |« MRS AT EHR A 22 R R BLE
kA S R o AN AE IR B P BT 5 H T
Ab TR RR B B, RAEA VL LR s 14
WRRIBLAR . PUMT . AEVBE . MR Kk
P A 2T R T, (R B R AR 2
TAEEA, B m R B A SN IBA AN R 2
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IR
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