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MV T dn, A R 55T 4 R U EXs miR-
146a 1] EAZ M A0l Ariz e 7 (NUMB, ) &
PIEFRE T (B-catenin) {55, i3 BANMIIEE S = 7>
W, R E O B A ) BEFR A, miR-146a/
NUMB/B-catenin {5 *5-1 J# 2 B[] 7851 T4 EXs
e = INUBEAS 5 B A A D) BEREAS A OGS BT 7Y I
KRR, ARz 30 B iR EXs iR
Yishee. iz 3hnl fe vE EXs B o ik A 295 2R
P, T 19 miRNA K45 P AP i &
fRfE Ty . s OIS DIRE . AR AR RS A R
NE W& Ak, 1T AE RS PR I A T R PEAT 4 K
N AR R G EEAN [R) 21 R R EXs miRNA 7
BRI I A AE TP IVER, 2R gs Az g X
X EXs miRNA B 520 LA 215 345 EXs miRNA
FEWE DRI TT AIE PR TE LR, U Ris shBiin
W PR I & i 10 0 A5 07 6 K TS 12 W B 4k B e
2%,

1  EXSsZHR K IheEHtiA

EXs{ENEVs W Z —, JELERIME IR I 40
2 L2120 1 AL AR e AR T, FEE B
THWH & PO B BIE AU T2/ N, HE R
2530~150 nm (“F#4100 nm), #FEFE1.13~1.19 g/m
ZIE), AEFF W N AT LR B S A 4
MR SRR (MR B BRIk ) B, 1983
4F, Pan Fl Johnstone ) B IR &I K Th BEHE iU,
TE 1989 4E o o EXs ' 58 R B, IR A% FILE
A% A W A0 A D B85 1 AR B AS TR $8 mTR
EXs "™, 3. PR K. BEFL. UK. MR
WKL . THIRFT RS h 25 EXs o0, 5
HAEVs WAL (T IMATREEN) MLk, EXSTE
AR, RIE, SR BES. RANESHNEY
LR WAL . EXs Ef/MUEVs, HR/NEGkR
TR RS A, ] R A0 R WL, 1miE T

MRS HRE s AL s T A R
EXs Al 2 5&MAEY SR, mPi 2, R
AN o o S i 5 e

EXs AW A el B4 : e AL BT IBEAY 1] Y
W () TR A AR b R A4
W ITAZ NI 5 c. 7 M A E 0 1) 20 D 9 2 i A
(multivesicular bodies, MVBs) ., MVBs 5 Jii i fl
G5, BENBELL)EXs RN 4M sk, L2 Fh
iz AN, T8 DR An s BoR T,
PN A T RE, MVBs 59 B SR v @l
GIEw M Y B ELT, REUwEgNES
¥ (endosomal complex required for transport,
ESCRT) , 11 ESCRT-0, ESCRT-I. ESCRT-II #il
ESCRT-II ¢ H: B @ £ 1 845 EXs iAWk 4 E
BCUA K iy > plSr T ESCRT ML, b
ZEWENE N R IR T AL B R LI T 6 (ADP-
ribosylation factor 6, ARF6) I H: 41 % JIg filf D2
(phospholipases D2, PLD2) [RIFE#E | EXs A4
K17, RAB FIE R X EXs 193 W IR P (st
20 Mg #F B, 4 RAB27A. RAB27B. RABII,
RAB35 il RAB7 ¥ Al & 45 EXs 73 '™, EXs K1
FE R RRR IR 5T, an s i (CD9.
CD63, CD814%), #4ff DNA. RNA, mRNA,
miRNA FIHABAE G A% RNA . . BR T A Qi
IR 2 L7 BN S B U 0 e A A i
AL . FEH A S E W . EXs DL A
75 35 HE AN AR EAE DT AR AL (1),
a. EXs il et 2 11 45 11 5755 FE A0 i o sz A4 HR BLAE
IFROE T IHE 55 5 b, EXs S5 HE4H Y 5T fl
G, K Bk SRR AN A AL s e EXs B
MM A RN AT, A3 B R A R At A
W5 UE S, miRNA 7E EXs H A9 K T B 41
JL 2, 25 AN AR B AL s AN B A R
AR B T IR Y T HE A
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Fig.1 Formation and biological characteristics of EXs
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2 EXs miRNA 5#ERIBFH & IE

miRNA J& — 28 K 2 18~24 > #% 1 iR 1l 20 5
RNA 7+, N EXs EEMIEENELEY 5T,
HAEHFEXE PR ERmSRTZXHE.
miRNA 7] 3 i+ 5 ¥ mRNA 1 3-JEF X (UTR)
BOFHOREHE (ORF) XIRZE 4, TR G KES
SR gk 2 EXs R B AR E R . EEE
R A PE ST MARAEARRAE H A LR 0 ) R0, Rt
IR AR R A . UM miRNA W] LL# i
EXs MRS T G624 iof 1% 2 A2 /R4, BEXs i
JI AU AT 41 B miRNA 5037 W A% g il (RNase)
BfE, PRUF miRNA R M @ 2, I EXs il 7234
miRNA 5 #0240 il 5 1 404 . Ir 4ok 298 it
T, 20 I8 9 EXs miRNA 7688 FR 9% I & 5
(R B R AR R SR R PR B RAE R (R D),
RTREAVE M AN IR B AE W . FiLfs A~ Efkia
TG A R
2.1 EXs miRNAS#ER % SR

B R 9% B f5  (diabetic kidney disease, DKD)
e R A IS R R M A IR A RE , T R T R
B B T RE AR A, SRR PR AR B
M EZRFZ — PR, PRI EAT (8Tl
SN H T TS DKD A 2 B RS 40 7 B 1)
PRREAS, PRI IR EXs miRNA ] 1 T304 DKD
HIA R IR AR AE . 5 2 BB JR % (diabetes
mellitus type 2, T2DM) HEHAH L, DKD &K
W EXs ' miR-4534 1 miR-19b-3p % ik B & Jh &,
DKD . # JR i EXs miR-4534 1 miR-19b-3p ) ik
K55 2 PR B P R B R IR ARG, DT IR T
EXs miR-4534 1 miR-19b-3p 7] 1 &y DKD % B2 kit
FRifEZ —. LAk, PRI EXs miR-4534 ] fig i o 34
1% XK HERL E ] F+1 (forkhead box, FOXOL1) /A
AL H A B AE & 1 (thioredoxin-interacting
protein, TXNIP) 4S8 LN HRAS, i e 40
M, =5 DKD R =, 5 T2DM B 1)
AEIEH B AL, DKD & R EXs miR-21-5p Al
miR-23b-3p i # |18, miR-30b-5p Fl miR-23b-5p
TR W FE L™, UiP] EXs miRNA 7E DKD & #
PRI i) 22 57 3R AR R A s Wi A= b & . o
FIFFEIESE, EXs miRNA S DKD A= B F & Ji ik
PR T ELE A5 . DKD H 3 I3 S U5 BEXs AT 4
22 HE HK-2 4 miR-4449 J2 AR 48 40 P 7 11 A
Z-1B (interleukin-1B, IL-1p) FIIL-18 Fik i,

TS [ 0 T e v PR AR PR 1 3R, (i A
S R L P R 7 R R A T 4 M EXs miR-
215-5p Ji o B H HE ) 40 B & 4h A BRI R 2
(e-box binding zinc finger protein 2, ZEB2) Y%
IR, S A A A R Y A L A A
T, AT R A A4 03375 < 19 DKDD 27 I Ah,
R A AR 15 0 DKD ik i B2, 4 ke I
EXs miR-221 A # 1] Wnt 5 5 i i 4 % K+
DickkopfZ£ [H2 (dickkopf WNT signaling path-way
inhibitor 2, DKK2), &7 Wnt/B-catenin {5 545
DKD /MU /INE AL 3 A3 2o TR 78 5T T 4
T 42 EXs miR-125a n] § i) 41 25 [ % £ Bt AL B 1
(histone deacetylase 1, HDACI1), F N K ZE-1
(endothelin-1, ET-1) ik, % DKD KRAEFIR
SERFNE ERL0T, TRIP B IhfE >

2i TR, PRIBOK IR EXs miRNA 7K F 78 4k ]
S W DKD A & SRR , 1 E A i1 55 2 Far il 4 v
Y20 DKD E bR S OF S AR A D . b, EXs
miRNA 7 DKD &AWLl a5 h 2 5 5 /ME T 20
Ji . AR R T ARREAR G, R R R R
0 6 A5 AR 2 2 A M RS, (A LA R
AR U5 EXs miRNA {2 3 DKD B I D gk & 11 2.
AL, ATHRANII
2.2 EXs miRNA 5#E R %510 W B 5 25

BRI LI 5548 (diabetic retinopathy, DR)
JE W PRI A0 8 DL EL R W A B PR AR it A8 O
iE, TIHH] 2045 4F, 43k DR BGAR 5 ] 3 i 2
1.60542 ', #F5EIESE, EXs miRNA A 1F K12 W
DR (R BV YIbR G . S # & T2DM IE DR
BEAM, RS YE DR 85 M8 8 1 DR B 1M
# EXs miR-15a . 3% J} &, H EXs miR-15a 5 DR
A B R S IEAROC Y RIS E TARRHME
i 28 12520 M7 1L 7 EXs miR-377-3p %} T2DM DR %
K T2DM B#F iZWiiE, LKIMhZe R (AUC)
0778 1 (95% & 15 X []=0.638 3~ 0.918 0)
W EXs miR-15a Fl miR-377-3p A BEFF Ab IR HL
o JIEE 45 0 %) i Sk AR AR AR W . BFSE R L, EXs
miRNA 7£ DR (& /L B R B b RIS EAEH], 4
SR E AL 0 RS 240 R ) R i o e Ak L %) 00 R
% F AR W EXs, & & miR-202-5p #Y EXs
AL A IOk N R AR L AR G L RS A I A AR
A, KT B K2 (transforming
growth factor receptor 2, TGF) /£ 3% DPP |d] I #)
(mothers against decapentaplegic homolog, Smad)
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T A N R A R R B Ak, BH IR SE 1 DR
B RELT e i e Y e A KO 2
ok ALK AL IR J6 240 e % % ) EXCs A T IfiL 7 A= i miR-
106a-5p. miR-20a-5p Fl miR-20a-3p HY7KF, 435
14 N 2 4= I F (vascular endothelial growth
factor, VEGF) ik, MIMZHEA0 M B GEAZ 2511
i Y. A BIFSEIESE, ] FE 5T T A MR TR EXs
miRNA X Ti797 DR EA RAFIRHCR . TS RIA
(A B 1) 78 52 1 20 B R 5 EXs miR-17-3p AT B#AIR
DR /> BB I 0% F0OBE £k 1L 21 85 11 (glycosylated
hemoglobin, HbAlc), MK Ifi£LH A& A
B ARG AT, B ST B+ VEGF %
ik, Ul DR /N RASSAE SO A Ak g, JFad ki
il 55 5 i 3 F e S % 1 F- 1 (signal transducer
and activator of transcription 1, STAT1) Il ¥ 4
JEE 240 R T B i R ) A B T A M OR UR EXs
miR-486-3p 1 i@ &f #l il Toll £ 52 & 4 (toll-
likeReceptor4, TLR4) /#% T-xkB  (nuclear
factor-kB, NF-xB) {55 i, 5% DR /AL
JESZ L% T3 I AR T, 2% DR /N B g 2
AR, ST BT 40 AT A EXs IncRNA SNHG7
A] 38 i miR-34a-5p/X & 454 % A1 (x-box binding
protein-1, XBP1) il {30 il A AR ) IS Sl 1 387 A 12
L P PR B ) O A R I AT 1 27

Zi LArid, DREHT, I EXs miRNA SHR
BRI A RS ARG . FERREDIRAET , AMEYE EXs
miRNA A 2 5 N Bz 4H 450007 . 1045 9 i R A0 1) s

240 M Ty BE B B 25 5 B R, b i 40 M 23 W EXs
miRNA W] 38 i G AM G T WA T SR K i
TS G 5 E K, 7F DR IZIRUE R bk 5
YERT, (HHALHLE AT e
2.3 EXs miRNA 5#ER % B E#HERE

B PR 95 J) [l #2505 4% (diabetic peripheral
neuropathy, DPN) J& % PR 8 & i oo Dy g b
5 | A —2H 5 B, e B E e
W RAEZ — o WEFE R, miRNA 1k EXs i3
FEAEH ST, AEN DPN FUS TS 1 A4
PrRali. SR EEALEE A S HE A0 MR IR EXs AR L,

e WAL H ) 25 EAH IR U5 EXs miR-28 . miR-31a Fll
miR-130a 2 TH 0 i MURPIRS T DPN /N T
FR A 28745 4 28270 1 miR-146a 1) ik B 3% R, H
S5 MM E1Z KA1 (interleukin-1
receptor-associated kinase, IRAK1) FlIJfE IRE
FZ KM KA F6 (tumor necrosis factor receptor-

associated factor 6, TRAF6) /KFEEMAHE P, 1
Gh, TORE AR B TE] 38 5 T 40 K R EXs & 7 miR-
146a, A]3@ 0 TLR-4/NF-xB {5 5 18 [ i 22 3 i
1 IS AE BRAZ 20 R DY B A Ak, 1 T % ik
4 DPN [ BEIR/ N A D RERERS *', R EXSs
miR-28, miR-31a, miR-130a & miR-146a %fF DPN
(AU Sz W A S ZANE . 8 2SR,
THEYN M ] 50 L ou i A B AR, AT AR EXs
miRNA 5 DPN [ #L & 2E R R VIMI G . IEW S
IE 41 Jf > Y5 Y EXs miR-21, miR-27a 1 miR-146a
AL IR R PR T AR B T s 2T i R AR K
3% T2DM /N LAY DPN U Ak B ) 25 1 200 it
H P EXs & A 7 /K- 1Y miR-28 . miR-31a il miR-
130a, ATFECEFARMZT Bz KD . o EXs
T 2B /N BRA B 2485, EXs miRNA A3
7 DNA H 3232 (DNA methyltransferases 3a,
DNMT3a) . ZEfit/IMAAH I8 125 (synaptosomal-
associated protein of 25 kDa, SNAP25). NUMB Fl
He KA K 2B 1 43 (growth associated protein 43,
GAP43) myFRik, dEififEHE DPN [ & J& s fe 5,
FABFFEUESE, (8] 785 T 40k I EXs miRNA #f
4" DPN #h 2 1L T . [R) 78 5+ 41 i >k I EXs
miR-17. miR-23a. miR-125b A & 2 R (A e /)N
BROGT R UARI S B, e i,
it # i TLR-4/NF-«B {5 53 6 3F M il 465, ¢
SHECYT DPN /N RS 22 M35 T Rg 2

Zi BTk, EXs miRNA X DPN 2 K 7 ifi (4
5% J5 BR T35 HE A0 ML AR AP S 58, 1% G EXs miRNA
I RIS I2 Wi F9E . 7E DPN & J@ it #rh, R[4
Jf >k EXs miRNA 7] figif it EXs %1z 31 25241 41
A, AR IT . HIEANMAE, O kA
Pz e . MH DPN A RAES:, A DPNIAYT
P A T s Horp I HE 40 A oK UR EXs miRNA
5 L A Al e T I I DR A4 KR LA AT B SR IR T
DPN (1) AEIHLH], AR SCHEIE 2>, 755
— T
2.4 EXs miRNAS#ER AR

B R W5 0 L J%  (diabetic cardiomyopathy,
DCM) J& 1972 4F & IRl 19— FiRe ke X .0 i
W, B SORBEDRIG . ST 3 I AN e Do EE 3 Y
O EEFIfe S8 = MR A, EXs miRNA
A[E A DCM JCBIRG I AE bRt . S51E# K&/
S EL, e I S5 = 0 B 5 BN BRI 1 2R
miR-1 FlmiR-133a 7KV & Ty, Wos i m i
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WUIRI AR M . S{dE B F M, T2DM O LI AE
P 20 LR L miR-1 Al mi-133a /K ET b & . itk
Ah, TAZAR A HL-1 .0 WLAB A AT B ) EXs miR-1
F miR-133a /K F- £ m . 5 T2DM E DCM
BEHMI, DCMA MM miR-21 /K55 FiF, H
miR-21 Y 2 Wi &% R (4UC=0.899) W # & T
HbA1CAFZ 4 !, HAh, O NEAH 40 AT A4 i EXs
miR-21 7] 3 1 #0 [a] T R e Al BT T R T 4
(programmed cell death factor 4, PDCD4) ik,
PR30 LA M Ho A2 S0 A0 R JORE DG I i I 1 e
F: W] EXs miR-1. miR-133a }2 miR-21 7] fE1E o b
PRI O R AR S . AR 2 EIESE,
EXs miRNA 7£ DCM #F e rh s s 2 (1, 5.0 00
PRI AS A SRR AT BE VIAHOG . O LA = 4R
() EXs miR-320 1] % 22 /NGO IE P B2 40 i, sl i
TS ZEFEAE KT (insulin-like growth factor-1,
IGF-1) . #4K % % 120 (heat shock protein 20,
Hsp20) #1E26%% 55K F2 (E-twenty six 2, Ets-2)
eIk, 00RO IR P 2 A8 L ) i 45 AR D g
F U] EXs miR-320 H AT BT M4 A= i Mifig 7', A4

W B2 = 0] 3% o UL 48 B SR Y5 EXs miR-126-3p Fil
miR-23a%3%, EXsmiR-126-3p I miR-23a 1] 4} S0»
JULEH LT P 1 200 B3 5 ST, DN 2 P R 4 3
BRI A8 A i ) o 3 S ok 3R 3 0 L3S U5 1 240 i
EXs miR-146a-5p 1] {2410 il 47 5K A0 L 6 A 7
UL AR 28 20 B AL 1L LR AL AKCE, IR 0T
B o PR WLaBR It P T 4340 /0N B L
JIE 15 248 Jif Sk Y EXs miR-130b-3p 1J i A E /N B
WUAREIR T, PR, HALHI ) miR-130b-3p
70 1 o L PR 5" M R A PR AR M 2 1 A
235k, HEMTELC UL R Z AT T IR
ProrTAeak,  RIEE RS C WL i P A
2 FJFR, EXs miRNA A fEME DCM 2 i K
TS R VAR A AR Y, HLEXs miRNA A 32
R A T W SR A2 O IR D) RE B AT R T
o AR HETOF S 3 2R BR T 0 I 21 2140 M ok R
EXs miRNA #8755 N B2 4 i DB . f2 1 i 48 A g
PO LA MR T M BB SRR B R, S SRS AT)
T KA TA] 20 2R 40 i > PR EXs miRNA /£ DCM (12
FNESTVEFPLEI A TR AR .

Table 1 Mechanisms of different cell-derived EXs miRNAs involved in diabetic complications

*1 FTEAEIFEEXs miRNAZS SHERHH & EERE

BE IR EXs>KJR miRNAs £ Z%
5 R SR miR-4534 kR EY; BUFEFOXO/TXNIPA AL M g1, [23]
R A A
TR miR-19b-3p YR ED) [24]
PR miR-21-5p. miR-23b-3p. ‘EWIREW [25]
miR-30b-5pHmiR-23b-5p
137 miR-4449 &% 20 B Rl 7 IL-1RFHIL- 1843k i, BE g4l i s [26]
FRBLAG B[R 1905, R adh AR A AL LI
JE T4 miR-215-5p B AR ZEB2FIE, EEMEIHE AT mES [27]
1 2 4 I B R T
pakaificl miR-221 #LIA Wnt{s 5B % % K 7 DKK2, 1 Wnt/B-catfs 5 [28]
J-FDKD/) B /INE AR S A 51
111 78 57 -4 miR-125a L HDACL, FIHET-13%A 8% DKD A & & A JR%E [29]
ARFE WS
TR BRI A A 53 AR 3% miR-15a IR EN) [31]
iR miR-377-3p bR ED) [32]
PRI 1 2 miR-202-5p THF R K P R AN A K R A s A, @i [33])
TGF/Smad {5 =168 B H1 ] P B 40 1] J5 4k
LI £ miR-106a-5p miR-20a-5p YFTVEGFRIA, bt i BBk Bz 45 45 43 [34]

FlmiR-20a-3p
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W5 IR I EXsHK Y5 miRNAs 1EH S%
FRAE SCHR
NGt 18] 58 o7 40 Mt miR-17-3p FAARDR/N BRI M FTHbIAC, NS, MmaE&E s [35]
ORI S B e A B K, B AR 28 RE Rl T R VEGF %
%, WEEDR/N R O RN R R
B 1] 78 )0 T 240 A miR-486-3p JE I I TLRA/NF-xBA5 5l 2, G 3RDR/N WAL ELE [36]
S0 3 2 A 2 A
V¥ 78 53 - 44 miR-34a-5p J8 3 miR-34a-5p/XBP 1 #4101 it] AR 9 LA 085 P fe gl [37]
ALY PR I3 1D o e R L 5
R VR A 2295 A T HE4H L miR-28. miR-31a AR E [38]
FImiR-130a
AR LT miR-146a VbR E [39]
V) 78 53 44t miR-146a | TLR-4/NF-xBA5 51 % 1. 35 40 i) 70 1l 98 0 504z 48 [40]
JHFI P R A s AE
TSN miR-21. miR-27a PERERE RIS IR AT e 73 A K [41]
FImiR-146a
T HELH miR-28, FEOS R R AE K WTDNA R R R [38]
miR-31a 3o, S fil/NAHE 5G B F25. NUMBAIAE KA R B
AImiR-130a 43146k, NEDPN
171 78 57 -4 miR-17. miR-23a. HEnwh At S5, @ MK TLR-4/NF-«BA5 5@ 40 [42]
miR-125b T RAE, LRA PR ML
PRI O LR oL miR-1F1miR-133a DR EY) [44]
m3 miR-21 DR EY) [45]
O T A 4 miR-21 #U1E N HPDCDAFRIE, RO WLAHIE 52 S Ak S AR [46]
SRR I T
IWIlIRALLi o) miR-320 JEIT N IFIGF-1. Hsp20 M Ets-2[f1 581k, 4R 0 fE [47]
PR 7 49 L A R
IWilIRALL o) miR-126-3pMimiR-23a {3k P R 4 Mo 1% e 1165 A= st [48]
CLERGH A miR-146a-5p A 5 AL O WL 8 A o U v 2 SR IR PR RO LA [49]
Yt KT
e miR-130b-3p 7] R A e R 5" R O A T R OB P 2 B a2 3 [50]

i, A LR A 2 P T 0 I R S T RE

FoxOl: X :k&#E 54701 (forkhead box O1); TXNIP: #i il H HAH EAEHAE A (thioredoxin-interacting protein) ; IL-1B: H/MZ-1p
(interleukin-1B) ; ZEB2: E& 45 & 848 H2 (e-box binding zinc finger protein 2) ; DKK2: Dickkopf2£ K2 (Dickkopf WNT signaling
pathway inhibitor 2); B-cat: B-i£¥ 4 (B-catenin); HDACI: ZHfH 2 LA (histone deacetylase 1); ET-1: P}E¢Z 1 (endothelin-1);
TFG: FfbARKHFBsZ/A2 (transforming growth factor receptor 2); HbA1C: HEfLIMZIE A (glycosylated hemoglobin); VEGF: IiL45 P
HK BT (vascular endothelial growth factor) ; TLR4: TollF£3Z14&4 (toll-likeReceptord); Smad: HfSEDPP[AEY) (mothers against decap-
entaplegic homolog) ; NF-kB: #[KF«xB (Nuclear factor kappa-B); XBP1: X&&5&HE 1 (X-box binding protein-1); PDCD4: 274
JEFETZHF4 (programmed cell death factor 4); IGF-1: [ ZFEA K AF1 (insulin-like growth factor-1) ; Hsp20: #YR 5 120 (heat
shock protein 20); Ets2: E26445%[HF2 (E-twenty six 2).

TEVRIF S . 1B % EXs miRNA B9 52 0 A 98 1 Ak

3 IEZHITEXs miRNA B 20

18 SN ZRAN B RIS SR g2 T NG P
HSEAT, TR b I AAERR LAY AN AEZY
YT wiFB . EXs miRNA1E iz 3h 58 R Of &
i KA IR A S o, AT D I I A AT

TRGEB B, ARz 877 08AE EXs B ILZYi)
BN Ry 2R G0 R AR AR B AR B R,
ARSORE I Ets s R Y2 Sl 2k AT I 94
45 (3R2).
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3.1 2AMHEIEFH5EXs miRNA

5 RM, 2z shn] L8 EXs miRNA %1k
Ko HH5E 26 2455 E BT 2 OB Rz s )RR
BUEZAE TR SRR LEE, REZHR
PERT . FE)T . PEE 2 h AIFE)S 1 d MR B IR TR
EXs, AW EXs miRNA (41 3%+ hsa-miR-424-5p.
hsa-miR-361-5p, hsa-miR-223-3p fllhsa-miR-223-5p,
JK W " hsa-miR-218-5p. hsa-miR-3158-3p. hsa-
miR-3158-5p Fll hsa-miR-517a-5p) LA AR A1 1)
T A kAR N, T S 5 AR W T B EXs
miRNAs FJ fEf& 2 hh7 Fniz s 5 A B0 3 5
BB AE Wb L SRR AE B B D I 25T
HEHNE B fd B B MRS R EXs A EXs 4,22 i miR-206
I miR-146a F IR 7KF- 53 3818 XA T 7 Y1125 50 1Y)
ZAET VESEAT 40 min 5 %S B 3 h 2PEis 35 ok
LIMIETFor B EXs, BRI G ALZAEF ML,
R AR PRI EXs 1 miR-486-5p, miR-215-5p
I miR-941 5 FLLL Fe ik W1 I, 17 miR-151b I
2R, 164/ EXs miRNA 7EJ4 75 IGF-1 {5 5-1%
SR EEEER Y 10 RS S ik
[l & o B Rl AT 2B 3 e, I 2R R R EXGs
miR-1-3p, miR-16-5p. miR-23a-3p., miR-23b-3p,
miR-208a-3p, miR-105-5p, miR186-5p, miR-222-3p,
miR-451a, miR-486-5p. miR-378a-5p & miR-126-3p
TEIB SN 5, BINGZD 3 24 B S £ 4
PEVE TR RIS (VO,max) . LA B{H (AnaT)
A ABE (AerT) MK, AerT M5 T EXs
T miR-21 Fl miR-26 & & F+ &, AnaT il 305 1 v
EXs ' miR-21 Al miR-222 . AR, TR+
EXs #5747 () miR-26 7£ AerT Ji5 J1 75 10 4%, 7E AnaT
JE THET 30 /%, 7 VO,max 5 B F THE 4045, H:
B %5 1 Bl B far ARG SRITTG 0 B, 5 FRBFEAR
22 3hn] T EXs miRNA ik, Wistar K U
Z2at A izshE, MR EXs mo-miR-128-3p,
rno-miR-103-3p.
191a-5p. rmo-miR-93-5p, rno-miR-25-3p. rmo-
miR-142-5p Fll rno-miR-3068-3p i FHFEAE 7' fd B
BV AR A R BRI D32 35, i EXs o
hsa-miR-21-5p, hsa-miR-19b-3p., hsa-miR-17-5p.
hsa-miR-221-3p. hsa-miR-150-5p il hsa-miR-340-5p
WAL Y SRR 2 v B Bl T I S R (g
i 55 % 32 B 5 AT 24 h 8 2R EXs A9 miR-31 &
B LR R, 2k iz 2 T EXs
miRNA 2 50355, H EXs miRNA £k 52tz

rno-miR-148a-3p, rno-miR-

gt BT RS EXs KRR, EXsii
B . EXs B AR = A 0C. Ak, H
R 5E 22 o 2P s sh X I 2 Ok R EXs miRNA
g, 2Ptz sh K 2k sz sh i A )
i EXs miRNA B HE # /D, FHCHLHIIF R
AT
3.2 KHEZ1 5EXs miRNA

WFFEUESE, KMz 3 n] 2 25 191 EXs miRNA
Tk AN T 4 R AERIER RisE, N
Bz ML A P EXs o miR-126 & 25 Th i, i i pe g
KEEKHETRFKEEMAT (SPROUTY-related
enabled/vasodilator-stimulated phosphoprotein
homology1 domain 1, SPREDI1) /VEGF i % F# (%
7 T Sl 1| = N R A P = By
Bl 3 1 db/db /Iy BLO LA LR U5 EXs miR-455
FTmiR-29b 23K, EXs miR-455 F1 miR-29b 1] # 1]
TR 4R E A9 (matrix metalloproteinase 9,
MMP9) Fik, W MMPY B T UFRUN N, S
FEANM AL EE Y ORI,
BRIk v 3 Jk BEL 175 T k1 PR i 2 o R R T 4 )]
HEizdhE, KEMHEREXs 41167 miRNA (40
miR-370-3p, miR-92b-3p Al miR-92b-5p) # ik I
P AHHIESS, X8 EXs miRNA 5 X5 B A
HSBRAX, M5, NFxBIE 5. i
Jie 25 AR AN 22 24 R 0% A6 B 11 BEE (mitogen-
activated protein kinases, MAPK) {55, M
P Z2 5538 % 1 EXs miRNA Al fES 53l
PP E R, X 28 2 3T Y miRNA A fE
M R ML P I T SR N B A RN SR Y
B, 4 JEEDK Iz B0 T I 2 A0 C LR P T A
KB EXs miR-342-5pFA7KF, EXsmiR-342-5p
HAODNERER . PE—25 0 5 A0 UL i 5256
WESE, EXsmiR-342-5p ALl g TSR o
FIf9 (caspace-9, CAP-9) Fil c-Jun 2 I A vy i il
2 (c-jun N-terminal kinase 2, JNK2) Fik, Hing
LA M A A7 15 5 E BB (protein kinase B,
Akt), JREREE/E RSO U T, S
O 1 8 TN 48z 2 b 2 3 I IC Jr e e
LM% EXs HmiR-150 . miR-320a F1miR-124a 7K
-, Ho EXs miR-124a Fl miR 150 7K -5 R AEFR &
Y (CAnfgERER . MR SE R F a5k IL-6) DL AR
NFEEREY OWASIREL) Z RIAELE B E A OCHE
STz shilgrs B AL, U020 58 ekt e i)
BE, 254 L0 FE I ZR 4 v il 7 EXs miR-
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411-3p B3 LI S FBAMRUESL, BRG]
I ZFE R EXs miRNA K ERE/N AT 8 il K
WA RIEIIIZR, RE/DNRINTEITF/ 2 EXs, KM
miR-122, miR-22 Fl miR-192 7K F- i F AL, Ho
miR-22 7KV 5 i 5 A= A B &) 2R U A iR 0
% W% 32 55 1 4 (glucose transporter 4, GLUT4)
BYZRIA A G, miR-122 /K55 R85 B AR T4 A
if AL Y T A 3 BE ) BN 2 IRy (peroxisome
proliferator-activated receptor y, PPARy) Fik&
FHOG 0 Kz Bl ] I 2 R AT e v A v 20 ik B
FE5 T W I Fil 2R v R BB B W EXs 't miRNA
( 4 miR-3068-5p, miR-665 #il miR-136-5p)

ik BAEYSEE R, IR EE SRR
U TR iz 85, /NI EXs miR-191-5p
Fih B EREAL, FUESCUTER miR-191-5p Al i
GREMIHZ S 7 g8 RESIRAT I, H 250t
T KA A 738 3 % i 5 ok I8 EXs
miRNA IR mm, KMA E 8Kz 2 K e iz
S E 45 5] 40 Sk U5 EXs miRNA 5% /20 WA .
A, FEERIRE T, KE s v v § EXs
miRNA G F 1 9PE L Mg 7 A Al B e 5 28 flaept
ehrly, AR T SR A EE I 48 AR
ERFEHIVER, (AR IE 37 EXs miRNA %
STy Sy S R E S QF ) VAT GBI IA i Ak NULK S 1= 18

Table 2 Effects of different exercise on the regulation of EXs miRNAs from different sources

F2 ARRENEFHIAESRIREEXs miRNA K220

eyl EXs3RIH 12375 1 EXs miRNAZEE, 7%
SCHk
KHWiEs Mg LR FAIES) miR-424-5p. has-miR-361-5p. miR-223-3p. has-miR-223-5p 1 [52]
RIK RN IZ 3 miR-218-5p. miR-3158-3p. miR-3158-5p. miR-517a-5p 1 [52]
JiliE74 KHiEE) miR-206. miR-146a 1 [53]
2% HHIEs) miR-486-5p. miR-215-5p. miR-941 T ; miR-151b | [54]
% 1R R TV miR-1-3p. miR-16-5p. miR-23a-3p. miR-23b-3p. miR-208a-3p. miR-105-5p. (557
FATis3) miR186-5p. miR-222-3p. miR-451a. miR-486-5p. miR-378a-5p. miR-126-3p 1
AR fiif 12 7)) miR-21. miR-26. miR-222 1 [56]
s ] miR-128-3p. miR-103-3p. r'niR—l48a—3p\ .miR—l91a—5p\ miR-93-5p. miR-25-3p. [57]
miR-142-5p. miR-3068-3p |
il PikHiE3) miR-21-5p. miR-19b-3p. miR-17-5p. miR-221-3p. miR-150-5p. miR-340-5p | [58]
il WA B 23] miR-31 | [59]
AtbiEs) AR HEBHLES) miR-126 1 [60]
L4 A HEIE3) miR-455. miR-29b 1 [61]
DR HEis3) miR-370-3p. miR-92b-3p. miR-92b-5p 1 [62]
I3 T kiZ ) miR-342-5p 1 [63]
il KI5 miR-342-5p 1 [63]
iR 4 HEIZ) miR-320a. miR-150. miR-124a 1 [64]
13 HEIEH miR-411-5p | [65]
1My HHIZ3 miR-122. miR-22. miR-192 | [66]
Jioi HHigs) miR-3068-5p. miR-665. miR-136-5p | [62]
2% HHigs) miR-191-5p | [67]
T BELF L7 BETH

4 IEZZH SEXs miRNA FFER IR % E
BRI BEALHI

1B B NSRBI 0y, WA
TR e 5 BT SFEACEER  AE 2 iR YT K. 2
BNAE A L SR P 375 5 A R S 7R 240 JfL EXCs 114 B i1
i, EXs VB AZ AR AT #H miRNA #4785 3] 48 3T ol it

Uiy 1) 0L 240 L L A S 0 B T 5 T, T R 4R T AR
. s34 5 EXs miRNA 25 fit i IR I & AE Y
YERZBR YR, (HH - FALGIM R i — 2
4.1 IEFIBEXs miRNAK ZE N & 4 R Th s Fo fE
DEFHEM

VA 12 240 ) B B R AR P - R 1 3 A
RIZR, N AT RE s A B T 92 gt s i Ot ¢
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SiE . BFFEIESE, B3l e ik EXs B, Bl
YA AE o 4 JE] v AR RS ol ] (i A fd BRI B P B
FHL 40 M K Y EXs o miR-126 3 7F &, EXs miR-
126 R[4 [i] SPRED1/VEGF {5 51 %, F&AR P 12 20
MIJAT, AR NI A AR, RPN
ARG, DA BB PRI o I 45 I T R XU
RO SAMIRUES, B R R AL A
WHIT 32 AN RAE AR R A E BN 2 —, i85
A5 EXs miRNA X B8 8 2 HEHTAHE A 1B &) R i
TR R AW T 57 7 AR A 2552 T . CSTBL/6J HEPE
ANERIEAT 5 B v otk B ) G2 sl ke, LI 4 R 5
EXs miR-133a Fl miR-133b &30,  EL R i) 41
Hil/NRUFFE A FoxO1 33k, O3 e &) 22 SR F i
PR I, FREATORE PRI I A FE XURS: 8. 8 JEI AT
iz s W IR AE /N B Sk U EXs miR-22 F1
miR-122 7K F, EXs miR-22 Af #1115 2H 21
CCAAT 34 58 ¥ %45 & 85 1 A (CCAAT enhancer
binding protein A, CEBPA). PPARy FI§ifa 45 &
#5114 (fatty acid binding protein 4, FABP4) Jt
(1) & 35 FI = T2 O 1Y A A TR 84 A Tl P 15 P 5 EXGs
miR-122 AT RS 5 22 14 F PPARy YR 35, 2l
8 APt /0N BRI 5 2R U ) SFSRIESE, AR
iz S AT e SR N BUE 1D 21 2K U5 EXs miR-99b 4
JEFREMZ S, AT 9L v s 2 200 e A PR
21 YRR, HERRAE /DN B4 B 48 4 0 A0 T o
s o,

i L ridk, fARizshn] [JH EXs miRNA £k,
i ixf SPRED1/VEGF Hli i35 PN Hz 4H i D) R R i o [i]
Wiz sh fAG Aaz sh 4 T fEE EXs miRNA L, #7
) L 56 D] 8 T AR AT o R vk . Aokt —
HHRVT i IR EXs K H N 254 miRNA 15 F-#L
i, PABEIRIEIT AR T AR L 2 ST TR
4.2 iEF 1 SEXs miRNA ¥ = 5 B X 1§ 70 40 B
AT

P SRR B 5 i 1145 FELAJE Je v 473 i o

B, HIREEETLZWE IR I R RER AR 1Y) £ 25
HZ—. BFFEIESE, 2345 EXs miRNA 4E4F
NE AR, 8 J8 A 464z g nl .3 11 db/db /)
LU ULAH L SR U EXs miR-455 F1miR-29b 61k, [&
I miR-455 1 miR-29b #L L [H MMP9 3Rk, Jikds
O EEF AN A, B ARy, et
W R 5 0 BE 5F & E Y b Ah, 32 gl i EXs
miRNA 7] 20380 1ML 45 DR . CS7BL/6 /MR IEZ K
i v 3 Jok P41 2E R R I 64T 4 SIS A ARs 8

I 2% F LSRG IR P S AH A AR A EXs 7KF K
B A miR-126 3% EI, miR-126 7K 5/
MG ZA SR AEAR AN R T 2 AR DE, i SR
BRERIEA G, A, 96 FR N E AH 4 MR R Y
EXs miR-126 A i i ®% N8 Mt WL B 3 B A
(phosphatidylinositol 3-kinase, PI3K) /Akt {5 5 i
AN BAEOE SR T, IR A2 B R A
REJT, TRIPPRZETT, DR ik i S35 e ol P 5
1 7. TR Y2 B 5 AN TG IE B4 0 PR A it
1T VEFEREN R T, S5 5 R M40 K EXs FLAR
PJZ1E 50~200 nm Z[H], 51z sh 24 blia sl
M, iz 30 514 i3 EXs miR-342-5p 7K SF 38 in
80%. BNYSLIRAFFTUESE, I Xh O LB i P
PR RV O RS MM TS R, 54HixT
MRZAAHLL, 12 B2 K RGPS M A o 2520 JTL R
IS TR A UEESE . PCRIUF &L, miR-
342-5p Stz sh AP A 15 O LR BV FH B DG A A
it MRAMFFEHE—HAIESE, EXs miR-342-5p A §[n]
1.0 WL i CASP-9 FlINK2 %35, T i Mg/
Mn> KR 2R BRI 1F (5 5 %35, Bam.0 L4
M Akt A55, O LR 1P 75 O L2
P, R IIEE

H AT 0L, K2 B AT R4 EXs miRNA & & .
TRNAMSERAIESS , 32 3015 EXs miRNA ik [ J#n]
S B M A ST A R 20 B 0 T A AR B3 R
T A ARORE PR O & RE KU o PR HE , EXGs
miRNA 35 248 7] 58 A1z 2l B 16 W8 PR I & 9 1
KA T
4.3 EXs{Ed “exerkines” jE7EE K

1 Bl R B i LSS P 0 i B R 1) e 2
PRI PRI D - . U KA RS hiz gl 5
(exerkines) " HATE #k 2 75% 0912 s K F 171
T EXs ™ ™, EXs HAAMAEF AR /i ER, 7l
i Bz 8 A 925 RNase (520, 2ézfiz sh K 4%
BRI AN ™ FE R, EXs I ENiZ 5
W)z s B, TR IS S AR
YIohBe. AARERIZF AT B O WA AT AR &
HHEEWEZEM] (glucose transporter-1, GLUT-1)
FIGLUT-4 DL S FLER i E## (lactate dehydrogenase,
LDH) FIHE-3- B I 2 A Y EXs, X248 EXs Bf
LRI PN R AR, DN IR S A A R R .
fif FTDI TR 1 7= A 7% N4 % Fisher KR 2 58 T
SUENIHSAET , KEJER MK EXs ¥4 Hsp72,
2 JF Hsp72 ¥ B 384 Jin 9F 9k /> EXs miR-142-5p Al
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miR-203 ik, P K BT T aE, MHIE &
MR FRERL . A MESRAESE, i s ] s
Wiz Zh 1) EXs Bk, 2 590 & A Kk kiR .
6 JEl it o7 Il 2k AT A 2F £t B bfE /D BRI W EXCs
Hsp60 7K-F-H8 It B 2IG 2, ki fe ikt 4k
Yy i 1A 38 5 ) BTG 2 Ry S SRR la
(peroxisome  proliferator-activated ~ receptor vy
coactivator-la,, PGC-la) HIZEKiIAR DNA # D1 E i
FARMI, WEEPUARB P R A RS T A
iz 2 nT 2 I AR I R BRI EXCs T CD63
B HF R &LHA LY B L (superoxide
dismutase, SOD) {4, IF4& 5 £ mE LGS Pk
PRAP S AE /) U 2 28 b 32 45 200 B 0 S ARk S 7
SRR fa R B AR A L, T2DM AR v 2tk iz sh )G
IfiL 3% EXs o 4% 7447 f9 CD36 A G B R 7% iz & 1 4
(fatty acid transport protein 4, FATP4) % ik
e

Li LRI, EXs alERIs s TR0, Al
Bz SN R EIEA T, A, B3R EXs
S A AR s N R g 2 - E
“cross talk”, TEMHEPRIE I & AT A A h A A
t5EH . #RiMi, EXs-exerkines & 42 51z 3l 22 [R] 1)
Sy LA R R

5 FHitH5RE

Zr L iR, N [F 20 B K U EXs miRNA 7E
DKD. DR. DPN 1 DCM (¥ % 1 % J v 15 56
YERT, ATREAE N ARSK BIGAR Ie IF- AE B BU AR )
PR SR TS . S ULRIR, 18 ShVE bR IR I
KIEMAEZ Y T FBe, ARIZEBIFUN [R5 iz
SN E S EXs B, i P8 EXs miRNA ik
U N A M D) RE RN & ZR AU . 4RI DA
ST AP A0 MR T AR I A R 5 R A
PSSR, S 5RIRE I L AE R PR

HAT, EXs PRHM A 40 i 6] 38 iR g . 2 21
Iz e, {36 T EXs miRNA . BRI &5 5
18 8l Z AR SE SCHRRAHRT R AL, AT AT 22 ik ity 1)
AR, a. H AT EXs 5 LA 24 250
e ULIEL . TR . SRR B0 RS,
(R DS S S I N i P 11 )
EXs W% TARYE /N, WREE | BB EAMiC Y55
ZATT AT 0T, RIS R R VR EXs #7447 4121
AR IRE SRR ICY), PIARXEGE A R — Y T 3R
P34l B35 B i EXs BRI B — (4R 45 E EXs. b, H

HIER ST o, 18 B o O & 5K A
ST 738 SR K IR EXs miRNA A ¢, HEK
W sk S M RHIE ) e R BRGE Sl AE N R3S B B T X
AN TR 40 Bt S 95 EXs miRNA 520 K 585 bR g% o &
hEVE I E RS M 2>, HAZ 8l )5 EXs miRNA 2
AR A ML Z B 0 38 3 7 1 1 oA LA
IR T 32 sh AT 52 EXs BT RS BT A Ff
R c EXs B g T Rk, nlmid#Ehy
BEIN T SHL-E R HAEA, ERR R & AE
(R BRI vh 2 4 25 TiRE, Rz s T 5 EXs 2
[8] 1) 5% & Mz 84 5 EXs-exerkines 1 78 o503 B R
o I RAE 3 F LT AT T o AR S a] B R
E 5583 0] iz g F EXs miRNA 23 1 R s
JRE R R AT ST SR A B BT A

2 % x #
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Abstract Diabetes mellitus is a common clinical metabolic disease, and its destructive macrovascular
complications and microvascular complications are one of the main reasons for the decline of patients’ life quality
and even death. Therefore, many studies have been conducted to explore the pathogenesis of diabetic
complications which is important for the diagnosis and treatment of diabetic patients. Exosomes (EXs) are
vesicular bodies secreted by variety cells, and exchange intercellular information via bioactive molecules, such as
microRNA (miRNA), proteins or lipids. It has been reported that EXs is a tool for the communication of miRNA
and target cells due to its highly stability, lowly toxicity and immunogenicity and specifically targets. Current
studies have found that EXs derived from different cells play different roles in diabetes complications. EXs

miRNA can mediate renal tubular cell oxidative stress, pyroptosis and differentiation, and inhibit podocyte
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migration and apoptosis in diabetic kidney disease; EXs miRNA in diabetic retinopathy can inhibit endothelial
cell growth, metastasis and angiogenesis, and inhibit retinal vascular inflammation and apoptosis; EXs miRNAs
can regulate dorsal root ganglion neuron growth and inhibit neurovascular inflammation in diabetic peripheral
neuropathy; EXs miRNAs in diabetic cardiomyopathy can regulate cardiomyocyte apoptosis and angiogenesis,
inhibit myocardial inflammation and fibrosis. In addition, the change of EXs miRNA level can reflect the
development of diabetes complications. Therefore, EXs miRNAs are expected to become new biomarkers and
therapeutic targets for the prevention and treatment of diabetic complications in the future. However, the role of
EXs miRNA on the diagnosis of diabetes complications is still unclear, and the mechanism of EXs miRNA on the
improvement of diabetes complications are needs to be explored. It was reported that exercise benefits for the
prevention and treatment of diabetes complications. Although acute or long-term exercise can regulate the
expression of EXs miRNA, the regulation of EXs miRNA expression via acute or long-term interval and
resistance exercise are few studies. Moreover, exercise plays a beneficial role in the pathological regulation of
diabetes complications via the regulation of EXs miRNA or exerkines by improving endothelial cell function and
insulin sensitivity, maintaining fat metabolism balance and inhibiting apoptosis, and promoting “cross talk”
between tissues and organs. In the future, the specific mechanism of exercise-mediated EXs miRNA to improve

diabetic complications still needs to be further explored.
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