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Abstract: Exosome is a kind of nanoscale-size extracellular vesicles secreted by the means of cell active stimulation with outer
membrane structure of vacuoles corpuscle. It can carry and transfer a lot of biological molecules, such as DNA fragments, circular
RNA (circRNA), messenger RNA (mRNA), microRNA (miRNA), functional proteins, transcription factors, etc., so as to achieve the
goal of information transmission between cells. The relationship between exosomes and diabetes has received extensive attention in
recent years. The exosomes play an important role in insulin sensitivity, glucose homeostasis and vascular endothelial function. This
paper reviews the role of exosomes in the occurrence and development of diabetes and its complications, and discusses the role and

prospect of exosomes as a target for diabetes treatment and its role in the diagnosis and treatment of diabetes.
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R 101 4, TP F P4 1 000~
101 000 Ao AMUAAAE Dy — Rl 2E30, FE b4l
N 22 AR 5 2 R TR T B A B A B T . Ab
WA TE FLBE T R IR o 1 2 60 25 1) s P Bk
e, EAFEMEARFTIRAME B T BT i B izl
o AT LU= A AR, L HE — Le R A M AT LA AR
G N /R NI = Brel e d st a1 0 4 7 s AP )
FEANMES 75 LIE W 2R My MBS PRI SFIKS
WK FLits BRI SRREVEM. R RSV
[EIRZ1 177 T 15 W S Breole S /K v s /% | AL LN
NMATCLELEE T 408 B 4. /i #4540 0
RERAMSE . s b, diMus R ER T AN iAZ 4b,
A 1 (microvesicles, MVs) A1 T2 /)MA& (apoptotic
bodies). ‘BT EALLLAMAAR,  HALH] 155 400k
WHFTX A, T AR E R KN, s EAFH
(1) 441 Jf 2 1Y A, 2 e s SRR B DR /0N 48] g 7 4
SR WA AN MR B AR LE K, Z07E 150~200 nm P,
(Rl A UA PR B4R FEAS BE 48 X6 B € 7 < 150 nm iX
MEHEZ . F35, R SR RE T H 40 HAS B
RN, A 20 o A0 30 B8 EH A B T R 4 i i

1. A b1 240 it ) % 328 PO i A2

B U, X AR AN A 5 R T 2 A

HNIAA R T UG T4 B A0 Joit 5 20 i B e T 1)
WHEAER, TERUNEEI, /NERIEET 2 BAHR G TE
R3] N 75 /MA (early endosomes, EE), #%% EE 4
2111 B P 32 2 T R TR A R A P 7 44 (late endo-
somes, LE), I P 7 4 58 ik 3 8 PN [ L 2E TR
P40 N 280 5351 DNA Bt IR RNA (circRNA).
mRNA. ¥/ RNA (microRNA, miRNA). & 5.
s R 7 S0 R Y i 2 A s Y 323 (intralu-
minal vesicles, ILVs), BJ/MBARIRTA ", LE 24
FENE N, YFRNZ R (multivesicular body,
MVB), XLk B A EHIEH S0 HI6E. %
HA TS MVB 540 B iR &, I VR A il
BN ANE SR, HoAth MVB W) 55 B AR S, W
SRS S EIER Y, BRI A AR R 1 Ak
WA 2= R cE I A AR FH B DA TR ) 5 5 T R o 52 A4
BN ARG, B AT 1) “ T8 BN
AR, RIEE S IEH . SNBMMEN &)
()53 5 AR A M B B S e 1 AR A4 1) e ( Ak
WAPAAE 2 P ) (1) A% ik 75 L 1)

Receptor cell
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Fig. 1. Exosomes-mediated intercellular transmission. After early endosomes (EE) gradually mature into multivesicular bodies (MVBs)
by intracellular transportation, some MVBs may fuse with cytoplasmic membrane and release their contents as exosomes to extracel-
lular matrix, and other MVBs may fuse with lysosome, and the contents are degraded and involved in recycling. Then these exosomes
enter the receptor cells by endocytosis or recognition of specific receptor patterns on the membrane surface, and release the “cargo”

into the cytoplasm of the receptor cells to play a role in signal transduction.
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AN AT DL A B R IR 2 A2 W) 4y F, W DNA
Jr B, circRNA, mRNA. miRNA. IhfeE .
SRR, I IR B 4 M 1845 AL 3 B 1 s
AEWIEERIERERIEZ TR Buiks+, M
Z 5 Y1 ffu (8] (45 B SR SRS #e, 182 Fh Az 2
B R R B EEAE A - Lhngn i . A
TR, b RIMEHA. FERE. PR R,
R (R 255, I T AR A oK B i 2% 2 TR Bl 245 ) 2|
RS R U

2 SN RERFEII RN EER X

HMIBARTE IR S R BURME . WA RS ME N
R ThRE S T R PEE BAE A M. B R R — R T
FOARIA 250, JLARRE AR R 5y B 40 20 Vil JR 5 2 1) T
REZEAL, AN AR IR JB B R ARUA TR B ZAE X dik
Zo JRBRL . VLY EUIG T A S B A
T 3K 6 35 By 2 8] [ A2 U0 A% 248 R 7 26 R A 2 1) R B3R
U R R A A SR LI LA A . L A A
Hosn ™, B RMPUREE, RS B 4hAg
R, AMBENESRGESEANRMRL, X
S H1 I AR S AR P A, O 1 gl Tl Ag Y,
AR PRI 5 A 4 51 A I A T RE RS (1 B 1

BRI S5 AMIMA R R REZ B2 KTE. W
R, SNBERZ G 7R S RIS KA
R, EAURT LA JgmE PR 5332 WA 23 391 6
FEIERRG, ETE R R VAT I A MY,
L (10 2 T A M WU R A R T R RO Y, A
TR PRI AR AL TR T SR R Y
21 SN ERBRERRAZHRNXR

B I B A 2 SR B 2 M ORI, JBR B SRR R
Ky B 20 52 PN Y5k B A NS T 2 W — A e B
Kz, S5RATHRE, #Rmfmra . s
Jik Iy R B A 5 R BRSO 5 B A
miRNA (1] 40 A4 B B 4 B oh, I 7T 7% 7% 21 Atk
ARUGHAS B B P R, A b AA DA 43 W R 5% 43
W7 GRAE L, AR 2 4R 1 e W R P - B
JRE S Z AT T I A e 4 A K S A
JH R 1) A A B B 5 R A B VAN i R AU
4 (homeostasis model assessment insulin resistance index,
HOMA-IR) 2 IEAR DG "™, Jf Hax 2841 i s ig s
T AR FA) 471 8 A P 455 s 1R e 1k A 15 B A S g
R BURMEAR G " e AR AT 1 B K U R

Il 2 S AT . — R IR T RERAR s S

Tl 30 o T i B 2R S B4 B I B AH BLAE g AR,
X PR 7 2 RE % B B RS A g 5 RS T R

JiR B 2R 5 A S 1 ) 2R 3244 (insulin receptor,
IR) 45A UG G 2 BRI, AT S 3 48 i 4 1Bk i 2=
ETEM. P5EENE -2 (calpain 2) 52— RGO
HER, EAUEE TR, (HALZ T IR
WEFERIE, ERERIEAEERED, mesRE
Ho fERPEFAET, 4HM WM N 54 calpain
2, iXik calpain 2 15 DL Bl - 40 4 4 T 44 e 75 21 4
KA 25 18] s FE4H U4k, calpain 2 7] PL7E IR fl 4k
gh I R R ER AL R B A IR R, N
AV R E A2 4K (soluble insulin receptor, sIR) ; N
— PR - 23 WA A7 BT JE Bl IR A 20 MR Y 1) 43
2, IR E 20 MM 535 20 MRS P 50 2 ) e 82 3 22,
i 2T B B 2 AR Y -1 (insulin receptor sub-
strate 1, IRS-1) (%)% 22 B2 o W2 A0 A1 25 1 B B (Akt)
WP AL 32 2 H0], 31 T BUR & 2= 15 5@ g 24,
g1 R MR B P IX Wk 2 2 BUBE IR (type 2
diabetes mellitus, T2DM) £ 3 [ sIR /K 5 i 5
FHURME R AAH S R . = BUNTRT BE IE A2 RN
AJ LLA R SN IAA BT calpain 2, 4 IR 404 (it
%% calpain 2 1 y- 43 WA B A& 42 ) HET PR IRS-1
Akt FEH, EHREIRBRES, MNEWGR
By g lh, SRR R EUR . Rk ) A A
(It 7 S Bn LR BT — R S R ARG F LR P
2.2 SMibESRE S RER RS RIERN~TE

1 4% JR 95 (type 1 diabetes mellitus, TIDM) Fl
T2DM —3& A A F R BALE] « TIDM /& H - 7
AR B R A MLIE T R, B EUR S R B IRER
Iy 5 T T2DM 3 5 Ay e B T B ik B 3R
AT RS FHKPL. R TIDM 1 T2DM ) & 5 Hl
Hjam s, (HHBURE R R, WEAE, gmit
JEANFRRE BRI o ZF#A thst A% 5 i A
W AL FEAEH SRR, RS ERER AR
T2DM w] LA ABRAE R H #5825, 1 TIDM Hi o) &
BT U S B B PUARBH I B N R
#7r T2DM 8835 7R A2 H n] I A 4k R 1 1 H & H i
HRE, T TIDM ] aZr H B AL E R R 5 = 4K hT s —
B S g RGN R GE 2 I AR AR Y,
HAE IR, 121 200 2 MR R 1 3t [\ &
PP O, AN N A 4% RE FIRE PR
(R Tk B9 e Sk E B G 5 K Sh W (1 15 5 1) 78 )5
T4 il (mesenchymal stem cell, MSC) B&Jif =42 4 5
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PEAMIAAA, H BT TIDM KA B, e gk A 2% 51
RNE VAN IAAR T BE AR 28 RE 1AM A BFVRE TR, I
# T2DM B2, 4 m] S84 B i B R AHT U
UEAE R S BUR B RZ I FESOR R &R, 4R
B2 A BE 73 b 2 106 PR R B 3% DARI 2 i 5 2 U
FEARET, TS T2DM [k 4E P,

2.3 ShiibiE SBERA 4R LR MR AOBR 5 R

REMF A SUE —FhEh AN W aRE P, %
R DR 7 O Bl AR DR AN R i1
ZORATT &SR EMNERS P B RIPTE T
5 TG 107 20 B A WA B AR D% . LENE PRI T HA B4 TR
5 Z AU N TR v kB0 EG AR iy & i T DAL= A= bl
A%, X LB AN AR FR A i 44 (adiposomes, ADEs) P,
ADEs P& 1 Hl Bl i Ik LI 4 o 2 I HE A IX
Al LR WA AN 50 % A BRI CD73 ZK Al 40 i Y
(1) cCAMP, DLt SR BH Wt cAMP T 4% S (1) AR AL AR T .
ADEs F# K i A5 44 i 15 40 i 23, B S5 H B /N
JE T A M A, [T g 07 R I A H 3k = i ) ik
FE PR AN H I =B i R AR e B R i 4T
P A R A ke 3B ADEs Y, 251
A% s ADEs it 2 517 5 40 3 £ AN i ik 9 e
YHRE T BT . EH R T 4L 2 P B2 4 R S 1) i
A S MRS, v AE B I R o5 ok if 2% B4 o
AL BINRMTAM R, 1 5 7 4 A% 0 4 B E TR AR
AGEV YT, X 78 7 Ui B s A4 S I DA
YRR R R Y Bk B CD14 RikB
£ (#] ADEs 5 T2DM JAUK; 2 Fi AR 56 B,

ADEs W & & K %17 000 4~ mRNA Al 140 4>
miRNA, K5 534 i 7 40 AR S e o0 S ek 25 TR 2
A, HFEEFESMAANAE X, ADEs LI
WAER PN 3 1R 7 SRAR 3 RNA P, 8BRS i 300 J6E
FARPUIEE NN ADEs T4 () miRNA R i5 # H
XPTARRARERE T B, frlidfid s 7R
A miRNA #E—25 4% 524k p 40 B, B &Rk
R A s A R (B AR ) (R4 i P S TR Rk BT
TERFNEA,  RRAT4E4R i K K1 21 (fibroblast growth
factor 21, FGF21) f1E A /2 Jk/b> miRNA, Q154141
R miRNA 7K 225 R B, JE R A WA A Hh s 324
miRNA 7Kt 45 58 25 N B B, 8 4 bl it & 8 F%
0 1 A 1 15 2H 2R A8 B 2H 25 R 8 e [
ik FGF21 AT &6 70 Pk 2 3A miRNA (7K, B
i % P & P B T b0 T miRNA ) Dicer B 78 i
PR RIA BB R IS K RIA NI B — B

B N 7 K5 54 Dicer P2 15 /1 BROG S0H0 B B R iR
o B, W R A ST miRNA 335 KT H
B N R S5 A0 IR AW R .
B, XL AT e AN AN 2 PR A g 7 48 A £
L, AR AT A B VA Tk
B B R B VLM i E 95 S I ADEs, ADEs 43 it
(1) miR-27a fig % 11 i) $ I PR ook 4 A0 420 I Ak 8 B 47
TS24 v (peroxisomal proliferator-activated receptor-y,
PPARY), 528 H AL & P sz 1 1

B 7 miRNA Z 7k, A 1 15 s oK I A 17
T 4 B ke U 1 A1 WA A4 By AL 5 1 K B AE 4 15 RNA
(long non-coding RNA, IncRNA) ¥ i & & T+ = Y,
TMAE T BRI T A S IncRNA 7K 2 T f& 2,

ADEs it & & IRHcZ, MNEECER 2 R ae iR
AHRR S WA R 1D IR -, ELEATT S MR A A i i 2
i S S =1 S =GP0/ N DS = b
B AU R ITIR 4 & B (aP2) 1E IR I B
T I R I AR 2 B AR PR AR AN [ ZH 22 i 9 i ot is
By, HMIAAAR N aP2 ZKS-AE G 7 53 AR FE RN B2
FrEre RERERT, i B 4200 i & 25 A S 40 g i o3
fr= B HPT, TGN aP2 (), S EU IR A
e o R PR B, 154 Sonic Hedgehog
(Shh) 72 — K /MR AR EREE, /£ T2DM &
BRI HM A Shh FIA TR,  BRE I E 2 A
s F N T, I Peh/PI3K {5 58 A § M1
E A i ik, 330 5 200 7 4 e e s H i
HMIMENIE B — SR T R E R, W A
BEIR T o (tumor necrosis factor o, TNF-o). =14 i
FETE B ¥ (macrophage colony stimulating factor,
MCSF) FI) 5 % 45 4 45 4 4 (retinol binding protein 4,
RBP-4)"" %5, 44k JR 93 £ () ADEs 233 14 b
BE—HFFENEN, RXREEE 5S40 A
FEAR AR 5% B9,

HBr 2, ¥AENHA SRR E, gk
RIEEFEM TRV B N B 3G 2 sk, Xt
NG W7 HZRAME R 2 BN A, i B AR TR
0 IRl ) R, IR R AR AT DA R B R 15 2
T4 AKT @R 1L ™ MERFEMRE M FIIA
JIE I 2HL 24 B 5% 7 35 v 2 B R ) b il A i PR
20 B T A i B 2R/ 5 () AKT B IR A R B R
i H At g 4 R ) B g B

Hg i 20, 23 18] 78 5 T 40 i (adipose tissue mesen-
chymal stem cells, AT-MSCs) B AN A VG 7 NE ik
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AN E AR TGS TS S R EOE R T -3
(signal transducer and activator of transcription 3,
STAT3), 55 M2 RUEAHIE I BN, oo
R RBUBNE, JIRIEIE, O AR AR B T
Fes& MSCs,  HIAR 740 LA A AN 40 A 2H 1
Z /N BCE BE R 78 BT 41 9 (marrow mesenchymal
stem cells, M-MSCs) B U1 7 bR 7] DLATE AR Py A 44
HhPE A B AP, miR-29b-3p (% & 7E M-MSCs
FE TR A1 WA R B R 38, T 1 miR-29b-3p A LA
DEMERS R, B2, SNBAREEER—
T (0 IE T A PRl R i 5 SR BT A R
2.4 SMibEPImMiRNA SHERR

FESMIBR I & AN NP, miRNA 2 —28
JEH F AR gm Y RNA (AL 19~22 METH
P2 ), BH R e 45 16 1R 29 70~90 AN B 4= K /N (1 B
RNA Hif&£1d Dicer g T A pii. ETEE S
mRNA FE 7] 45 45, 1% S 4 B A 5504 o) 3G 8 1 B
W R W], miRNA 784 bR 5L ik T 3R 26 5 T 1
FEARCR R EE,  HL L8 UL DX 52 AR 40 i A
AR B0l A AR 43 WA ) miRNA A DL
T B RBIT I ML, K B 0 58 55 10 PRI I A9
HABAEE T, ATLLA S miRNA FURETEG I 520
SR PR AR, X4 T PR 4 i ) 3 VA B A
T RRS  AufmiEE B

WEFLR ], R Uil 0 Sl A b 5 miR-375,
B AE AR IR 5 3R 20 WA LA RBR B T . miR-375 &
DHU LA AL BRI R A 73 3 SR A SR et B
PEAE S ) miRNA 2 — B ¥ > miR-375 45 L
A LE, A RS o W Z . FERAENE
AR CH g 2 Y 25d Rk miR-375 B,
R WA H . WAWT KR E E (myotro-
phin, MTPN) & miR-375 f{J/E F #0210 Y AR 2140
r g3 S H SR I 4 R T R A 2 S B
BRI 52 A BRI B 2R AR PT, 3 48 A1 s A i 3 48 o
miR-155 &2 [ £ F T~ 72 Jig 197 40 M v s 235 1K) PPARY
K BEAR ALY (5 G FRME ) DI 12 2% sk )

A1 JE I 5 8% 41 9 (peripheral blood mononuclear
cell, PBMC) KI5 HIZHARAEFT LA HE A AR B, Y
I A ) miRNA & Cf# % K7, CD34" PBMC
TEAFH miR-126 £ ML A B 4 b s 2Rk, 2R BH
Wiz AN RE, 2 T BUMLE A D RE 2 . IR
I H%% CD34" PBMC H1 miR-126 [ 35 B4 ids i if.
EHERET RN Z R . NG T2 SR R

FEHH 5% (R AR AR P9 miRNA « 576 %5 Bl i 52 A B AR
2% K miR-27a-3p. miR-27b-3p. miR-192 Y, &k
PR32t AR < ) miR-122 19 5 iz i ifi 4% o1l 475 o K%
G IS let-7a let-7f 1" 283X AR A miIRNA
TERER AR 32 R4 T o Y

SR1M T miRNA 7] 8 2 5 2 AR 2R 21 2
AR, DRUEAR AR A B miRNA A 5 hpks 2 2B
2hrd&, XWRH T miRNA FEIEKFP R A
T3 I R R SR AN W R AN 2 S0 = B R s
R UG, R A R 7 PE 1) miRNA A9 % hr &
FEHAAR Y,
2.5 SMiMESTIDM

AN T1IDM SN ARAL 182508 5 3 TIDM
(1 I3 5 2 1 A A, H TR EE Y miRNA
Z50UERE I 3 B s A mT DL 4
Ja R, BB RO IR e & AR A8

HNIAMA S RO I BRI T, T B R
TR NI R % IR A A R 5 (non-obese diabetic,
NOD) /N B H & %% )R, A NOD /) 5 B A% 7
Hr JiE &y (islet of Langerhans of NOD mice) H 43 & H
Y MOFEAT PR AMEE FR, B 7R 0 IR B 0 R FBC ) 41 4
RE200 B 1) PR S A Al i ek T MISC AR i 4,
AHE CD105 AIF4faHiiE -1, X LLfE 5 MSC F£41
IR T e T e 92 B PR A A AR, AT LA NOD /)
B B e B 4R ART T 40, 5 W k44 NOD
N SR, BRI REENE, TR
NOD Wl 35 /1N B 5 s 1 fik 2% 20

miR-21-5p 7 F A % 4H i B8] - 4 B T 441 A 55k
Ky 2 B R TSI A WA AR s 4R, 7E TIDM B 3
NOD /s B i 5 H 340 T 1, a3 i ik & 32 R 40
AT B, WX R DAAE TIDM [k B3R
R AEAE T, AR A miR-21-5p AT AE A —
T1DM E4brE4 .

W FR 73 1A 28 3 M7 AN R K P AR I T3 2
y 7= Sk L IEAE G, CD105" 41 R BR T
TF TR B 4 AR 1) A0 ] DX 3k, (i A bk B 40 R
CD105" 4 i 34E N g 5 vt X sk (22202 B 4lifeX)),
G UAAR 1) o e AR T BONE R e 1 B # M T 4 a9
B, RN T 40 A S 00 S 4R B BR P
T 55 TIDM Z4E 1 B 7 B A5 B (1 AN R R I,
A ) miRNA F£i& i, 40 miR-25-3p ; 45 /) miRNA
ik N, 1 miR-16-5p. miR-302d-3p. miR-378a.
miR-570-3p. miR-574-5p 2 181, b iR i e fiff 5 45
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#RF-4K TIDM BIIEYT Bt S gt 7 0.

JiE Sy aH M AR V89T H B et TIDM A 2
Tk, RERE N s S T R T I R A A o 1 Al
S X 43 i B4 M A5 A5 — IR S R ) 92 R 4 s
He R BHAEAE W E, RPSNMATTH TR S
ML WA 2 bk

M MSCs #1435 Hi H AR B S % 15 E R
CIRVS RS il vk o W O -t 7 B | O
IL-10 {5k o R B Dhae, BRI mT % A 097
TIDM ", (HRX A i A FREE T
M-MSCs HH B 7 ih ik B ek FAEAE T, I
7E TIDM & # HHIX Fli Ih RE 52 41, R WX T TIDM
BRI, BAREBET AR A A TR R
AEIE
2.6 ShiMEST2DM

JERE B A 22 IR i A7 T IR 5 B4t i 11 Jik I 3R 4 0k
ORI R AL R W, R 2
M 1/10 ; 7E/R % T2DM B lEIR T, e
BEZ RS R8N Y. IEH AR A b 1k e g it
JUR T ok B AR IR S Vi R B 2 IR T R, {H 2 T2DM 2
TR AN AR 37 AN AR U B ARUE R, H C
ok EE A i B 2 R 5 1E H AR TR T

AN AIERT A T2DM SUR M EEAYEE . 4h
AR L BT #5451 miRNA MRS 7 20 21 28 5 1f
BIER BRI, X R TR TS S
() S ST R B4 S50 T T2DM 5488 6 1 ZHLI
41 la) i@ i Y. T2DM 4 1 2% miR-15a 7+ 5,
EIEIE S B AR S R A PR E IR, 5
MeEE MG, bR b, i) miR-15a TR 2
JET 19 5y B A oy WA AN IR, miR-15a Tt & 5
) AE F T Akt3 5] 2 S A0 R, 3k 5 S0 A 0
T2 ", miR-126 F [% " 5 miR-192 FiI miR-193b
Tk UV #0% T2DM B IAFEHIAS 5, M Al DL
WG XS 32k . EaR I se 1 B 1 5 5 4
JL 3 W FF) A1 A R R A5 1 miRNA BL 5% 3 WA (1) T
SO B A ThRE, HiX PP HL7E IE® AR T2DM
BEZMEEREZERHT,

Fi4b, T2DM B FH G SN A 5 1) IncRNA-
p3134 (7K T-4E T2DM #3%, H 52315 5 F1
HOMA-B 7K~FHHK, #F— B 58 &I IncRNA-p3134
AEIm (2 2k B 40 SSBE #5 K 7 (Pdx-1. MafA.,
GLUT2. Tef712) [f13RIE, IF [a) i 44 I 0% il ik ok 5
Z W (glucose-stimulated insulin secretion, GSIS) 1)

AE, DLW S B 40 IncRNA-p3134 B8 4L KF
Py Fads 7,

T2DM A Ay — 18 AR B 98 hE Mk 3 7,
P I B G AN R Y R i B AR SO R AR
TEAE N B2 BB AL 8% X R A AL 5 B Bz 4
JEURT BAAZ A0 0y WA AR L TR 1, IR RE B 31, T
T 20 i N &6 B 43 F (intracellular adhesion molecule
type I, ICAM-1)™ ™, 33 i s 92 41 fif 286 P AN 5% 85
P& B E. T2DM B3 1) MLBIE A T ICAM-1 7K
ST B, IR P R 4TS Ak AR A B P Rl
PR A% 20 TT LURE B b B, T s A ik Ak
VAT A R A R A R DhRe, T H S5 N
F-5 e 4l 2 R EARE AR ™, Xt m Bl g
P R A A AR AR A R . AE R A
T, R ORI A IMA I B ) 2552 B T R
mi B0, HL ANk 5 T2DM S8 FR 93 AR 9% [0 1
B IR 1 A AT RS A ) e R P

N TE) 78 J5 24 i 73 W 1) Z A f (human umbilical
cord MSC-derived exosome, hucMSC-ex) RJ DL i i
e A JE L I 2 HR U R AR B4 T R T OR 4% il
T2DM. hucMSC-ex &4 1 IRS-1 ff B 1k ( & & R
A 50) A1 T2DM Hh Akt Bk, (i 1 L PR 7 26 4 e
12 -4 (glucose transporter 4, GLUT4) [ 14 A1
Bz, WA R A7 R 4 R AR A Y, U
hucMSC-ex A fe i AN T2DM 11— MG T7 F .

ER—JiH, AR ER, WK H LS
it FLA 5 o R S A miR-29b- 574 S JL L (branched-
chain amino acids, BCCA) i& % /i & &1L & & il LA
BCAA mTOR i g &5 2 45T, 3wt B 7L il &
fRI4h e T2DM ¥ FE R 31 5 10 T miR-29b 4
A E 2 =R R M 4 WA A (secreted
protein acidic and rich in cysteine, SPARC) Fl F§ miR-
148a 4 5 1) 40 1] V-Maf L J5 21 24k PR 987 e 256 (5] [+
P54 B (V-Maf musculoaponeurotic fibrosarcoma oncogene
homolog B, MAFB) #fsi] LAidE ik 384 i i J53 /X 23R B
S0 B YR T A R R s
2.7 ShidE ST YRPERR % (gestational diabetes mellitus,
GDM)

GDM 2 U gRIAM 9%, J&ME PRI I 5 —Fhk
. EAR GDM M TE S R IR IR W, (HIER
SUTTR] AR 75 SR 0 BORE A R 2 Bk P . B JIE
JEMIR AR 2, GDM IR 8 5 A& W i n, - JF
SR B EARM R, NI 52 213880 IR
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WTIRBE M 2 & A R AL i s B s R A
T BR A% 3 2K (placental hormone, PH) £ P [f] —
BeR 2 5B R IPIA GDM K AEH <. SR,
TEREANGEGRIAN, 1 pH /K15 BEAA fig 1 21 U
FERA R BIAH M, X SR AT e e A A7 AR oAt oK
PR IHLH] P,

HE 3 BT IR 6 & S 5t 1m) B A48 1 RE A W A4
I 52 B S8 5 e A IUBR FE SR IR R, S a4
JREAREEAR K. Mo Rk st 1E 3 i 4 & & FEE
R 52 BAA EEAE R . AR 8GR JE BA AT G Ok
RS H 2 R MK AN AR IR BE . Bl A SR R 2 L 1
FEK, IR AN FE W s, HOBRA I 2R A 43
BRI INBARTEAR SN B A ENE, Rl W EEH
H5¥AMMLE G, S54E0RE 505 R v A1 AT HAE
5 P, GDM 5-H 8 UK & R IPT. GG AL A
AP A 5 U7, X e g IR A MR T —
R 5 15 i B UL B 2% R M A DG 1) miRNA,
HEATERR S P6 IR A 1A R % UL A 2Rk — 2
GDM ) i £t S il A4 ] {7 LA TF 6 Jigé B 3% B 1Y
JR A B VLA LT % PO 28] B H % T B, SRR iR
AN AT BEAE IR IR gR AN GDM Jigé B 28 BUSME 1)
Ak b R IEAE R . 1 GDM B3 8 24 A A4 7K~
mFIE® N, GDM 5 & pE 51 & i iG ) LIR BE  B
DI ReREAS A 5%, GDM fiTA: (1 /A4 B A P9 B2 44 g
R CE 2 e R P, B2 57T GDM
ThREBRRS as adt  ©Y

3 Mk s SRR B R ERHLEH

B R 2 I R LS (Bl bk ok R R AL ) S Ak
MRS (PR AS . B A 2548 ), 1] &R
MG BEEMBEEME, RATFHIEEEDRE
oy BT X AN A PR 7 AR B B S TR RO R &
FEM &N 2,
3.1 Shibk SRR L IMEH & E

JiR B Z0 T O RN 1 . AR K AR & e L,
DRI 52 453 1) Jke B 3R A5 5 ZE 0 PR o ML/ I AROE Hh kS
FSCHEAE A U TR PR P O L I RRE S B IR
o B FBURMPE T 1) R BRI IR LI RIE S5 R 5
FHPUAIM AL E VMG, T AR SRR R0 E
YRR 2= 3 WA %% E O IR AR AR, DR 2R ST
GEAREI AN ] RE S 5 G PR 14 Lo L9 A2 (diabetic
cardiomyopathy, DCM) 7 P it 0o 1L 5 5 95 O #2 2F
HHLA U R A A R R RE B T AV RS

SRAIGTTRE R O LB 1

FENE PRI, e B o] S B R Al A T
RERERg U1 A5 N WL A= Bl 2 1 2 4 AR
993 O I A7 07 11 S LR VOO, U P R 4 e
O LA AR Th RE AN 45 # b R 2 S AR D 1S 1. b
A PN A R R 9 0 ik ke RE AR Ak 1 S0 IR T T
PRI db/db /)N BT LT A A A 4 T8 5 /)N BR 32 Bl ik Y
e AR LG A T TR E N R DR, X R
1 A2 H LT S AR K 2 BRI -1 (arginase 1) %1
Y TN B At 3 sy UMY O LRI A PN 2 4H Y. (cardiiac
microvascular endothelial cells, CMECs) B ] & &
7L 2h%) STE20 [iff -1 (mammalian sterile 20-like kinase
1, MST1) [AMSARLE SN B W7 T BAA 2300k, W]
DU TR 0 PR T, 400 4 R A . i
PAL 2 248 B 4 A 1) 7 8 A5 i A 52 1 miRNA (401 miR-
214, miR-143/145) ££ ML Az FSCAN T Bl Bk 545 4 A58 4L
R R EEER U,

O JULZH B SR R 19 A s AR 455 % o0 /AR (cardio-
somes)"", EHAFECREAZLER. & A FRER,
X LEHER] DU RS 24830 0o I P 57 40 B 5 3 15 1)
fE 1O, MAMLZE T miR-455. miR-29b. miR-
323-5p Fll miR-466, IX & miRNA 7] DL 45 & 5] & )&
& A% -9 (matrix metalloprotease 9, MMP9) 7§ T if
HERE, P DA a4k, SO LA B D fd ARG
T AR 3R 00 UL A 200, /N AR W] DL 4 1 2 4
i 1) R e U R R T A D A /I A e
miR-1 A1 miR-133a & & &, MiXL% miRNA 5
B R 0 LA B OE A 2 Y D NME BT E S
HSP70 7L LA 0 1t ERK1/2 AT HSP27 5
SHPLIERIE TEeE s I T2DM |, SR
/A HSP70 2B AT AR B4 0, AE 0 2% 25 5600 I 1) £
P4 UL SR R PR O /M T TRECR R T
OO LR BE, nJRIgR B AE TS U, R RO 0 L
BT T RE A HH O UL B 23 A P L7 AR I A
sl 1,

FAh, M EEFR4E (vasa vasrum, VV) IILE A %
FEANAT LL(E it T2DM S FERE AL B2, ADEs
Z gt gunEAE s, —HoEgiE e
VV ME AR, 55—k ESCRTie 2 i s sk
PN ) Shh 28 1 SR 0 50 B 14 Sl ik ol R4 12

Rk, 6F 3 PR s PR O ML B8 A SR h, A Ak
AMLBERAE NI AR EY), T HBRARITE
., REEAE VAL s B2 RIS e 2 W R B 2R A5 5 o
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3.2 N ETERE B R

B R 95 B 9 AT W PR ) 7 B R R, R AR
B R LR DR o v B SRR R /N BR AR R A SRR T
(I AR AN S R AT A5, S E50RE s s 1Y

HNINN, SN E B PRS2 R B B
R 7R T b S BORRE PR B s S VB PR 1S A8 Ak, I
LG P B WA o s A A 3 g A B e e i i 1 g
i, T Aot A ) 45 SR O s U W PR v
PR AR T B 352 FiiE A i, HA s Bz 4ii
3 UA TR PRAMIAAR WTL & 0] DAAE S — i - 4
B DRI B 4505 AR R N2 hn 8 1P ol sk
& A /bikunin R & (a-1-microglobulin/bikunin precursor,
AMBP). 414 A #fi Z B2 T 2 4% 7 B (histone-lysine
N-methyltransferase, MLL3). Hi & 4% 86 14 BH 25 1 i@
18 % M -1 (voltage-dependent anion-selective channel
protein, VDACT) & A F SR S50 A bR I 15 o 5 100 e
e dadn 77 R IRE IS (leucine amino-
peptidase, LAP) & k3L KR 4 (dipeptidyl peptidase
4, DPP4) 7K1~ & 5 8 bR 5 s 7 EE R L a5 D) AH 5%
HNIE7/E 2=y TN

TE PRIE e 6 B2 5E A7 AE (1) A Wb A4 J FL T &5 1)
miRNA &8l JR B o & R bR &, 72 R Jm AL o
REBEBZAER ., E/NER R B4 (glomerular
mesangial cells, GMSs) B 1 # 44 1 ) miR-130a.
miR-145 J 4 A HURE 55 8] & B BE 52 I AR % B,
T2DM B i S 5 JR R AM i A& miRNA 5 T2DM &
FAALL, miR-320c FiA S5 Y, wapbd@d
S EEILEE BUREE -1 (thrombospondin-1, TSP-1) 5
e TGF-B 15 5@ %, Z%I8bs A E1E N T2DM B i
TRk bR &Y, FIF T2DM B (7 v 12,

LT L2000 xR R B e LA B A A A R,
T MSCs SRy B AR AATT DL & |, 3 008 S
Dine, BEBEHL, & —FiayT iR B T
w5 PRI (urine-derived stem cells, USCs)
3 WA ) A AR B A% L 1 B A 858 v oG 2 4 R LR Y A
F, A A MR T, (R I P A R A AR
I8/ W PR B R BB PRI HEH S 3K 330 BH s A4
H#% 5 R0 B A R R e 7 U TR R T
ZH 0 (adipose-derived stem cells, ADSCs) i i 4k
& (ADSCs-Exo) %1l #2 = miR-486 &k, T
W Smadl )R IA k4] mTOR HI¥EE, S ECH M
o, Jb AT, R E RN R, GE
B PRI B8 BRER P RO, AR B RE

T F5 R 97 1 4519 1 A I P i T
3.3 Shiirk S PERRE{L MBS ZE (diabetic retinopathy,
DR)

DR S H R 9 I L A8 I RORE, A& U AL
B 2 I D O, PR I I O AR A AR
I RAE 5 DR ™ EIR I 41%.

IR, RSN A 4 N F (RANTES
Al Ang-2) 2 55175 DR {9 fE fIFE 7. JE & B
I 43 WA B A AR H S A miR-15a, B HTLAE S A
Miiller 4ifif % 7% miR-15a, BEiMi#E[E Akt3 S EA
R, SIREANME T, B B T BE IR
I3 JIE J7 4. 2R A 43 35 1) MSCs B i #1144 P miR -
222 FRiEKF S5 MM S EAEH 2606 Y, &F
IgG (1) M A AR B 8 BUAMA B 7% . 22 55 7 DR
o ERE 1,

3.4 S tEERERRHERE

LR B, M-MSCs 73l I AL R RE B8 15 2 %
TP ORI B R 4R, W H O ReRng, Ui
AN BEAE F 9 — PObE PR 10 22 0 T () BRAR R T T
B U, 5 X 5 (an enriched environment, EE) ¥
WA VRTE M-MSCs 7 W5 i) 4l f P9 miR-146a L,
R PR R BRR i w52 453 1R B2 T e Joa 4 i EL A B ¢
VEF, AT TR B bR BT 512 AN A sh g4t 1,
3.5 ShidESHERFEERAL. BRIFERE

B LA A ALE 1 IR R £ 51 S B R & AR
A NI AL 55 3 Wh A% 38 77 R T B B L N AR
AU SN TRE R ARIR A 5 A A Y ) miR-16 2
5 Re &5 & ) MIN6B 1 41 i A1 55 i B9 i AR 4k,
F 4% Ptehl 25K, NS 5BRIRE *. 5%
SRVR B A AR miIRNA 7EH . Fp R AIRIAKF T
HAFAEZE T, BEOT IR 32 20 WA i 5 3245 5 I S 1)
A AR miRNA 7 T2DM %44 F k4284, Hod
Wt {55 38 6 1 2028 2 iR ) g 1

4 BES5RE

BT AN [ R BB PR I PR R I 5 4k, A
WEE B AT S50 = F BUCTE S S Hiok . TR i i
5 33k ) 5 b B A Sz s s HE AR 2R AT B0
B RIAREY), R FPAR S8 SO R B 4
TE S A3 U9 B R ok A A A A2 B 0% 45 45 3 ot %o
PRI S8 A ) AR B TR R M MY, AT @ ekt
MR R . BRI AZRSE N B WIEAT S HT
AT BE % a0 AE 3R B 22 Ak (R EE LR 1. 2),
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RIS, SMIARAE D 23 ) R AR N IEE B A B AT
MFFIRS - ERBMBIEL, RREIER, Ry
T B M 2 1 PR B Y, K A A
FES A A A (37 B I TR, £ 0 R B AR K

FasetE, MR mT " mar T, AR
i 7 ok 5 I A R B T e K ELAR R NI B T
DL FH 48 5575 3135 i B9 RN (enhanced permeability and
retention effect, EPR) 126 ¢ 1 1 [a) JE Lkl g 24 2 A0S

RSP BLARAR A Fr I B S A EAE R ¥ 8

Table 1. Exosomes as a novel target for diabetes mellitus and its complications

Source of exosomes Bioactive factors Disease model Application References
HepG2 Calpain 2 High-glucose conditions  Treatment @01
Mouse adipocyte Caveolin 1 Obesity Treatment 1331
Human/mouse adipocyte miR-125b/lin-4 Obesity Diagnosis B
Mouse adipocyte miR-27a Obesity Treatment ol
Human adipose-derived stem cells GASS Obesity Diagnosis [
Human adipose-derived stem cells lincRNA-VLDLR Obesity Diagnosis [
Human adipose-derived stem cells MALAT1 Obesity Diagnosis e
Mouse serum Adiponectin Obesity Diagnosis [
Mouse adipocyte ap2 Obesity Treatment el
3T3-L1 Shh High-glucose conditions — Treatment 7
M-MSCs miR-29b-3p Senescence Treatment B2
Mouse pancreas miR-375 Normal Diagnosis/treatment %"
Macrophage miR-155 Obesity Diagnosis/treatment )
PBMC miR-126 T2DM Diagnosis 31
Mouse plasma miR-27a-3p Obesity Diagnosis 164
Mouse plasma miR-27b-3p Obesity Diagnosis 164
Mouse plasma miR-192 Obesity Diagnosis o
Mouse plasma miR-122 Obesity Diagnosis 64
Human/Mouse pancreatic B cells miR-21-5p T1DM Diagnosis 166,671
Human plasma miR-25-3p T1DM Treatment 1681
Human plasma miR-16-5p T1DM Treatment 5
Human plasma miR-302d-3p T1DM Treatment (e8]
Human plasma miR-378a T1DM Treatment (68
Human plasma miR-570-3p T1DM Treatment (81
Human plasma miR-574-3p T1DM Treatment (681
Human pancreatic B cells miR-15a T2DM Diagnosis 4
Human plasma miR-126 Prediabetes Diagnosis 73l
Human/Mouse plasma miR-192/193 Prediabetes Diagnosis el
Human pancreatic f3 cells IncRNA-p3134 T2DM Diagnosis s
Human endothelial cells PAPP-A GDM Diagnosis 81
Human endothelial cells CAMK2p GDM Diagnosis P8
Mouse serum Arginase 1 db/db Diagnosis i
Mouse cardiac microvascular endothelial cells  MST]1 T1DM (STZ+mouse) Treatment e
Human/Mouse endothelial cells miR-143/145 Lipid loaded Treatment )
HMEC-1 miR-214 Senescence Treatment e
Mouse cardiomyocyte mir-455 db/db Treatment (1201
Mouse cardiomyocyte mir-296 db/db Treatment 1201
Mouse cardiomyocyte mir-323-5p db/db Treatment (1201
Mouse cardiomyocyte mir-466 db/db Treatment (1201
HL-1 miR-1 Lipid-loaded Diagnosis (2t
HL-1 miR-133a Lipid-loaded Diagnosis (=h




926 LR PR2EH Acta Physiologica Sinica, December 25, 2019, 71(6): 917-934
FSE T3

Source of exosomes Bioactive factors Disease model Application References
Rat cardiomyocyte HSP70 Gotokakizaki Treatment 1221
Human urine WT1 T1DM Diagnosis (261

Human urine AMBP DN Diagnosis 28]
Human urine MLL3 DN Diagnosis (27

Human urine VDACI1 DN Diagnosis 127

Human urine LAP T2DM Diagnosis (8

Human urine DPP4 T2DM Diagnosis 28]
Human urine miR-145 DN Diagnosis 186l

Human urine miR-130a DN Diagnosis 581

Human urine miR-320c DN Diagnosis (0
Adipose-derived stem cells miR-486 DN Diagnosis 34
Human plasma RANTES DR Diagnosis (37

Human plasma Ang-2 DR Diagnosis (=7

Rabbit adipose MSCs miR-222 T1DM (STZ+rabbit) Treatment 1381
M-MSCs miR-146a T1DM (STZ+rat) Treatment (1401

Mouse skeletal muscle miR-16 HPD Treatment el

M-MSCs: marrow mesenchymal stem cells; MSCs: mesenchymal stem cells; PBMC: peripheral blood mononuclear cell; TIDM: type
1 diabetes mellitus; T2DM: type 2 diabetes mellitus; GDM: gestational diabetes mellitus; DN: diabetic nephropathy; DR: diabetic ret-

inopathy; HPD: high palmitate diet.

Liver

‘ Calpain 2

miR-27a

miR-1 25b/|in-4@

Pancreas

@ INcRNA-p3134

miR-21-5p
miR-1 5a .
miR-375

Skeletal muscl

caveolin1 MLL3

- ®
‘ (%) vpact
® LAP(%) pppy

l

miR-145
miR-130a
miR-320c

Adipose tissue

mir-296

mir-323-5p @

.
mir-466 HspT0

B 2. SN W PR & 2 LR A B B A A

Fig. 2. Exosomes as mediators of related organs in diabetes. (1) Exosomes secreted by pancreatic tissues carry miR-15a, miR-375,

miR-21-5p, and IncRNA-p3134; (2) Exosomes secreted by liver tissues carry Calpain 2; (3) Exosomes secreted by skeletal muscle

tissues carry miR-16; (4) Exosomes secreted by adipose tissues carry caveolinl, miR-27a, ap2, and miR-125b/lin-4; (5) Exosomes

secreted by heart tissues carry mir-455, mir-296, mir-323-5p, mir-466, and HSP70; (6) Exosomes secreted by kidney tissues carry
WT1, AMBP, MLL3, VDACI1, DPP4, LAP, miR-145, miR-320c, and miR-130a.
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A UM IR T LK 25 9 38 36 B R S v A 2B AR
I, AhuAATE] BL ik H AT 32 PL miRNA 4 3 1) #
TR 245 BT THI W P R 3, A4 A0S JE AR BR 25 ) 2 /N
I R BN AT BE . H T O 1 REAE N HE s (1) S Ak Y
miRNA 7 : 5 503 i 5 ZHCPUH L1 miR-27a ¥,
miR-155 ), miR-143/145 "7 miR-16 " &, &
T1DM #H 2% ) miR-222 ¥ miR-146a ', miR-25-
3p . miR-16-5p Y 4% . 5 T2DM #H 3% ) mir-455.
mir-296. mir-323-5p. mir-466 25 "%, Ak Ak B 5T
X ARKME PRI 24590 T R JE IR R R T R R 4T
FIBRIER (R RE 1. KB 2).

gE LRTIR, NATTX AR R PR AR L T o i Bk
TR AL 1) 14 ¢ 20 B A g R i o 3 A BRLATL 1) 0F 42
7T ERZ AR, WO AR SRIF R 2 88 R
KT RAERIZ W JadT TBefit 7 2% .
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