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Abstract

BACKGROUND: The exosomes are one of important active components of adult stem cells paracrine, providing the basis for stem cell “non-cellular” treatment.
Exosomes from stem cells can play different roles in the wound through different mechanisms to promote the healing of diabetic wounds.

OBJECTIVE: To summarize the main mechanism and application of stem cell derived exosomes in the treatment of diabetic wounds.

METHODS: Computers were used to retrieve English databases such as PubMed database, Web of Science database, FMRS foreign language medical
information resource retrieval platform, and Chinese databases such as CNKI and Wanfang Data Knowledge Service Platform. The retrieval scope was from
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the inception of the database to September 2020. The English and Chinese search terms were “stem cells, exosomes, wound healing, cell proliferation,
neovascularization, inflammation, extracellular matrix, therapeutic use”. According to the inclusion and exclusion criteria, 66 articles were included and the

results were analyzed.

RESULTS AND CONCLUSION: (1) It is summarized that stem cell-derived exosomes can promote diabetic wound healing by regulating inflammation, promoting
neovascularization, re-epithelialization and remodeling of extracellular matrix. (2) The application of stem cell-derived exosomes in diabetic wounds was listed.
(3) The exosomes from stem cells can avoid the immune response of stem cells in the treatment of diabetic wounds, and the genetic material of stem cells
carried by them is more widely regulated and more effective than that from ordinary cells in the treatment of diabetic wounds. (4) At present, the application
of stem cell derived exosomes in diabetes wounds still has some problems, such as low purity, high cost of separation, low production efficiency, and the way to

reach the target area, loss rate and diffusion efficiency.

Key words: stem cell; exosomes; diabetic wound; cell proliferation; neovascularization; wound healing; tissue engineering; review

Funding: National Natural Science Foundation of China Regional Science Foundation Supported Project, No. 81660321 (to WH); Yunnan Provincial Department
of Science and Technology - Kunming Medical University Applied Basic Research Joint Special Funding Project, No. 2017FE468(-177) (to WH)
How to cite this article: ZHANG JL, LENG M, ZHU BH, WANG H. Mechanism and application of stem cell-derived exosomes in promoting diabetic wound healing.

Zhongguo Zuzhi Gongcheng Yanjiu. 2022,26(7):1113-1118.

0 5|= Introduction

IR IRR HF B R IRAN G R T BB R s, BR
G FEHBEEREEAMGI R, BF2EANBRETE,
BRASHEEHETRG. HORALEBM, 28 EERT
W, AWABRZF LMK RIE. BERRLBFEBHIR SR AL
RBEW S, BRABAOTmEET G RIAEFOELE, Tak
T RO A R —F A AR T ik, A28 BT mie et S Hesk,
Bl o B A HEF BRL . A BB RIS, HFR, SNRIEA R tm
TR % B FHBEA R 8 %0 .

PR R —FP m s, AR 30-200 nm ZH], FRit
Z 4, iR EeAE .45 H A2 42 200-1 000 nm &4 fk e B4R
X F 1000 nm #9ATMR P, U BT 047 n SR AR ST vA Sk o1
BeAR, ELINBR R B A T miiE i L RA S MR ER T, S
SR A K EEAEEEAF S RNAFFE, @35 DNA. &8
J&. mRNA. miRNA. rRNA. IncRNA. tRNA. piRNA. snRNA.
SNORNA 5 B% Sl bR 4535 A% BR 04 f8 A48 20 AR H 2 B 06 77 49 32
AEAR, FLTIEH 47 DNA 3% RNA & % 5 Yedn i b K EAE .
BN B s IR s, E#ad i 3 Ay XT3 6
Rt it, R AP puk. Foik. Aok, SRR A A
W) P RAR T BRI 2B iE B A 7 KRB m AR e
R LB e, TFRIR G IN SR E LA A R E T L AE R
Hhe, BPAENEA M R PRI IR AT SRR, T H
BB R A R b 9 bR A P,

HF LR EHTHaERRG DTS, LIFEFSE LE.
AR R bm e AT e e 3 s TRV BT A A ) TR
1&®, g H ARy TV, Bk, BMAELRRADELTS, &K
TR AMBELFSE RER M. WG L A REZTHR.
o0 AT AR Y B AR E R m ey e . BARE, T
MRS AR AR KR RSt A A . B et
SRR EREGE S . TR T @RI AT AR R A B A
ooty EBAHI B R IR RATIR A,

1 &RF0755% Data and methods

11 BPRBE & A E A4 & PubMed 3 48 % . Web of
Science (4% . FMRS 4 X E 13 & K B & F 6 FH LK
WRA T E W, T HBERIRIRET 6P LA, &
R E RMAEE E 2020 49 A K KAk, XA KA
“stem cells, exosomes, wound healing, cell proliferation,
re-epithelialization, neovascularization, inflammation,
extracellular matrix, therapeuticuse” , ¥ X Ax%18 %4 “F i,
SRR, G a RS, MRS, S A A, KuE, MR ER,
BIERT .
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1.2 NiEhpkE

NKRAE: OF Kbk, Famn. Hofs. Bk
A g — MR 6 K A £ T IR SN kAR R R T 4B Sk R
S @A AR @ARAUR T I ERH. BAME. BT
e FHRTFLE,

HERArfE: QT AHAMR; @L5HR BN XLk, G
ik IR 0 bk
1.3 HUBHVIREN ®ILATA L FEARMANESE, T AP b7 LKA
FTHE AL, AR AR IR AT AT R SP bR
A8 F g 0 & R 84 SRR, L 1.

H:% PubMed. Web of Science. FMRS {4l /7 44 i S Bl e f v [ 241 )
T3 77 BE AR RS T G A5 b S

v

YLV K2 iA Ny “stem cells, exosomes, wound healing, cell proliferation,
re-epithelialization , neovascularization, inflammation, extracellular
matrix, therapeuticuse” ; RN “T4HM, FMNAA, I0EE,
RNEIGSE , MUERTAE, ROE, ARANERT, VRITRIH”

v

BOE NG HEER bR B NN LR 66
El1 | ek RREE

2 Z58 Results

INILAR N E A B A ER GRS R AR S, A
e 2 L5 T AR AR T Al A o KA — B Ak R, F 4w R S i
PR E gm0 A U T A 4 &, JUE 2.

‘ REBRA
g [i> R At
foy vy

2 | FLRREIRSNDE 4 ARG B AigRE

21 EARRERN XEEWEG OO REY LA T2
J . 18 Z R F 48 e (mesenchymal stem cells, MSCs) E-A 3% K #9
R DR, BTVATR TR T A5k 6 Sh AR T VA = A I A
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KRN RIS S A P W AR T ek RSNk
PRAGE R A KA AT de, BEA A KmEe s
EW

18] F0JR T tm Bk R AL bR A B A KR R 64 T e
M mIRNA, 4540, B 8408 707 T 20k R A1 Ak & A I 4R
K tm o B F 49 miR-210 ABFA 18] AR T 4w B R R Sh AR
A miR-21, miR-146a #= miR-181 Z A 58 X EH £ KT %,
JEAA % miRNA® i 3K miR-210 44 18] 7,7 T 4@ i Sk 5B 4 ik AR i
it NF-kB 12 5@ 344K T & s /-4 18, @ @ ion% 6 Fo b 95
WA T ot kik., miR-21 X EH AR PR ETEMEMN. £
¥ £ yzitA2d, miR-21 2%k PTEN #= GSK3B &.ik, 74| NF-kB
ME, 32 cjun/APL E ML, M) KR RN FT A O A
A, E@ATmE AR, miR-21 744 K E & e+ 44 PTEN
AR, FHAKT®E, X EZBRGOLE. BART @R
SFR I BL AR 8 miR-146a FE TR 3L E KR R 7 & 7T fE LA %
P RAEVER , miR-146a ] VA S R S 95 RRL 64 X A2 B F,
LA JUARAE K B F 89 38, @EMBIEF a. @i 6
FaFihE v, ETHIATERMILTEG ST/, HBIRE,
E v 4m it Fo A% 4m 0, miR-146 4935 IR T AR 338 A% | E
AR E BE, AT IR K B S m A R, A 47 %) NF-KB
It Ko M,

18] 75 T am i kR S AR R T Al T A o K JE B F. A4
PR F ook BN K aE. BIRE, 18 LR T @i kRt
K¥GIR T s-GAG t95- %, @ mIA~E 1B F74] s-GAG 894 %,
FELIA) F R T R R R SR AR R T ALK B F & mieF 1B 5
FH—RIAAF TR G 13 6954 M,

18] 7R F m e R R b bR T 8 i 53 M1 &) M2 A E i 4w
FoMAC KRR e K or W A REAR, 10 T m iR IR I R fE
B E KNG % A5 F00 B e M1 BUEARE T E SRLE F a
Fa— B RABEKT, 425 M2 AELARE G MR/~ 10 Folh
REAEE 1 K, A4 Edmitd M2 BAAL, Mim L IR LR A5
R

JEifds SRR KRS B, TR bk LB E R

a9 AE R . AT ARE AR, BE 1A R T 40 AT 2 69 S bR x Ak Mk
PR FFEF L AN SRR LA LB IAT T e KA R F iR 42
W ROERVER, BAERD Tzt i RNElEE @it
E 4. @fNFE 10 el A KR F B ARFREEM, G
oA E 17T ATFHE v KFETHES @™, 8 ARTF @itk
INEARIT -5 B s, T B A 4 R b S SR T il it
I BT K B A I IG IR L T o, @ falAE 6 4 b R AR K
YRR . Bbl, B g R R M S BRI B 38 3% T AR ER AL AKT F
M AR A KRR T RE, BRI ATIKA K aleF AKT/
VEGF 12 538 33tk , A Anig 48 fsm 1 1 e 19,
22 {BHMEHFE kb0 Kb E 155 09 T EMA R o A R An
hEHAE M, oF A RRIGENEIT R LT, NIRRT
B B AEAL, AL A N K @i, FIRER R ANLE E A
o 7 A N AT A T RE mIFR, MK o 4
FEmmE L P ABHF Y, nFHAE R —F ARSI
H, A O A AL BT A A RAEMAE A, Wb bR R i
St AT A ) RAEF 5L RS, PTVAR T R A A E 2R
BIPARR K IBAE R . T IR AR T 18 1T % b X kATt
B FH A, SRR & .

T m MR AP bR T 1B LA AT A AR R T B G, K
Wt R a0 IG T . E R ARE TR A S, VALEEAS B A,
Bl de, 2N F ARG ILAT A SN SRR 69 1 K 20 28 A iR AT 4

e A KB F 1 AL AREFA 28R KAKREFZIR2,
oA RE L. E-SBE. BAUET 160 AEE AR
Fol) ik 8 F e A AR K TR A Y, BRHE, ML
Ji T 4m R TR S S AR R ARSI e B ) R A K B F Ak BT
BF latgkik, BERIRT KRG TR ZAAR 64 %4 ",
P 8] F 7 F fm B R RS b AkaE i B E A KEF A
FORIG iR g A R . K B A AR R T AR A R AR
WMt A AT R L m e R, AdmRd K Ao ae ™ kk
AR 40 AT A 84 91 Sk AR TRART w4 3 i Rk s B 3 A o AR B R
DR A E A AL, BT AR AR R K RO RS 1 a5 A
%U-ﬁ‘ii\— (18, 21]o

AE BT R RN P LG A v AR A
Wit A2 A A B A F. JIANG & P2 & IR T e kR Sh ik
REAHNARE T BL. wFAREFFHALAES T,
CAVT he 5 & 3 A Fem IR G E R F . o T el ik oh bk
A A AT A R &G DMBTL, i it444 DMBT1 & &1Lt 4E
Jra s Roh e feas B,

T om0 R R Sh kAR P AT B f A BT A 0 R AL
MIRNA, 5 34515 5 Jo.m 0 vl 705 7 68 R E R R HEAS A4
KGR E . FARE, R A B e AR AL F Ak
B K& & B8 i R 18 AR T i R e R P A A A R Y
miRNA: miR-126. miR-296. miR-378 F= miR-210%", 4] 4=, W
B AR 40 JRL R B 4R kAR miR-126 ¥4 5% Raf/ERK 43 %, i@ it T
SPRED1 &k, 123t T MK mIRe)3gii. EHfhd & &b @,
RE Wz 18) ZU SR T 4m R R SR kAR o A — ARt A AR B9 A% ]S RNA
42 MiR-126, miR-130a #= miR-132, A k& I th Ak ST o 5
AR Y ES S AT mAesT A 09 R R IR SRR A
MiR-199b-5p, 37T 3 4% 4k o 3145 64 ok do 8 58 B Ao dnsi iz @,
ANEPERST tmpeag s bk & 5 B g & miR-200a, i it T Keapl
FiiAdE Nrf2 ¢ &k, TR R Z D R FHE DT 5G9 H
B FH R A A Y,

T om0 R R AN Bh AR R ARAR U d A 0 IR R EH R
Bl. 1A L/ F m e sk IR o sk Ak a8 38 9 AKT/eNOS 12 7248 3 T
Yo TR K mIegiE m g A M e . AR Takk
T Sb Bk AR AL ST 30 Wnt/B-catenin 5 5 o & A %, Wntd & &
N tm et 55 B-catenin A% $545 F K AT d e A R AE A PO,
A R AR 4l iR R R ST ik AR R AE AT E Erk1/2 12 TS R R A
WAk, MM S EALd N & mine g, 4% ugs
R ILRE W 18] F )R m e Sk R o k4R it Ak Nrf2 B, 9T i if
SDF-1/CXCR7 #9 A~ 3g hnsf 1 K AL L0 0 B F a9 R 4P VB R, ALat
D H A P, A Nrf2 i RGA T A B F) AR P AR
W) BAR 4 L 6 3 T Fe R AR, V6 T HE B K R B 6945 1 R
% [31]B

T tm itk R SN AR 2 it 4L 38 S AR B W A AE R B e
R, HRBERBUEOECESGZAR L LR, HIRE,
455 nm &9 35 T A BALHE 5 18] R T 4 3k 32 k09 AR AR
A AR tm e 6 8 R, IR Al it k9 miR-135b-5p Fe
miR-499a-3p 3% 3% AT o & A& AR AL ), A BB AR 1] LR
F o B kRSP L AR GG 06 97 ROR YL B AE Akt A4 9 1A R T
L0 R RSP ILAR B E ik R R e R A e it A, AL E
DARSTAE A KB T D, HIRKIERE M R AR A o E H
AP KRR S0 1) AR T i R R Sl ik AR miR-214 & A
A, ST VAR L4 ATM R 64 £ A M f A it % 37 4 B,
116MMU_CIRC_0000250 1547 &4 fi§ 1 18] 75/ T 4m it S IR 91 kAR 38
if miR-128-3p/SIRT1 #h3id #4342 845 k9 ) R4 @ 4 4 P,
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W 2k TRAL 22 64 1) AR T am Bk TR 2 kARG 3E miR-126 A~
44 PTEN T 3B:80F PIBK/AKT 43 53l 3%, A d LK SM R 48 f R
KRG 0 bt & R

2.3 {BHEMILIE ST T ek b T A~542 A%k,
R R A L m et 7a, AT AR mmieey L, Mmitatss
FrgmAh aag A A,

T 4w Bt S s R AR T R F 4 4w L6 38 A A i E A4S T g L
HEZER, FFELRRF@ERRGINLARTEIERE 7 X
oA KA FALRA) @S, 8 LR T e kRN REE T 4
oAt A2 AP E B 6915 5 %, ) e Akt i@ 54, ERK il B4 fe
STAT3 @385, AT T S HA KRB FEAOMEREL, wifmitt
KEBEF. RHEFHAKETF 1. 24 KRB FAER@0TER
F1EFRZNA @S, B RE AT iR R K RAE
A b LA AR HE R A 4 R B FA 69 6% . miR-126-3p it A ik 4905
B 18] FUJR 4 IR R SR AR VAR BAR K 7 R T AR R R A
omInG I, FEURA LR B A huik, RBIRRE G AR P,
AT % feT o0 8RR 649 18) SR T fa RO AR FEAR SN AR E AR
i KA T AR 4 o638 i An it £, ELIE &SP kiR
RIE Y3, 1. AR A= 04 R & 4 5k VA B R A Y ta fie,
&9 MRNA F A3 Hn Y B8 7 18] 700 F 40 1 IR M Bk AR ST vAAK
FREF Y tm RO G 4, 1B 3T PIBK/AKL 43 5 i FAAT R AF 4t 4w
o3 78 An i 4 AR B G o An Y, AR R A B R G B 1.
MR Yt A KA F . F A KA T BL 49 mRNA =& &K
FHHA G, REIEmN-455548. @EpiEa 1. Bamie
A BA ], NURBREG AR KL W, AFBA 2R T ek
Sk R N SLAR F 84 miR-135a ST AR U AR A 4 tm e it A, 94 E- 45
FEEEG . N-45555 %G . KAMIBITH BT 2 69k, e
# o P E G 0 Rk W,

FEF ERAEAR T AR R @I ST FH e Ae 2R
T2, TRtk T8 RE 695 KALE A R R 48 149
A%, Mf-FEME KR @AE. P, ARG L mie it
E N R B AR SRR R T AR A A6 i A Fe SR AE, AR AE SR
R Rl @ ey a T, AREAR, 0 AT ik R S e AR
4538 12845 ERK. AKT = STAT3 & & 69 55BR1L m it A JR T A 2m
Mg G it Ay, H AL A A 48 h F= /&R E 4 50 mg/L Bf
AEZE Y RE A R T ek B S AR T 428t HaCaT 48
JR b3 Fa it £, IpE| LR T, B8 E R Tt R R A kAR
T 838 1T Wnt/B-catenin 13 545 £ F kG 2 4 K AFARARAE
F U Rg R i) AR T an i R SN Ak Rk miR-21, E ST A
B E gy 0 A1t 42, AT HaCaT @ fiee) i A4 A=3%74, sk
A2 4838 1T PIBK/AKT i R AR B E O 2 b 3R G
BR R 405 7] 1 B @ Rok, MmAed|nik s o a-ag 4 19,
24 {[BHPWINERSYE @i EAFIEOREEE. FHE
B, RHEY, BHEOFIHEMKR, 4 mitRatiE w e IR,
INFiEF s . EB. Y, ELASTH, RBRILIEE
HEER, MERSEH, AREBEIHNTE, @BIARGE
BAFTEZHE2RELE, mmsb R FAaf T8 2k
AT IRAZ L) KA.

T 2m B0 B A1 AR ST VAR AR R AN R R, BB eG A
Mo ARV B, A AREAR, 18 R T e R R SN L AR T
A A IR S 1 AR R 69 ) B as1b A& KB F B3 541k
A KT BL A A 18 AR T AR R SN kAR T ST v AR
I BB R 5TTR R R e ) S8R kg . sksl, AR
F 4w J R RSP b ARBE ERK/MAPK 12 5 i@ 3%, SFH ALK 4B
FEOM3RAN M, KREEE O3 & &% MR

1116 | PEARTZAR | 585265 | 578 | 2022638

B F) L3 e, A mAT B IR R TG R, B Y R
Ko BB RARE Y,

FER A 2R, URA EmlRERFHBRLS

HEZRE, TR 05 DU A 4 ta e & KA
SE AT AP BRI AR, 1) ST AR R S BL AR T A 4R AR AF 4 4m
L) ILAR 2T 4 dm B oA, AR 18] R0 T 4m R R S b AR o 44
miR-21. miR-23a. miR-125b #= miR-145 i§ it TGF-B2/ SMAD2 e
AP o T NLILED B @ Fe SRR AR SR 3 ] LR A 4 2
K, CUAB|FARACE Y AR R AR T e R A ek TR
LA BT A O A 915 5 huik BAE,  do ELIT AT B4 4] IR 49
EFHEA . AIREAR, ABF R SR T ol kR b bR AR
BT A 89 F 0 U FRIT S AR B Wnt/B-catenin 155 44 B KA, iE
I H YAP RGA R R R A A, FRAR) R 28 iR it B Ak a4 4
IR Ea i B,
2.5 FRIEINMATE B FERR BN AERR Faiek
SNLARAEE AR Rt B B, TTEAHREE . QRS EFAEGRS
7Rk O E, A AREAR, SNIARAS M T AL A T A A
T R a7 bW R A B, R AR g R R R S e AR T AR
RS X 89 fn 7 37 A Fe s . MUE Erkl/2 /3 T A, 3R A
G PR R ot T A, AT 3 S AR R K R RS B A
S, BERITA MER. REARRELSEAE Y,

JE3t K FRAE Frgm G O AT RIS AT R T e R ot ik
PRI VA Y KRR SE., A ARE AR, sk b 3R 50 69 40 4R B AR
AT EEASALRT, 18 LR T 40 AR R R AT AR YT VAT B itk
WARTE, WY R IR B, B 1) R T e S R S AR T
THE G mMIRAE 6 RE STAT3 i@ B4 M M B 242 & R kg £
o % 55 A R 0 g R B,

T b fo R RIS R S BT, A r e
—F @A ERXES, AT kAT S AR AR 40 4R B R AR
8RR, AR R AL B T B Al ised LM 69 RS B 18] )R T 4m
R RN B FHE KBLAR A= FEP RERIR LR, ZiE K LAA
124 & bR A AL /) ELACRAR T — oMb IRis 75, RV
JE&%/}E&. [54-55]°

Il BT m R SN SRR A 3R R ST R0 57 At
A, RN RAETER, ARAR BB
18] FLJR T iy ik 6 P AR R AT AE S T AR AR, LAE BRI
ARG, AR Fo IR R A RS O IR AR, 25 R R B A )
R T ta Mo R RSP BARTT A S ) F B3 is s, T HTARE
Ho VS 97 7). A do s R T H 2 4 5 R 3% B9,

3 REE5REE Conclusions and prospects

F e slas kB id i KoE, Rt A, F LR
Aot R TR AL SR R B A, FET @itk
SN ILAR G IT HE Fr a2 & 64 BOR BT T 4m ity ik

Ftmfe 7 kAR KA L BRI E A ik E S RIG R A
A B SRR R T m e F Sk 0 E B E MRS X —,
F BBt F ok kA mi @R Y, AR KA E E Rk
FHRBG @I, T @mILRIN AR T IUAF @2 TFHE 2
F s 57 B AET @AM bARIE 7.

— RN ARAE A T ey o ik X, B R K A SR A
FEFIA, BARE, IR A AR SO T 4006976 1,
M 7 ) S B 5 B SR S A OT A8 AT o i B BRG A
[& U e T im B R vk B K G IR P K AR A, XL T 4h
AR g T dmfess o7 R B B, T A I B A AR
KE YRR, & F @RI ARF ETAT, FAMETA
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TdE, SPBLARTTARAS AL E T F 5 A R B ik
B O w2 T R I AR T VA B i R RS 69 XA K8
J7AR, BldeiB i WA R GRS m e, SHE R R Tz e
SMIRIRER A YA A5 DY, AR R AR
R A B RS, VAREME G O A B 6y, AR T @i
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