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Abstract

Diabetes mellitus (DM) is a major public health problem and one of the most challenging medical
conditions worldwide. DM is further complicated by serious complications. Diabetic wounds are
one such complication. People with diabetes are at higher risk for diabetic foot ulcers (DFU). The
increase in amputations, morbidity, and mortality due to the ineffectiveness of conventional treat-
ment has been recognized. Mesenchymal stem cells (MSCs) can significantly promote wound heal-
ing, however, there are some risks associated with stem cell therapy. Exosome therapy is a new
treatment option for diabetic wounds and has shown good results. However, a more advanced form
of cell-free therapy using exosomes has emerged. This upgraded version of stem cell therapy offers
better efficacy and eliminates the risk of cancer progression. Exosome therapy promotes wound
healing from multiple angles, unlike traditional methods that rely primarily on the body’s ability to
repair itself and only provide wound protection. Therefore, exosome therapy has the potential to
effectively replace traditional therapies. However, further research is needed to distinguish the op-
timal stem cell type for treatment, ensure its safety, establish appropriate dosages, and determine
the best path of administration. This study focused on the current literature on diabetic wound ul-
cers, their therapeutic approaches, and the potential of mesenchymal stem cells and exosomes to
treat DFU.
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1. 53|

LR, @B, e kA 7M. Rk, B PR B O BCE A BT n 1] [2]. Wi
AT, B 2045 4F, X — BT IR BN T AL[3]. BLAL, KERRIRE VAR TT A R4S 5 A 2 ok
TERMEFFAH[4] [5]. W PRI I8 RREE R 25« BB BRI R 2 — &R 1, A
BT, HEPRG B R w5 5 R A R 57[6]. PEGETT, 1200 R4 THFE 20%~40% (1 BT ZEIR[7]. £ 15%
FRIRE R B3 DFU R ACRE, TR PG il S 2040 849% 1 T i AU (8] Kl &I & 5t M TG AR i 2=, 4E
TORWMAF R (L 5 48 A7 R BEIK 60%) [9][10]. #R1, DFU & & ] LLERE JUANR &R, Horp
—UEPR R AT MBS B, A b SIRE IR, A AR A T R I A T DL Al R
B, SR IS W A R iR T e TR m A2 B0 6], MR 5| R H 2 s A LA
GUIRYT J7iE, s L 0 VRO DR AR IE 45 D EREE L VSR, R PUE R FEAR T TARE
R SRAEALHE DFU 7E N B &M a7 v R T ZE . Jeni it 7R, MSCs mT LR {2 ik
i @46, ok, R F, SMNBAIGRITIE A DFUs M—Fos e ik 8 2 Bos 4 Nl & 4
F[11]e A2 RGN M ANE B S REAR A P R G (ECs) A AT 4 4 i 2 18] () £ i e R 2 e TR 78 R T4 R
FTAE F MR L AR R R S R s R . SEE MR, 5RMKTaE T, ERAE
AR FRIRRRE AR, 3 FL B R 4 11 VR 7 I B 22 A R B [11] . DRI, & OO RE PR 13 1 i 34 T3
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o RICLRR T TR T-AIASML T IATT DFU IR FCi I
2. BEFRTR ARSI & L IR

il RIS AL PRI A A RNk Je 2 SRR BN, 32 2 Bl N AE A AME DR 2 A5 IR . 25 18 BT J5 T 6 5K
AR X — [ B ST R . KA DU il A 200 A2 5 i e Mz st 2 4405 . 1)
FE, BEMERGRATREZ S B, WRESHEIN TG G« WL 2= 46 Aia 3h D) e R 5 1O XU [12]
[13]. BEAh, FRZIRAS SRR FITT R 7 3 = SR PO A, B2 Bt G . B AT S F i AL
HHATFECE IR IR, RA& SR LA [14]. LSRRG A 3 1 1 995 742 i B A4 v 5]
W BT SOEANIL R it o PR, B fesdt 1 Sl Bkl BE AL A2 AT B [15] [16] 0 XA L5 42 & DFU.
AU ANZE T ¥ 7E R 2R [17] . BBk FE Al Ak B HLAB 2R FT 3 Bl Bk A T2 78, 3 B8O Bk i, J22 B DFUs [18]

1 O R

T MR AR AN RRITRH 2451477, R PR6 KB 3 ml R A W PR A2 B o I3 1 B e T i PR 22 P A
SIS, W A ESERE[19]. thAh, FRERMEN S R AR ALA O, B T PUMEARRE[20]. R R AR
DR -t 0 i e 7 R R R B L R S OGBE . R IR S T I R 1o, I A P B2 AR K TR -F(VEGF)
CHFIE B — N A R 7. fERE R0z B35, N B (MDA)FI MR SR SE R - o (TNF-a) /K F 23
Fhi, X AR AT VEGFL 20 BT T 10 . X S8R R 33005 0 @& i 1L 2 43 [21] [22]. W1 B Rk,
X R R O KR R R Ak, BR T IR RS, HAREEIA AR S dfu TEA
R R R R . B8 PR R S50 A AN R G 0 e il R AR A M PPN R - v I I
SBUMBRBI AN . B8R B BT B A 8 B R A i A, XS R I DA PR . BER
o e R I B SO, MUV AR KIRD, BRI )24, AR AR AR D o X e L 2 5 11 B
WE, FERIN AR R R, WS, 5 DA A AR G AR & [23]. 7, M A RS R
JRIFOIHEEARMEER R —. XEMTHRZLEREMFE T, XnlaeL m BV 2r[24]. ik
A1, RE R G T T LA AR DR 730, B I AR T o X R AR R AR ] R S BUE A T R
AR, BN 0 OIS B R XE[25]. BEAh, BEARIIZT 8 F (HbALC) i 58 bR g 2B 1 af g 4%
file WFFLRM, & HbALe /K P54 DA AN R Z MAE(ER BRI AR OCNE o Sells i — I [m] B i Ao A I,
A I 21 8 1 (HDALC) K FAE 7.8% K LA F B JR G B3 e AR AR S 0 1 3R RORE B R e v, BRI A A R .
DRI, S5 510 AR5 b 2 2 WORH PR 73 £ 80K HOALe ZKCP4ERFTE 7% 0L R, ARG 2 I RRE 1) R A R [26]

3. BESERGIEAESNER

WO & AR E S NP B ki, SR IR EEE[14]. MR AR, BT MRS
b, MG FREGE . U, S5 AHCI R R TR BEBOXLER 75, R0 R 4 oS R
T A 2% 7 AL (DAMPs) . ERtE, - i abk C 48 i mh Mk 20 B (pmin) 46 REH[27] . AN IR gL R
RO IR EE S B, W C-X-C HEyula b H 7 12 (CXCLI2)BE R, {212k EWEgHfd A M1 (5
FERAS) A M2 (AERIEIRE) . SR 5, M2 EWEgE MR ik R PR 7, (RS S FIEH . B
ALk EE, A0 R 1 R B R A e 1 bR S B . 2R, X — 1R e G e 4 R 2 245
SR, WETETR, S8 0 EA[28][29]. M, MBYERAE, OGS, BRE, BTSN, 2
IR A A BRI DU AN B BERIR AR IR R R, A SRR A IR . =y MU B 3 A 5640 24 7= ) (AGES)
(RTE B 22 0% 2, AGES #id FHLiE WG 40 g A ML [7a] M2 P2 78 17 5 1] 4 728 200 i 0 3 R 48 L ERD - 7K~ [30]
PR ST PRI L T AORE R A B B 2 o PR E S8 RE KT T s 2 e 2 8 4, R TBUMR S BB -
o FIEZHMIA 3-6 SF4HMIR o IX Lo i R (2 20 0 I 5| S e A0 M 30 32 e (R 2H 21 A8 SRR RS
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MEBFERFEEGIUNARER. BHIS T 0% R E SARPURIIRE 11, 50T 585 205 1% 20 S DLk
55, AL DL Y[31]. 18P SO S BRSNS, SR, R DS HS R E R, 5
WAEH G A, BRI L B0 R I AL R, SO TP . BRI, i IL-
15, A& T -1 (MCP-1) FHE SR FE PR 1o (TNF-a) 35 4H I A 5 (4 i 7K~ 5 08 PR 22 05 & A
RAK[32]. MeAh, 752 BUBERM, 5 R0 NI G 40 i B W 40 47 = 2R e R At f, S80S MR
i, WG e 2 AR [33]. OB FLR ], VERIANAL, R e A, o R] R AR
R A AR rh = A R R AR A MR BIE(NETS), 0P BE SR 15 1 R P2 AR AR RE I . 1X 88 NETS 2 B — MR
9 “NETosis” HIEFEF= A1, Zad FR P J PR A B 296 25 2 SR e B8 TR HP RN W o A 7 R B IR
T BB net AHOCAEMIRR EXKTFIHE[34]. BbAb, i URE B S b T B b R 40 i PAD4 R,
ik NETs (7242, MIMHAISS 0 D &G . R, B R M See A et R e =, SIS
FI[35]. Z5 LRIk, 18V N0, KRR, FEHLS M. X 0] 58 S ESFP a8 B AW
DIRe 2RI E I . B IR IR SR BT 1 0 18 1 JORE VB ENLH, 181k 98 RE iT 3 BURF 4 980
AL . IR E SRS M SOE S HRARY . BEE R RIHERS, B4 FBRR
(202 EE B AN T e 243 [36] .  MUEFBRIR S AR A, SR AL RIBRS D @A BRiS[37]. BEAh,
B PRI A ARG T XK 22 00 B B (A 2 IR IR 43k, AT b PRvs B8 3 )43 1 i A AR R i T
— B ARIE . BER W B DA R RO AR E K 2 R EUSTEE S B, RFEM IR HR, R
SR A I RE[15] . BE IR B O AR A DR RO R A D R0 R A3 AN Pl 4 S 30l & 52 40, S ECHTEE
PR R (AP A AN, TR SRR 2 S M A I E B FE TR 28 1 B (matrix met-
alloproteinases, MMP)7E ¥ fR 7 H 61 T o A& 15 2 90 AT S5 8020 29 5 0 7 o A0 61 T & & ZE3R [38] . K
b, FERE AT AR — N ERNERE, L2 R, X G U 0 RN M BOR A L R

4. BEFRI% 57 (DF V)RR TT

H I SRS B TN I . XS AR T RS QIR R AR 05 D9 B, ORHORFROT R, B, PR
il B I I A RROIR DL, SRR A SRS, JFORRR A B A0 M F ] o 8L 108 IWGDF 57, ImpRER
AT AR B oK 22 R AR A T [39]. 1 BRI i Bh A 2 AL S O BB AR O A
HRHAE IWGDF $5F, PRliE G2 el i BAbRiE . E T HMI59%k, WEE. WS IKAE i e
BoLiE BI[40]. HrA AT M 1 E R TR LA R 25 45 R . ETTH IR s AR R IRIT
AIETE QU R AT IR R L2355 97 . HR4E IWGDF/IDSA IR YRR, TR77 N Jefll FH g Rn i %,
0 L PR B PR AN 2 22 ER B R A T o AR W AR VR T IR0 e PR B 7 DA K% 3 57 AT BB 1 P 45 R
BRIy R[4L]. AERE PRI AL 7% (DFU) i B RE R, e WIHEAT 41 S K59 (PAD) FA i 280 A 1L 7 1
e EREE[42]. IWGDF R ALHIFR R L, 756 LU METRRAE # 8 35 NS 5 S N7 BR
KA J1/NT 50 mmHg, &SI/ T 30 mmHg, BROCTILIREUNT 0.4, B J %5 /NT 25 mmHg
[43]. BEAh, SN EAN AL BAT (T IR X T 0BG AVG ST DFU S50 B . XS Tia 7 LS. /460 5
AL AR L AT ARYE IWGDF IR R, #hee kAL SR I B 16T A A AT IRl K
R B 44] . EREREOLT, BURTRER AL BN, RER T ORI IR . B i =
BUS N AE 2 A RE RN AE[45], PRI BE AT B B I AR . B, DAk R S AR D9 A s
(OB, BRI 3 T e PR IS 25 L MR I 2 R A ) M2 i AN RT 2 (94610 D 1 BB I AL 5, i
PRESA H ATEE IWGDF (8% JR 2 E PR TAR )RR, X2 — R IEdE AR #[40]. BR2AiRy 7 A1 TR I
i (U AT )& DFUs 19 ZALGHIR T JTiA[47]. SR, X SRR P2 IR, el i xd T30
Bk 2 R P S 3 B P SR ML [48] . e b, F B ER A O I P (0 R R, BT BN K 5 A NVR T I
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FREMEARAFANK T BE, PRI BB P BEIE K IESE N . — e e b AIA Ria T s, EAE T 4A )
HYT, C@ TRESMSH. THRSCE TR, SEEImALEA. Bk, REPRRT A
£ DFU & sl A7 48— 2o 8, (HTAIia T R A 2 [1]. BAERS G —TTRME R A A4 4
B E OO R RS, M A A 0 s A B RSB B bR, ARV ERR Y. TG
SR AR AT AR, R BT H A, T AR B AN K AEE [49]. MSCs BAT KR 1
Rk, P UACRAR G e S SR it P A, A L R O b PR 47 1 LU R AN A A R ) — N W51 7
FAEFE[50] o I FT 1) 78 5 20 ML 55 70 i AE T, T DAIR 5 0 1 oA b (R 2O JOBE, I i@, ik
WSz e BLAh, ZRRAZUEMA R, AR RR. MAEMMEE, S MSCs RyMERE, (Tita it He
H[51]. PIARALHT40 M T DFU IRYT, R4S Bk gii52].

5. 4hiihiETE DFU REE RS

AN AR TE A M (8] 4% 7% 2 FRRORL (G B A i IR PR ER) ke 5 B R E EWER . ILAh, ezl
ZMAERE, WRIZE RS AR AEEE[53] [54]. AMAA AN [F) 27 F4m i 23, Gn B 2 4
M/ B b R 0 B A R] 78 5T 4 i [55] [56] . BIF 7t 3% B A b A AT DLIE IS 22 ML i 3k 48 1 i Jik 4 11
AR . XU G 20 OB, InEGHT A SV ke, BRMEBAZMAM, LD
JEIRTE . Ak, SCRTiImtseR i, AMMARILLE RIRP FUs ke tE, (EeNReas fEan i 2 M %5%
FHEBEMAED T A, BT AN DL - i e AT T A0 B S0 RSO R, e AT R BB e K
TATHR G2 J5 PR R PR B AT TRE S LA SN IE I8 50 & Fha 7 2990571 18] 78 J53 40 B Ji sk il 4k 53
WA 55 A3 WL A3 5 V2 O — P B VR YT 71k X Ee A ] B 4k Dh B Ak LA 06 97 & P
[58].
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