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[ Abstract ] Wound healing is regulated by the interactions of various cells and a complex network
of signaling pathways. When the local microenvironment is dysregulated, wound healing can be delayed
or even fail to occur, and refractory wounds remain a major clinical challenge. Adipose-derived stem cells
( ADSCs ), which are abundant and easily accessible, possess strong paracrine functions and multi-directional
differentiation potential, playing a crucial role in wound repair and regeneration. This article reviews the
biological characteristics of adipose-derived stem cells, the types and features of their derivatives, and their

applications in different types of wound healing, aiming to provide new insights for future research on stem cell

therapy in wound healing.
[ Key words ] Wound healing;

wounds

B JRAD 2 FR A PR 3R sl N RS B AL BT 5 [ Y 2H 245
P 55 SR PR, A G e Bl A A L L L S | BT AN
VRSB, W S AR BRI BE 2 M — S
ZEAR KR T, Qi ds W R aEs, 485 5o kit
S TRHORTUE P AT L% SR IR 5 K452
ORI E R T A, (EIR T E M A T I RCR I A B T
AR A R 2R 2L, BRI 40 adipose-derived stem cells,
ADSCs ) IR IE 5 AR BOr8  BOb 145/ NS5 3, 2 )
WFFEH 2 260 R S ik ADSCs B HATAEAEAR
() R B1 1r v A L L R T 2T R AR R A YT 4R Y
S SRS SR

— . ADSCs L ER)# ek

T AT R R T 40M Y B FR TR R ) L 2 44k
T K55 oy e P, AR S 40 8 s B T RE AR T IR
ADSCsAE M) 78 541 ( mesenchymal stem cells, MSCs ) [
R, R A RIE 5 B R AN Y58 58 7758
Lo e I AR AL 3, Ry ) T 46 52 sl Al L 7 5 )

DOI: 10.3877/cma.j.issn.1673-9450.2025.05.013
YEHHLAL: 400030 TEPK, REAEZE0E R4 I )m R Be IR SR
WEEH . 2575, Email : whsada@163.com

Adipose-derived stem cells;

Derivatives;  Chronic refractory

T ADSCs 192 Hi b3 A5 9 5 MSCs 1% 5 s FEAR M, &2
CD29. CDY0. CD105, CD44 &5 {14k, {H A 315 CD45 ., CD31,
CD79 J HLA-DR 54U 7, WRFEIESE , ADSCs A B i %
[Pl DANIE 7 S g )= U A = i O 2 1
FFCE NS, BeAh, ADSCs iR gAML N BT & 4 BT 65 19
AT LA | LA PR 2 A0 PR ST 4 4 5 =
ADSCs H 48 R 1 55 43 W03 1, AT 4306 1 4 9 2 AR IR 7
( vascular endothelial growth factor, VEGF )RR
“F-1(insulin-like growth factor-1, 1GF-1) Fll i £T 4 40 iy /= K
[AF( fibroblast growth factor, FGF ) 25, M i fie ¢k 421 i & &2 A1
SN A R T S IR ARG BT A LAk, ADSCs iR HLA
ST IIRE, T B 5 TAIM . AN M AE AN BAE R, A
G RE AR Y TE A S Ak, P A ISR I I ] 2 5 O
R B T R SR SR B 1 P

. ADSCs AHRATAY)

L ICH M AT A= . TCaM AR 1T A )45 il i Py B
A b A 55 10 25 R BR D ZH 2 i 20 B B s AT Y A )
T PEYI BT, 32 AT 458 i s 1 40 B A 52 ) 200 A9  adipose-
derived stem cells extracellular vesicles, ADSCs-EVs ) FlJg i T
A S 3 3 ( adipose derived stem cells-conditioned medium,
ADSCs-CM ). ADSCs-EVs J& ADSCs 7E/E BB #4414 £3)



FpAE I 1B Al (B TR 2025 4F4S 20 #2575 3 Chin J Injury Repair and Wound Healing (Electronic Edition), October 2025, Vol 20, No.5 - 443 -

Sr UG BRSS9, ELARIE N 30~1 500 nm, A AR
P RN T REEND AN ( exosomes, Exos ) AT /IMA
R AR M 1) (551 388 1O B A, ADSCs-EVs fgbs HAEH7 1)
g FEH B, DNA, mRNA | miRNA S8 AEW1 6 M0 1 is i 2
ZAORAIMIIN , 51 & 32 R A0 ML 5 . J3 Ak S B R 33k i A 4 —
R AW 10 ADSCs-CM & 48 25 2 AL ib B , 2
A ADSCs FEMRAM I3 FE P oMb B 25 2 T e B 1 5
B, FERASAMN T BN T A KT 2R 40
A1 51T ADSCs-EVs Al ADSCs-CM A L4 ADSCs [
MBS RE ST, A RS Hb L3R 40 A AL A 7 A XU (B
HEJ® BURTES ), Ao T4 e s s, NIt Elm i g
Bk IRAE S Sy AR A T R I R R T

2. TREAUIEMI A9 ADSCs: T4 SRS AE G PR Ak T 4 AE 41
JLIE I | IR A PR A2 A s i S AR A A R B I e i A I, L
BRI 32 2 BRI, 5L TR B R T T ADSCs 1
RS TRMEABI ADSCs J: 45 2R FH 5 R gl B micb
ot R S OB ) ST 5 | AN R B 5 2 T A
] AR i Sl 4 v, o ADSCs HEAT R 1) B0 i S 35 1 - 40
AR, LA TR A AR TG RE ST SR | SR R B Tl
figto0l,

3. ADSCs WM B E &1 ADSCs WM R E S =48
H4 ADSCs 5 RAR LA B B2 G T B T REE = 4454, B
A BT A WA A | T A G A I T e S a2
H UL A PR RS S R AW KBRS . R C AR ). K
SREE YU RE A L BEWIRIR 52 IRNE ) I 48 9k ks
8, X LE BRI AT AE S ADSCs 18 T 40 ML AR 257, S 4l 4R {1t S
FEEAR, FLOT 58 5 shAS AT R v i 2B Ak B T S an
FLAR RIS R LA | A7 R R ) fE1E ADSCs 1 BTG 55 52 4
W AT 5 G ADSCs A2 [ 404k . 18 i HL 55 43 08 K S s U 5 T fig
AL ISR KR HAT, ADSCs A=k R A &4
LB T he iR | 18 VR 005 B AR A U 18 B S 4T Y
g, Hd et SA e

= ADSCs B HAT A YrAE A R i Ao 1 1

Lope i i . ™ 358405 0 A A IROUE, 2 I IR YA T
B — KRB 53 ) T Jmy & 5 1 B3 4 480 reactive oxygen
species, ROS) &R AN H FEW R 1 2, itz 75
1 BB, AR 8 AR | ok R A R R Ik 4
IS H R, R B I Y 3 BT B R RORE N A
IR A, FrPoR AR B AR R RS AR C I A TR IR
SRR RIS ) AR SRR BESE I A DU RE S 8sg 2k
Wik 25 S R0, T R R R A A BB IR YT S bt (0
LTI DA B o G kAR 2 R, ATk B
3 3 A e i S AT R ol A A 2T, DA sk G B TS R
1E5Z VBRI A B 1k B R AR 45, R4 B Bk S HL B I 2
PR 2,

BT EFER B4 )2 e R AR A T ST S5 Y R 5 4
T3 ) i B 2 A TR S ADSCs , WLES & B ADSCs 3 11 38 Jint 11 784
e TR TR /0 Tk BV B0 ORI TR, I 3 R LR
BT A A RO Li%s R R A o S R UKL B ADSCs,
DK A1 A E B 1T PN B4 A7 s 8], 3858 HOT A% i ) Fnss oy

WAIRE, BB 1 1 1f 41 2 A4 i SRR /85 788 B 24 v
Xt HRAL, HLR RRES W TR IE IR . Wu 2R 3D A4 9
FIENH AR M T 445 ADSCs F— AL E R AKBEIE 2 28, BF5E
KINZ AR T VEGF {5 5 10 B 19 00 o4 J A0 A% 5 i A
AERLRE D, FEARE b R AR SRR, AT B I g e T i
BiE B S A . 75— HF50K ADSCs R4 KAk L ]
TR O IR/ B RS F 2 POREF 4 48, TR T RELT
FERAs , G55 W% S A RE BRI IR R FE A - - . A AIALAY
F 1B SRR R N i, IR T de A, feadh s R i 46 i H
Az, AR THRR O A A R BB E RO, eAh, — IR
s T BEATLXT BEOBUR I RIS 45 R s, IR T RSB G
10~48 d, ADSCs J&Y7 4L T _I B AR B e 2 R A 44 v
1.5~5.51%, HIAYT et R, AR ER RO P,

2 PR O T - R v IS SR B RR O R , 6 ARff
BIIREREAT | S5 FE AN R AR FNRRSE I SOE SN , S35 BB PR
s FE A A T A R, IR R R R AR o R IR
( diabetic foot ulcer, DFU )JEHl bR e i UL 10 I e =22 — 13536
TR IS £8 3 Th R 1 By 19%~349%01T, 4 BB R 20 SR
WA, Bl L5597 T B R B RECFARE Q) 6%
W5 | K e R AR 45, (FLIK 6 7 0% T 1 SE R DR S B T 7 o 4
WA, BAFE—E RS, M2, ADSCs 765 R A
TRIGRYT PRI B A% o FH R

KEWFFERI, ADSCs i1 2 505 i B i i G f rp
1 Z2 A~ AP R IR SR TR AR 5%, A s B e A 10 ) o
PR E Rl ADSCs ELA G R 15 A4z A ALy Y
VEFT. Xu %58 & Blaet 3 1k B4 S8 F -1 9 ADSCs
AIEHE VEGF | FGF Ak K7 CXCLI12 (R34, [F] Il 40
JitL P9 ROS 7= A= AT DNA B 497 , A7 5548 a2 47 Do /) B ) 1
Ouyang 45 “O51F 52 1 638 15 1M AT 51 iR 2 D 4 B Y ADSCs 7
/D DFU A AR R 20 B A0 CDS™T 41 i S5 48 | 31010442 4 40 i PH
TR, FFAE Pk L A0 M 1 M2 BB AL, s e 1 i A
Yin %514 % I ADSCs-Exos i 33 cire-Rps5/miR-124-3p il 8
LIV 200 6 o) M2 A, 9/ 4 4 ik PR R e, 4 ol 1 30
WS S0 B AN B W, A ) DA 1 B PR B
WA R, ADSCs I HEZH 22 i 458 A Ao i s
Xie 25 121 3F 52 ADSCs i 3 KLF5/CXCL12 i 72 33 52 91 3005 4
P ALANAR, BRI A | SR AL TE BRE 7T, B R BT
T AL AR EhBE , T R R BB . L K
PR FH CRISPRa F 58 PR BT /MRS K R 1244 -8
Y ADSCs , REIE L3858 VEGE S 20 B 41 T AH I 43 F 1Y 430k
P PR 20 A A5 I T ARG BT, 418 W s B T o 5%
Song 25 2 VF 2 7 — L o 4N A0 I R K B I T A
ADSCs-Exos , 25532 BIRFE 2212 B ADSCs-Exos i 2 {2 #F
BT LA A B RS SRR A B 2 2 A0 M B L, ol S RE SN
RO AR PR A T A, ADSCs I8 B85 £ 1 40k o7, AT
SRR £ Y G AL . 1075 P B 200 R T 4k 200 B 5,
WS 5HLRBE SHEA", B ERE, KSRk
N B ADSCs 43 fkBE 77 i 35 T B, i SN %R 58 VEGE Rl IGE-1
Al —E R LR LA ERE T 5 K45 1E % ADSCs BE A 20 IR
T T i AR N o A b B et L [T e S



- 444 - PAERVW S8 25 (BT RR)2025 A5 20 45 5 3] Chin J Injury Repair and Wound Healing (Electronic Edition), October 2025, Vol 20, No.5

WAk, Z 0 RIS UESE T ADSCs 7E DFUIRYT YA
Rk, —TRREALG KK 46 9] DFU &4 R 241, Horp
ST SR ADSCs BEAEEE A 2T 4k 25 ISR Y7, % BA 21 {2
ZLYER BERGAYT . SRR, 5 R AT YR EERGAYY
ALY, B ADSCs Va7 T INPRAEAE BI T @A el B2, FIA YT I
i) A ™ N KR, 2 A R, Uzun %67 R FH B
HLXT BB 12:6F 20 81 DFU A8 2 S it ] b 534 ADSCs Jri il i
SHAIT , FRET R I 48 A BT . S5 R BRI IR A AR
WEIT AN AL A 50, IR 0 35 45 7 DFU 45 I 1), o438 1
BT

3 AR P A A 1 A M B IR AR 2 IR YA
57 1A A UG, TSR BRIK S IE R 25 R A se i B, ELA
R 2% R B R Sl Y B R DFU R ™ b
PR A, X ) T A g A 0 L a4 T
S B AR 05 4 0

FE I ARG 4G B AR A 0 R K R 2 )
SR S R A 200k 5t L B IR, L A R
RECEARRE S B OIS n  f & e s 4 9F
iU , 3023 A e A IR] , i B 7 VR A R B T R 2,
Jin %5 SV HFFEUE S ADSCs-CM AT 3R J8 2T 28 41 A 4 B2 -6
IR P K 40 B4 s T B 5 RIS & B0, ADSCs 6458 B T
R B e 1] B VT PPARB/S 8 B IH 1 Mg A (i ik R Jok 7
A SuZEBSHHESE & B miR-21-5p 44 1 119 ADSCs-Exos il 1 411
il NF-w B {5 538 % , 1755 WA i) M2 R Ak IR0 98 i [
TR, A L R A0 A R SR TR, R R T PR
v a2,

MBI & T N, 285 0 ik v 505 A 8 bk v
Bto ik PEBE 2 WLk ik ke 2R3, DRk e 37 B A e
SO I R 5] 2 e IR vt BT B A &R T Bk
VR WLF P ZEPESh R AE Ak | il kP SEME IS R S AP A
B P As s B S A R, B R 1N B 5 e e 41 21
e i A, e 2T LRI TH . IR 12T MEE RO, et
T I AT ST, Elsharkawi 2558 4087 & B1ADSCs BE
AUt BRIk A A, Gt SNA I
XT L 9 It RS RN 14 3503 WHASR 15 11 2518, I ADSCs ¥R
ISP AR %2 4, FEAR FAE VR 5 AL - G AR A5 T AR A
TR

TSP B2 JR A5 4% ( radiation-induced skin injury, RISI) j&
iR TS A T B FMUE B IR R, RN B RR LT B
T oA TR B | i MR AU SRR, T 5 ) B A
S A7 B R S T i AN DNA 475, FELAS AN
B R, PEIS | & A ST e, R RE S EUKF
LB R A ROS , W00 S A0 IR N, 175 5 52 400 40 i Bl R
FAEN T, INFALVIAE 5 VLAL, Fi i 0 2 2o BE T S 7 4k 4m
Ha, SRR DU R LU A, T RIS R
WAL 2%, B 40367 FBECANJRRB i B 2593697 ) Joikik
PP . Lin %52 N B B 2T 4 20 A 2 A S RIST
FETL, % 3 ADSCs-CM I ADSCs-EVs 3 ] 5 2 M 42 48 [ 1
FIANAA 22 -6 3K, (a0 I i il AN 1, A A
FHRFMOIBE o Yao 55O ML H #4577 ADSCs AUF L1

TR B EVs M KBRS TCER WG F, A H AR A 1T 32 45 R b
AR EVs, W78 & BUZIS A n] ks 41 U2 (A T BE , FRAI
SRR SRS, R A0t 1) M2 TR Ak, 8 3 (e b 4 6 T
FUNR I AN A& A . BATFER 20 Gy B T2k E/
SR TR P IR B SRR 4 ADSCs 1 5 8 Jle ik 2 48 X 3
MR 2 FEHE Y ADSCs 38 3 P8 TR S5 400 PR -, A2 30 B0 i
JRSL S TV, R A BN R IR 25 4 S W, AT 2 e tg
PR e AR

U NSRS e

BEE DRI  Bets T Fo M0 | I/ i A S b
JoRAB 3 S50 2 I S 3G 0, B JER A P R T A8 A 8 Bk
R B AR i ke 4 S B E R ADSCs K HCATT 2B W BE i A7 S5 it
SEA M A A, HAZOVE ML 0 i 25 5 W R 15 TR
TR , A5 B WA A 1) M2 TRUAR Ak, AT 386 2 6] 1T 7Y
GORERAMPIRAS , HT 0 A 45 (0 MG I8, 308 i 02 328 1t 5
A R R DU, SRR S I gUE B A bR . SR
ADSCs S HATAE YR AE AL M A 58 4 i B, AR As
GEVENFR L RIE . Fk, R RRFIE 7 mnl H IR TH &
PRI B 45 T2, AT 3k ADSCs B HAT AR M R4 4 — , 9F
DAL A (3 1) 2 2 55 3 5 el 3, DA ST AR
fbs G54 AT S A 2B R, 5835 ADSCs S AT A HiR
I A R 26 61 T B4 43 T-AIL A RZ0 M AR A FH I 25, Ak oS
STHA ) 38 FRRRFEAR | 2 vt B BE ML BRI RIS
R A AR (L R ST P B FE R 5 S A AR

2 £ X Wt

[1]  Zhou C, Zhang B, Yang Y, et al. Stem cell-derived exosomes:
emerging therapeutic opportunities for wound healing[J]. Stem
Cell Res Ther, 2023, 14(1): 107.

[2] Mascharak S, Talbott HE, Januszyk M, et al. Multi-omic analysis
reveals divergent molecular events in scarring and regenerative
wound healing[ ] ]. Cell Stem Cell, 2022, 29(2): 315-327. ¢6.

[3] Xiong S, Zhang J, Zhao Z, et al. NORAD accelerates skin wound
healing through extracellular vesicle transfer from hypoxic adipose
derived stem cells: miR-524-5p pathway and Pumilio protein
mechanism|[J ]. Int J Biol Macromol, 2024, 279(Pt 4): 135621.

[4] Wu B, Liu C, Wang T, et al. Comparison of the difference
in the stemness changes of adipose-derived stem cell and
dedifferentiated fat cell after fat transplantation: in vivo and in
vitro evidence[J . Aesthetic Plast Surg, 2025, 49(14): 4067-
4081.

[5] Cossu G, Birchall M, Brown T, et al. Lancet commission: stem
cells and regenerative medicine[ J]. Lancet, 2018, 391(10123):
883-910.

[6] Mohamed-Ahmed S, Fristad I, Lie SA, et al. Adipose-derived
and bone marrow mesenchymal stem cells: a donor-matched
comparison [ J]. Stem Cell Res Ther, 2018, 9(1): 168.

[7] Zhang L, Yu Z, Liu S, et al. Advanced progress of adipose-
derived stem cells-related biomaterials in maxillofacial
regeneration [ J |. Stem Cell Res Ther, 2025, 16(1): 110.

[8] Al-Ghadban S, Bunnell BA. Adipose tissue-derived stem

cells: immunomodulatory effects and therapeutic potential [J].



FpAE I S8R 2 (B TR 2025 4F4S 20 #2575 3 Chin J Injury Repair and Wound Healing (Electronic Edition), October 2025, Vol 20, No.5 - 445 -

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[19]

[20]

[21]

[22]

[23]

[24]

Physiology (Bethesda), 2020, 35(2): 125-133.

Han J, Li X, Liang B, et al. Transcriptome profiling of
differentiating adipose-derived stem cells across species reveals
new genes regulating adipogenesis| J ]. Biochim Biophys Acta Mol
Cell Biol Lipids, 2023, 1868(10): 159378.

Huayllani MT, Sarabia-Estrada R, Restrepo DJ, et al. Adipose-
derived stem cells in wound healing of full-thickness skin defects:
a review of the literature[J]. ] Plast Surg Hand Surg, 2020,
54(5): 263-279.

Mazini L, Rochette L, Admou B, et al. Hopes and limits of
adipose-derived stem cells (ADSCs) and mesenchymal stem cells
(MSCs) in wound healing[ ] ]. Int ] Mol Sci, 2020, 21(4): 1306.
Czerwiec K, Zawrzykraj M, Deptuta M, et al. Adipose-derived
mesenchymal stromal cells in basic research and clinical
applications [ J]. Int J Mol Sci, 2023, 24(4): 3888.

Stojanovi¢ S, Najman S. The effect of conditioned media of stem
cells derived from lipoma and adipose tissue on macrophages’
response and wound healing in indirect co-culture system in vitro
[J]. Int J Mol Sci, 2019, 20(7): 1671.

Horie T, Hirata H, Sakamoto T, et al. Multiomics analyses reveal
adipose-derived stem cells inhibit the inflammatory response of
M1-like macrophages through secreting lactate[ J |. Stem Cell Res
Ther, 2024, 15(1): 485.

Zuccarini M, Giuliani P, Di Liberto V, et al. Adipose stromal/
stem cell-derived extracellular vesicles: potential next-generation
anti-obesity agents [J].Int J Mol Sei, 2022, 23(3): 1543.

Yang S, Sun Y, Yan C. Recent advances in the use of extracellular
vesicles from adipose-derived stem cells for regenerative medical
therapeutics [ J |. J Nanobiotechnology, 2024, 22(1): 316.

Zhang B, Wu Y, Mori M, et al. Adipose-derived stem cell
conditioned medium and wound healing: a systematic review
[J]. Tissue Eng Part B Rev, 2022, 28(4): 830-847.

Cai Y, LiJ, Jia C, et al. Therapeutic applications of adipose cell-
free derivatives: a review[J]. Stem Cell Res Ther, 2020, 11(1):
312.

Phillips MI, Tang YL. Genetic modification of stem cells for
transplantation J |. Adv Drug Deliv Rev, 2008, 60(2): 160-172.
Chen JG, Zhang EC, Wan YY, et al. Engineered hsa-
miR-455-3p-abundant extracellular vesicles derived from 3D-
cultured adipose mesenchymal stem cells for tissue-engineering
hyaline cartilage regeneralion[]] . Adv Healthe¢ Mater, 2024, 13
(18): €2304194.

Perez-Estenaga I, Prosper F, Pelacho B. Allogeneic mesenchymal
stem cells and biomaterials: the perfect match for cardiac repair?
[J1. IntJ Mol Sci, 2018, 19(10): 3236.

Song Y, You Y, Xu X, et al. Adipose-derived mesenchymal stem
cell-derived exosomes biopotentiated extracellular matrix hydrogels
accelerate diabetic wound healing and skin regeneration[ J ]. Adv
Sci (Weinh), 2023, 10(30): €2304023.

Dai R, Wang Z, Samanipour R, et al. Adipose-derived stem
cells for tissue engineering and regenerative medicine applications
[J]. Stem Cells Int, 2016, 2016: 6737345.

Gentile P, Garcovich S. Systematic review: adipose-derived
mesenchymal stem cells, platelet-rich plasma and biomaterials as

new regenerative strategies in chronic skin wounds and soft tissue

[27]

[33]

defects| J]. Int ] Mol Sci, 2021, 22(4): 1538.

Fakiha K. Adipose stromal vascular fraction: a promising treatment
for severe burn injury[ J |. Hum Cell, 2022, 35(5): 1323-1337.
Yuan Y, Shen S, Fan D. A physicochemical double cross-linked
multifunctional hydrogel for dynamic burn wound healing: shape
adaptability, injectable self-healing property and enhanced
adhesion [ ] ]. Biomaterials, 2021, 276: 120838.

Jeschke MG, Rehou S, McCann MR, et al. Allogeneic
mesenchymal stem cells for treatment of severe burn injury [J].
Stem Cell Res Ther, 2019, 10(1): 337.

Amini-Nik S, Dolp R, Eylert G, et al. Stem cells derived from
burned skin-the future of burn care[ J |. EBioMedicine, 2018, 37:
509-520.

Huang L, Burd A. An update review of stem cell applications in
burns and wound care[ J ] . Indian J Plast Surg, 2012, 45(2): 229-
236.

Franck CL, Senegaglia AC, Leite LMB, et al. Influence of adipose
tissue-derived stem cells on the burn wound healing process [J].
Stem Cells Int, 2019, 2019: 2340725.

Li S, Zhao C, Shang G, et al. a-ketoglutarate preconditioning
extends the survival of engrafted adipose-derived mesenchymal
stem cells to accelerate healing of burn wounds[ J |. Exp Cell Res,
2024, 439(1): 114095.

Wu Y, Liang T, Hu Y, et al. 3D bioprinting of integral ADSCs-
NO hydrogel scaffolds to promote severe burn wound healing
[J]. Regen Biomater, 2021, 8(3): rhab014.

Shahmohammadi A, Samadian H, Heidari Keshel S, et al. Burn
wound healing using adipose-derived mesenchymal stem cells and
manganese nanoparticles in polycaprolactone/gelatin electrospun
nanofibers in rats [ J ]. Bioimpacts, 2024, 14(5): 30193.

Filip R, Linea M, Maj-Lis T, et al. Safety & efficacy of adipose-
derived stem cells in acute burns: a randomized placebo-controlled
phase-1 trial(ASCAB) [ J . J Burn Care Res, 2024, 45(Supple 1):
74-75.

Yu FX, Lee PSY, Yang L, et al. The impact of sensory neuropathy
and inflammation on epithelial wound healing in diabetic
corneas [ ] ]. Prog Retin Eye Res, 2022, 89: 101039.

van Netten JJ, Bus SA, Apelqvist J, et al. Definitions and
criteria for diabetes-related foot disease (IWGDF 2023
update) [ J]. Diabetes Metab Res Rev, 2024, 40(3): e3654.
Armstrong DG, Boulton AJM, Bus SA. Diabetic foot ulcers and
their recurrence [ J ] . N Engl ] Med, 2017, 376(24): 2367-2375.
Shi Y, Wang S, Wang K, et al. Relieving macrophage dysfunction
by inhibiting SREBP2 activity : a hypoxic mesenchymal stem cells-
derived exosomes loaded multifunctional hydrogel for accelerated
diabetic wound healing[J ]. Small, 2024, 20(25): ¢2309276.

Xu J, Liu X, Zhao F, et al. HIF1 @ overexpression enhances
diabetic wound closure in high glucose and low oxygen conditions
by promoting adipose-derived stem cell paracrine function and
survival [ J|. Stem Cell Res Ther, 2020, 11(1): 148.

Ouyang L, Qiu D, Fu X, et al. Overexpressing HPGDS in
adipose-derived mesenchymal stem cells reduces inflammatory
state and improves wound healing in type 2 diabetic mice [J].
Stem Cell Res Ther, 2022, 13(1): 395.

Yin D, Shen G. Exosomes from adipose-derived stem cells



[42]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[52]

rpAER U S8R Zl (R RR 2025 4F5S 20 %55 5 3 Chin J Injury Repair and Wound Healing (Electronic Edition), October 2025, Vol 20, No.5

regulate macrophage polarization and accelerate diabetic wound
healing via the circ-Rps5/miR-124-3p axis[ ] ]. Immun Inflamm
Dis, 2024, 12(6): e1274.

Xie Y, Ni X, Wan X, et al. KLF5 enhances CXCL12 transcription
in adipose-derived stem cells to promote endothelial progenitor
cells neovascularization and accelerate diabetic wound healing
[J]. Cell Mol Biol Lett, 2025, 30(1): 24.

Li Y, Li D, You L, et al. dCas9-Based PDGFR-3 activation
ADSCs accelerate wound healing in diabetic mice through
angiogenesis and ECM remodeling[ J |. Int J Mol Sci, 2023, 24(6):
5949.

Cianfarani F, Toietta G, Di Rocco G, et al. Diabetes impairs
adipose tissue—derived stem cell function and efficiency in
promoting wound healing[ J |. Wound Repair Regen, 2013, 21(4):
545-553.

Tseng SL, Kang L, Li ZJ, et al. Adipose-derived stem cells
in diabetic foot care: bridging clinical trials and practical
application[ J . World J Diabetes, 2024, 15(6): 1162-1177.
Mrozikiewicz-Rakowska B, Szablowska-Gadomska I, Cysewski D,
et al. Allogenic adipose-derived stem cells in diabetic foot ulcer
treatment: clinical effectiveness, safety, survival in the wound
site, and proteomic impact[J]. Int J Mol Sci, 2023, 24(2): 1472.
Uzun E, Giiney A, Gonen ZB, et al. Intralesional allogeneic
adipose-derived stem cells application in chronic diabetic foot
ulcer: phase 1/2 safety study[J ]. Foot Ankle Surg, 2021, 27(6):
636-642.

Huang YZ, Gou M, Da LC, et al. Mesenchymal stem cells for
chronic wound healing: current status of preclinical and clinical
studies [ J ]. Tissue Eng Part B Rev, 2020, 26(6): 555-570.

Peng Q, Qian Y, Xiao X, et al. Advancing chronic wound healing
through electrical stimulation and adipose-derived stem cells
[J]. Adv Healthc Mater, 2025, 14(10): €2403777.

Visconti AJ, Sola OI, Raghavan PV. Pressure injuries prevention,
evaluation, and management [J]. Am Fam Physician, 2023, 108
(2): 166-174.

Zuniga J, Mungai M, Chism L, et al. Pressure ulcer prevention
and treatment interventions in Sub-Saharan Africa: a systematic
review [ J ] Nurs Outlook, 2024, 72(3): 102151.

Mervis JS, Phillips TJ. Pressure ulcers: pathophysiology,
epidemiology, risk factors, and presentation [J1.7 Am Acad
Dermatol, 2019, 81(4): 881-890.

Jin C, Zhao R, Hu W, et al. Topical hADSCs-HA gel promotes
skin regeneration and angiogenesis in pressure ulcers by paracrine

activating PPAR B/ 8 pathway [ J |. Drug Des Devel Ther, 2024,

[57]

[60]

[64]

18:4799-4824.
Su Y, Huang Z, Chen Y, et al. Exosomes from miR-21-5p-
modified adipose-derived stem cells promote wound healing
by regulating M2 macrophage polarization in a rodent model of
pressure ulcer[ J 1. J Mol Histol, 2025, 56(3): 135.
Schul MW, Melin MM, Keaton TJ. Venous leg ulcers and
prevalence of surgically correctable reflux disease in a national
registry [ J]. ] Vasc Surg Venous Lymphat Disord, 2023, 11(3):
511-516.
Probst S, Bobbink P, Séchaud L, et al. Venous leg ulcer
recurrences — the relationship to self-efficacy, social support and
quality of life — a mixed method study [J].J Adv Nurs, 2021,
77(1): 367-375.
John J, Tate S, Price A.Non-surgical treatment for arterial leg
ulcers: a narrative review [J].J Wound Care, 2022, 31(11):
969-978.
Elsharkawi M, Ghoneim B, Westhy D, et al. Adipose-derived
stem cells in patients with venous ulcers: systematic review
[J]. Vascular, 2023, 31(5): 989-993.
Holm JS, Toyserkani NM, Sorensen JA. Adipose-derived stem
cells for treatment of chronic ulcers: current status [ J ] . Stem Cell
Res Ther, 2018, 9(1): 142.
Feng Z, Zhang Y, Yang C, et al. Bioinspired and inflammation-
modulatory glycopeptide hydrogels for radiation-induced
chronic skin injury repair [J]. Adv Healthc Mater, 2023, 12(1):
€2201671.
Shen J, Jiao W, Yang J, et al. In situ photocrosslinkable hydrogel
treats radiation-induced skin injury by ROS elimination and
inflammation regulation [J]. Biomaterials, 2025, 314: 122891.
Lin Z, Shibuya Y, Imai Y, et al. Therapeutic potential of adipose-
derived stem cell-conditioned medium and extracellular vesicles in
an in vitro radiation-induced skin injury model [ J]. Int J Mol Sci,
2023, 24(24): 17214.
Yao WD, Zhou JN, Tang C, et al. Hydrogel microneedle patches
loaded with stem cell mitochondria-enriched microvesicles boost
the chronic wound healing [J]. ACS Nano, 2024, 18(39): 26733-
26750.
Zhu Y, Liu X, Chen X, et al. Adipose-derived stem cells
apoptosis rejuvenate radiation-impaired skin in mice via
remodeling and rearranging dermal collagens matrix [J ]. Stem Cell
Res Ther, 2024, 15(1): 324.

(SR FLB3 < 2025-07-11)

(R3S XEE)

FHFY, FED . BB TaRAETAENERRC GAES T R RGBT RBRJ/CD ], PEBRG 55 E(L TR, 2025,

20(5): 442-446. DOI: 10.3877/cma.j.issn.1673-9450.2025.05.013.



