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E AR AR AESBERGARR b, AR AR T @R 84K (human umbili-
cal cord mesenchymal stem cell-derived exosome, hucMSC-Ex)*F E & & 41 4 4m . (dermal fibroblasts,
DFs)#) %76, F-4R 50 8 A48 Fk R 5 %5 (diabetic foot ulcer, DFUVWS & & ¢94E A . @i % #75 ik (&
FEREN . BEMNE. R@AFILERAESF)FhucMSCA=hucMSC-Ex#t 474 & 69 % 2. B B, 4£ )
Western blot#fe %7 5 X047 % 2 RAXDFs R @ A7 &4 . @A X /K. qRT-PCR. 7 £ A (reactive
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S FREAKF . FHEF AT RS, AT RN O LEE ZDFUF 6945 R, %47
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HucMSC-Ex Regulates Autophagy to Enhance the Function

of Dermal Fibroblasts in a High-Glucose Environment
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Abstract The objective of this study was to investigate the impact of hueMSC-Ex (human umbilical cord
mesenchymal stem cell-derived exosome) on DFs (dermal fibroblasts) in a high-glucose damage model and to ex-
plore the role of autophagy in the repair of DFU (diabetic foot ulcer). A comprehensive identification of hucMSC
and hucMSC-Ex was conducted using various methods, including morphological analysis, particle size measure-
ment, and surface marker characterization. Additionally, surface markers of primary DFs were identified through
Western blot and immunofluorescence analyses. The assessment of apoptosis, inflammatory factor expression, ROS
(reactive oxygen species) production, and mitochondrial function in DFs under high-glucose damage conditions

separately were performed using flow cytometry, qRT-PCR, ROS detection, and measurement of mitochondrial
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membrane potential. To further investigate the role of autophagy in DFU repair, the expression of LC3BII/I in

DFU patient tissues was examined through immunohistochemistry and Western blot techniques. Differences in the

expression of autophagy-related proteins were analyzed by extracting tissue proteins. Moreover, hucMSC-Ex was

administered to DFs after treatment with autophagy inducers and inhibitors to observe their proliferation and migra-

tion capabilities. The research results suggest that hueMSC-Ex may enhance the function of DFs under high glucose

damage by modulating the autophagic response, thereby promoting the repair of DFU.
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o 1 1 FRE D7 T PR R, TR T AN S 8] 78 5T 4
Y5 4 AR (human umbilical cord mesenchymal stem
cell-derived exosome, hucMSC-Ex) i i 5 H I LA
T BERE PRI A E o FRATHIEE R KM PR A2 15t
Sz R TT M B A4 B 4 T ) B0 SR AR AR 8

1 RS

1.1 R
LL1 #mfe @O AN 78 )i 140 (human um-

bilical cord mesenchymal stem cell, hueMSC): & id i
JUF i R AR B R IR AT . @ FLB AT e
(dermal fibroblasts, DFs): AR 2H /i ] O &8 8 37 45
B DFs 37 HilE LR (L F]45: 201410085659.1).
1.1.2  E£Z&XHA Jity 4 1137 (fetal bovine serum,
FBS). H % & —fik 5 2 XU H 5 [H Excell 2 7 5 B
B BUIRTE T2 s 77 50 & DA M 8RS DU ik
A& A ElER REVERB D HRAA; PR
AR B 25 [E Cyagen/A ) ; RIPAZSAARR . 5 H B!
Ttk 122 Tt 4770 1) 751 ) € [l ThermoFisher Scientific/A ) ;
CD9. CDS81Jif& ) H 3 [E Proteintech A ] ; Vimentin
PUiRIE B 25 [ Santa Cruz~ 7] ; CK10. CK1635t44 LA
J NIPSNAP1(4-nitrophenyl phosphatase domain and
non-neuronal SNAP25-like protein homolog 1)HiA
H 3 E Abcam A 7] 5 SEHLR P, LLEOTOUEE LR
Dillly H 3 [H Invitrogen/\ H]; Hoechst 3334201 F 3%
SigmaA#l; EHi%IgG. FITCIA H 3% E SABA
Al; B-actinfifA . L FEHi/N R 1gG. FITCY H 3%
Abclonal A @] ; @ ECLA AT & . Annexin V-
FITC/PIH TRl k7 & . 8 = A& K cDNA®EH
BRI S (ZEERH ) ERe I Qe RHE € B PCRE
MRS B B R AR HOR A TR A A 5 Alix.
Calnexin. 0-SMA. LC3B. Caspase3Pifiily H 3 [F
CSTAT]; JC-144kt. 3-MA. CCCP. CsAlHEH
MCEA ],
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1.2 5%

1.2.1 HucMSC#BR¥ZHR  ERBALEK
JEI R JE, ABEYL T 28 DY N R = Be 3R 45 T 9
AT, AT RIS =. EFEN, HEE
10%$7042 25 I PBSIE VUM I Ay 24T 1 2005 e, FHIX
15 min. ZRJ5 44 F 7 B B/ B, IR FH AR BHE R IR
BEBTGI B T PR 2 kA — AR B i ik, [R5 B 1
IR N B o B, AT BCEAE B 15% FBSI)
o-MEME Z2 H, B BT 293 mmx 1 mmx 1 mmK /)
/N S AE 35 mmi IR LRI 30 . Fix Lk
ANIJHE T10 em#EFEILH, AR5 HE T37 °C. 5%
COB5FRFEH 1 h, DABALRZH 21 /INER B8 - b B 5 76 7
M tF. fEHRNEEREH15% FBS. 1%H #H &% —
W I o-MEME FR . BERE 3 B 4 1085 95,
Z110K )5, MU 24 RIE S RIBFERET, +37 °C
SAE T HEAT BREES 16 1 min, I P3~P8ARAN IR #EAT 5
GRSLIS W TT . AW FU I AH DG SL IR 315 BIVL 95 K%
BE A AS HE R G 2 AL HE (LT 52 2020161).

122 HucMSCARF#HFas=k @O Wt
KRR 7E 6FLIR FiENIE &1 0.1% ke, 5
RE 56 DA DR L35 578 55 BEAN IR T o K 6 LR AR
BT LS 230 min, B W R 3% IFERE
ml T, & H. @ 7T 0 hueMSC& i iR
AR, DAEEFL 1x10° A0 1) 25 FE A 7R TR B Ik
() 6FLER _EHEATANB RS 7% . LA R A& N 60% 5
T0%H, LBRIHEEFREE, BALINIAN2 mL A 55 [F] 78 i
TG 5 S e B IRt . BRI 3R M8 FH il
A 37 CIHTEE ) 2% 1 RCE 75 5 58 A s 7R 0k
BHRR R, © WRAOREN: EiFFENE
14~28K , K& 45 45 45 H BLTE BB 35 7R 25 R i
W 2R IRk, PBSTE2IK, BERYES min. ST mL 4%
Z W30 mine HEATPBSHMUE)S, BANFLERTR
BN 1 mLI o A8, HORFR AL S min,
ZJE T 2~3IR M PBSHIYE. 1E BB NS 651
BRI RCE et 2 2R

1.2.3 HucMSCA G #5010 E 56 $37 °C%
PR AR AL 1 min 5 400 LLAEFL 13105441
JH0 ()% B PPRELAE 6FLAR 1, AN FLER TR B4R 2 mL
o-MEME 729K, B2 20 i ik & B2k 21 sl it 100% .
SR, BBRATA B FRIE, IIN2 mLS g 5t as 77
B AE LR . A 3R NIES)S, F 2 mLEAR
HF UL FEBR BN AM. 724 b5, WEB

W, EHINN AT X b AV BRI 2 B R 3A B
SR, SRS ARSI BIR4ERFRE IR TR« fEULIIA], BERG
23R H VB B . ks s, M eFLER
W 22355 S L R SR B G 77 3, I FPBS PR - 4%
5 F R == 05 8] 52 30 min, BEFLERINL.S mLilZLO%%
B TR, PBSHYE. BEJG, K357 B T 54
BN LIS UG Gt 5UR
124 AX@BRAKRMNhucMSCER@mLELS>T 4
RS RIF 10 hueMSCA: K5 8 80%~90% Y, 1
LGN i T R AT R T AL, SR K A i B F AR TR
YA ZE pR R, I AR B B = T 3% 1004
YA, FF 100 pLAI4n i 2R B O & bric iF (1)
1.5 mL EPEH . A2 pL5 M Ribrid 47—
—PU(1:100Fi%%), 7o iR 4, 4 °CHFE 30 min. ¥
FJa, FEAFIPBSBER 2K, 250 xgB 05 min, EFE
FiE. BN 100 L PBS, AR IIA2 nLi%%
(120088, AR A, 4 °CHFE 30 min.
Hb, 250 xg& 05 min, £3F L. A 400 pL
WAl AR ZZ P, SERD EALAS I
1.2.5 HucMSC-Ex#9428 O XG4 IisE A7
HELOALHE: 7E4 °CHAF T, BL100 000 *gft 25 R fit
A IR B EE 16 he BSO5ERE , IR BRI,
Ry LB LI S A R R 4R M . @ W4E hueMSC-
Ex_ i 48300 P3~P8AEAR I hueMSCTE & 10% i34 1M
B a-MEMES I3 rh 59524 W, EFiki 7%, FIPBS
TRl 3R, S5 BE 3 B A R B O iR 2R L 1 o-MEM
BRI, HRBE TR 48 h, R UREE LB . © HIEE
L: 7E4 °CF L300 xgff)id 5 250> 15 min, PAZFRALAN
Ji 5 UACEE TR LA 2 000 < g3 550 30 min, 22 FR4H
MR Fr; BA10 000 xgf1)3d B B5.0230 min, 23 FR4HM AR
F; B G, K EIRE S 25 100 kDa MilliporeitH i & i
H, 74 °CL 2 000 xgff) B 026 AF N IRZEWRAAR30 min; ¢
IRARTAAR LL100 000 xgff I3 250090 min, 3722 35,
BN ULEE, NN TCEPBSHEAT & #Jm, 100 000 xg
29090 min, 72 FiF, A& & FIPBSE & H AUTE, I
TE4 CHAT PRSI . @ 73 5147 &t —iktE
JERRPR AN S, B S S R EPE R, B T80 °C
IVKFE R ARAT -
1.2.6 #FAH 8 F RMEIR hueMSC-Ex  7EPBS
HFi B hucMSC-Ex, 7870184, BX20 pLAsRE o 4 M
P, TR T BRI -« KA I PR X A {3
B R, (AR =R TAZ THHEE 15 min.
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B 25 22 RIS , K40 DXt 131 B E 3% B B RV b,
FIRFE S min, KT, B 5 S S T B U 42
hucMSC-Ex I35 -

1.2.7 Nanosight¥a 2047 5K Em . LT
8%, BU1 pL hueMSC-Ex 18 5k Fl v K i &=
BAERE, S mL— R PETC VG A PR IR, 4R
Ja B HE B BB E . AR, RS IR
B IR AE D BREAT A, B 249 BB 7 A7 it 28
FFTRLEL -

1.2.8 Western blot WAL EE 4 i B A A AR, N N
A B RIPA R AR AR B R A i f I BCAZR
15 I R S e e B TR . SRR AR AL
FEZI 12% SDS-5 T8 M5 Bt i 5 I F vk 70 5, Bl
JE1E 350 mAEJL &4 N AT IR, K O R
FIPVDFE b, 1 5% MR- W =i E 1 2 h, 58
J5 4 CCHRAF NI HAT — P (1500 ) IEH - 2R
J&, FH 1< TBSTHRE L BRIFEPUA, HAESERT
FH HRPFRIE H 1L 2E 0% /DU IgG —Hi (1:1 0007
B Z iR E 1 ho TBSTHEMES X, XS min, {5 H]
ECL A GRS k47 38 51 78 75, SR 5 128 Bk
RICHAGA B AT B8

1.2.9 &/ DFs#y3zs LEFFTE W K
SEEG (0 FR P 3 O & ad T 95 K & SE 6 B W 48 F FA
EMERSHEIFVA (IR &5 UIS-1A-
CUC-2023030904). KfHAE 1~2K I SDAL B L K K3
AOFEFIU ST Bk, B B TN 0.25% Dispase
BRI, 724 CCHEE TR AL . A IR
BEUR Q2L R BRI B L, AR E R
TLE G PRI PBSIE IR R b T Vel . BEJGH L
HAUEETRT mmx] mm*x 1 mm~3 mmx1 mmx1 mmk
NEVZRER, FEREMGTERR TR LA . A AL 10% 164
M7 Fo-MEM$E 7534, KA p s 77 LN 1 i s 57
R AT ER IR R R B LIRIG R, 135 775~ R,
R 2k B — 8 1% FiE, A Rl AE 37 °Ca 4 ML
1 min/5 #4740 5, 18/ P3~PoR ¥ DFsifAT 5
1.2.10 @iz Re FEAEERMAMMpE
W, TR T 4% % 5 W RE A 72 40 30 min. PR
JE FH0.1% Triton#EAT B AL BE30 min, Z2id PBSHEVR
J, 5% BSAREAT =il P4 #E30 min. %M
1:1001 EE 451 FH 5% BSAMRE—HL, 1£4 °C& M T E
R R ATE R Bt = HI L 1200 B L

B SRR b, RS IR T E 60 min/5 it
fT¥e¥% . i FlHoechst 333424 k1474 4L .10 min,
b JE 34T PBSHEMR . BT, WINPLI e KA
FAS 2 BB AT 2 A4 R

1.2.11 %RNA#RIREZGRT-PCRAM  Kf1 mL Trizol
IR, SRR, B 180 CCUKFEId K. BlJS,
BUHAEAR NN 200 pL =& F e, bR RIZUERR S,
SRJGTE4 °Ci# B 15 min. #2545, 784 °C. 12 000 xgff)%%
FERES O 1S mine 5505 IR S 20 2 A HLARAIZKAR,
ANOIREL B KA R AL R EPE . IR
fn FFIMANS00 pL P, 20085, B E T-20 °C
HPTIE. #E4°C, 12000 xgff 5 R B0 15 min, 28
JEIIAT50 UL 75% L BT « A ZIEPE R
HITTHE, SRIGTE4 °C. 7 500 xgff &A% B05 min, &
2 B3 fERES PINERT, SERHIE A A g
HPIRIN, I —E & A DEPCIK, KHHREUH RNAK E T
4 °CUKFEVE R B0, M NanoDrop B & A5l RNAFE
s (PR B RN TG v P A7 100 2 S & R VB F
e, HEAT cCDNAMFE SR RN, AR SEI 22838 5 PCR
WA AL, #H47 mRNARE =R, BT 20
SIMIF IR,

1.2.12 Fwrasen  fEofLik L FE6x10
DFs, 24 hIGEE S INANAS R AL B, 4k 2L 8597 48 h.
i AN L35 1) o-MEM, %18 1:1 000 Eb 451 %% %
DCFH-DA, Z 356 18 72, F PBSTEU 2~3iK,
SRIGEFLINN 1.5 mLE DCFH-DA, i H 5] 8 5 6
FUMJE RS, 7E37 °C. 5% CO.MI4RIE A H N T
30 min. e, FAS B L3 0020 5 577 0 0 4 401 e 3
IR, S BPASE 2 6 B s AT

12,13 JC-1AM AR oA BGIC- TR R AR
T DMSOH, #i % Bt 1 mmol/LIRER . 18 AN & 1.
1 a-MEMMEE JC- 144k, 4% 1:1 0001 L 51 # FE
EF 6L 5 A 7S F7 0, FH PBSYES G /LI
1.5 mLIJC-14¢8L, FH44 6fLIE 137 °C. 5% CO,
(M55 746 NI E 30 min. BEJE, TR ILIE
I R TR R AN B3 YR, LRI AT HARR

1.2.14 ARXAEm@mpeATEL  BPBSEERIEIN
YIS F EDTA [ R, 37 °C2&4F T AL T min,
RJETE4 °C. 1 000 xgf 26 F F B0 5 min, 3% Lk
WL . K 100 pLI 155 & 2 i A F
fn R AR HL LUIRTS Al iR R . BEJS, IS uL
) Annexin V-FITCAHI5 pL R4 A IE YL, 245
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Table 1 Primer sequences

mRNA 5| 4% Fx
Primer name for mRNA

SIFP5I(5'—3")

Primer sequences (5'—3")

I K op
Length of amplified product /bp

B-actin Forward: CAT SCT CCT GCT TGC TGA CT 265
Reverse: CAC GAAACT ACC TTC AAC TCC

IL-1B Forward: TTG AGT CTG CAC AGT TCC CC 160
Reverse: TCC TGG GGA AGG CAT TAG GA

IL-6 Forward: AGA GAC TTC CAG CCA GTT GC 199
Reverse: TGC CAT TGC ACAACT CTT TTC

IL-10 Forward: CTG CAG GAC TTT AAG GGT TACT 217

Reverse: ACA GTG TTT GTT GGG TGG CT

WA); AR R, B E 15 min. 5, A
100 pLI Ix85& 22 i, TR-E 3550 )5 18 H i =0 4n g
PCGHAT LI o

1.2.15 DFs*thucMSC-Ex#94%8 Bl mL# R
hucMSC-Ex 51 uLIDiliw iR 2 5, 7537 °C F &G
% E 30 min. BlJ5, ¥IREGPHFE A 100 kDaitB e RS
D, 4°Cy 1500 xgB 0230 min, B EATIEERAE2
Wo ¥4 DilkRic i hucMSC-ExFIDFs7E37 °CIH 40
MR TIE 12 he AWFFE hueMSC-Ex#% DFs%
PSR 4% 2 5 BRI e 4iie, eIt R E
DI N TSR .

12,16 %zALAFEE O AT Bk 2
K AL 70 CCHFERE 1~2 he VIR EE
TN Z R g i, &F9K15 min, 520K B 5,
1 100% 95%- 85%- 75%3F k& AT 1 FE i K
R min. &5, F U A I ddH0H P53 min.
@ K& N VR LB 3 3% HO7E iR 5 414)
J730 min, PBSPEER 3K, K5 min. & HEEHL
Ji o FH BT B T ) ) 1< MO R Eh 4 v IR & T L
30 min, fH HARRH 5, HPBSHES3 K. @ 3
M fE = NEH 5% BSAH 3 min. ® ¥ —#
PA1:10070kE, B TR A 1E4 °CHFFE &, PBSTE
PR3, BER10 min. © EY)ZEA —HU(1:300F4FF)
Ei T E 15 min, PBSYES. @ SABCIKFITEE
18 N 9% B 20 min, FIPBSHEATIE% . © DABE
2 11~2 min, ddH, O . © J3 KK E 430~60 s,
ddHOM . QO it 7K 22 52 i it e 22 7K 25 BR 1) i
AR , B2 0 b AR AR DA [ SE 3 R, R
TR

1.2.17 @mfe o R =% DFs4l it TiH1L,

IEEL2 00040 A B /NI, FE4rTR AT &0t
24 Wi I | W ITAH B Ab B . BB 3K B 4
VUG e A 973 . 25 9~12K )5, FEL4iuEs
TR, A8 FH 4% 22 58 1 [ 78 40 920 min, 28 J5 FHPBS
Ve 3R AT 45 A YL 8 5~10 min, B 5 B
PBSYESk. 411 B ISR 4N A A v 11 /MR B
1.2.18 Transwellif# %38 i DFs4lf fhAd 26 5L
B, 23 WG BE 5 AN N AH L Ab B R 2R . i FH g
THALRR A EEIE 3 90% M4l i BHJS, K 3x 104 il i
WG BIFT200 LG E B 775, 4 2 Tran-
swellERAR P L%, [FR, /£ N Z= 1A 600 uL &
H10%J6 24 M MR 2L . ££37 °C. 5% CO4
M55 740 TR B 20 )5, 1E4%% 5 F I 0 [ e
M 30 min, SRJ5 1 B 45 il SR I G B A AT
et fEPBSIE VLG MR HIE R /N E IR .
5, K RE T, JRE R T L.

12,19 %it¥ 4947 fliHGraphPad Prismif 174t
TN, $cdla LA bR 2 () o . i Ty %
IMTITTE, IR A M 2 S L. P<0.053
INESE ARG R L.

2 #R
2.1 HucMSCHIEHZRREELERE

WA LB HETEA N T 20% FBSHIXUHL
o-MEME; FR R i BE RS 9% 12K )5 , JE AR hueMSCHE .
s 2RI TER, I BROIE iR R 4R (B
1A), S 21 RMECE 7 S50 G, s Ra e ass
SR, MET XA, F SERA RN S 63
1 (B 1B). fEREREFREE AT 18RS 1775 ,
SXHREAMEL, TR0 T AT ORI S hs 7 44
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(A) | (D)
(=3
&
(=3
= 3 2
] P2 (0.19%) = P2 (0.07%) =Gl %
E E 5 P2 (0.09%)
U U O 4
=g
(B) ]
| .
10 10* 10° 100 10° 10°  10° 100 10' 10°  10°
Mouse IgG FITC CD34 FITC CD45 FITC
S
o o 4
=
(S} (=3
] =
(© EE £ N
; 28] . 3 P3 (96.99% g 0
= 8 P3 (0.21%) 8@ (96. ) 8 P3 (98.61%)
(=3 =] o%"
g ]
o ey o . - o
10° 10* 10° 10° 100 10* 10° 10° 100 10* 10° 10°
Mouse IgG PE CD90 PE CD105 PE

A: JFARhueMSCHIE A MEE; B: hueMSCHI I 15 434k; C: hueMSCHIBUIE S 54314, D: UK Ml hueMSCR AR S K ik o
A: morphological observation of primary hucMSC; B: osteogenic differentiation of hueMSC; C: adipogenic differentiation of hucMSC; D: flow detec-

tion of the expression of surface markers of hucMSC.

Ell HucMSCHIEFHRRHEE
Fig.1 Culture and identification of hucMSC

IR TR B E T 2 g (B 10).
T A A SR hueMSCER bR £47), 45 R /R CD34
AICD45 2 JIPE, TCDOAICD105 £ BH 4 (E1D).
2.2 HucMSC-ExHINB4EE

15f Y 06 T A 222 TR 3 5 00 6 hueMISC-Ex
BEAT Sy il . @I E S T R EE SR, FRATT AT
LU 2 hueMSC-Ex 2 I A 1 AOfR B2 R 265 44 (B
2A). KR4I BTSSR IR, hueMSC-Ex [ B 4% 32 245y
Fi{E180 nm/ £ (KEI2B). Western blotZ7) 7 ) 45 5 &
7N, hueMSC-ExflhucMSCH#H 4% 1A CD9. CD81.
AlixZERFAE B (7, 4R110 Calnexin?E hueMSC-Ex
AKIE(E20), XK AR 73 B H T hueMSC-Ex.
2.3 SDARERKAHEMBIERIERREE

WEEERE TR 6K J5 , TERAE TSR I, B4 SD
KR B AP ) DFs IR, IR T e
ARG (KI3A). Western blot7r HT3 B, DFs#ik T
Vimentinfll a-SMA(F 3B). £ %)% % Y/ B+, DFs
FI H CK10FICK 16 FIHARFRIB BIA K IE FIRFAE, 28
T Vimentin. a-SMARIFAPHZIA N A AP (E3C).
2.4 HucMSC-ExZ& R SHESSHER T4 A
o=kt

7£ DFs5 huceMSC-ExBt 58577 12 hig , FATH

21 A YR DilbRiC hueMSC-Ex, ¢ 6 i N g2
B M A LA 78, 3R DFsa] L i 7 Wi 11
77 A hueMSC-Ex( 4A) . 78 b Al AR {4 Ab R
J& , mEFELE R 0B 7 IL-1B. TNF-a. IL-65%
EEI SN, WANASNBA R, e R LG
B, SURFIE, P T IL- 10/ I8 2 A FH = 1)
i (K 4B). @Ik DFsRE S AR B, &
AL HE 5 3 DR TR 2 3G PR, T AN ik 2 2 B8
K 7R R SR (K4C). S mpikiE, 5
I AR b, SRR R F AT AR, T 220 AN A Ak
G, kiR IR i AT 5 (E14D) . FIH Annexin V
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A 37 S LB 22 hucMSC-ExTE 45, B: Nanosight 4 illhucMSC-Exi 1243 4ii; C: Western bloth& Il /M AAFRIEHICDI. Alix. CD81. Calnexin.
A: observe the morphology of hucMSC-Ex by transmission electron microscope; B: Nanosight detects the particle size distribution of hucMSC-Ex; C:
Western blot was used to detect exosomal markers CD9, Alix, CD81 and Calnexin.
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Fig.2 Isolation and identification of hucMSC-Ex
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A: observation of the morphology of primary DFs with microscope; B: Western blot was used to detect DFs surface markers; C: immunofluorescence

was used to detect the expression of DFs surface markers.

E3 SDAREBEKMAHEMABHIRRIZFRREE

Fig.3 Primary culture and identification of SD rat derieved dermal fibroblasts
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LKA B AT, B AT . n=3; *P<0.05, **P<0.01; ***P<0.001; ns: ILRENZE R,

A: the observation of the uptake of huceMSC-Ex by DFs with fluorescence microscope; B: real-time fluorescence quantitative PCR was used to analyze

the expression levels of inflammatory factors in DFs; C: fluorescence detection of the generation of reactive oxygen species; D: JC-1 dye was used to

detect the mitochondrial membrane potential of DFs; E: cell apoptosis was detected by flow cytometry. n=3, *P<0.05, **P<0.01, ***P<0.001, ns: no

significant difference.
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Fig.4 HucMSC-Ex alleviated the damage of dermal fibroblasts induced by high glucose

(A) (B) Wound of DFU patients

#2 #3

Caspase3
NIPSNAPI Wound edge of DFU patients
#2 #3
LC3B
B-actin

.

A: Western blothe: Sl DFUF A ZH ZUb5 A G125 R @1 T v 15 W AR T2 OG BR 1A IR AR I AR 00 B: e R 2L 23U K DF U N ZH 2465 A 6 22 A0 61 ThT

PLC3BIRIA G Ol SO HEF/RLC3BINRIA

A: Western blot was used to detect the expression of autophagy and apoptosis-related proteins in wound edges and wounds of DFU patient tissue

sample; B: immunohistochemistry was used to detect the expression of LC3B in wound edges and wounds of DFU patient tissue sample. Black box in-

dicates the expression of LC3B.
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Fig.5 Autophagy participated in the repair of DFU in vivo
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A: after CsA treated DFs for 10 h, Transwell was used to detect the migration ability of DFs; B: after CCCP treated DFs for 8 h, Transwell was used
to detect the migration ability of DFs; C: the analysis of migration ability of DFs after 3-MA treated DFs for 8 h; D: after treating DFs in RPM for & h,
Transwell was used to detect the migration ability of DFs.
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Fig.6 Autophagy was involved in regulating the migration ability of DF's
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A: after CsA treated DFs for 10 h, cloning formation experiment was used to detect the proliferation of DFs; B: after CCCP treated DFs for 8 h, cloning
formation experiment was used to detect the proliferation of DFs; C: the analysis of proliferation ability of DFs by cloning formation experiment after
3-MA treated DFs for 8 h; D: after treating DFs in RPM for 8 h, cloning formation experiment was used to detect the proliferation of DFs.
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Fig.7 Autophagy was involved in regulating the proliferation of DFs
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A,C: Transwell assay was used to assess the migration ability of DFs after treatment with hucMSC-Ex and autophagy inhibitors CsA, 3-MA; B,D: plate
clone assay was used to evaluate the proliferative capacity after treatment with hueMSC-Ex and autophagy inhibitors CsA, 3-MA; E,G: Transwell as-
say was used to examine the migration ability of DFs after treatment with hucMSC-Ex and autophagy enhancers CCCP, RPM; F,H: plate clone assay
showed the proliferative capacity after treatment with huceMSC-Ex and autophagy enhancers CCCP, RPM.
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Fig.8 HucMSC-Ex regulated autophagy to enhance the proliferative and migratory capacities of DFs
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