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Del-1 24K BifL/ 22 2K B RGBT (R R AEH IR INE B MERK ODEEE
BRI B 5 230000 A, o ERLAE HR AR 8 — PR B (R L) KR

[FWE] HNY #HiTnzE k8 WA HE EE-1 ( developmental endothelial locus-1, Del-1) 4 K ik /1
22 FIKBER /NS K R B s . Jiik 7E 6~8 Ji BALB/c /N B R IR FHRLEHF 12 h
RS 12 h JEGER 4 dJESAE R NS 3 AL, B 8 B, 4l 45 1 B KA T PBS | 22 2 /K BE I 5K
Del-1 YKL/ 22 2K BERSRYT , A0 BT RN 5%, ELHRYT 9 d, HE Masson Yy 85 Kz ik 20 21
WAL CD14 F1 TNF-o 1) 38 5 Stk I A1 1T W 41 it R 48 8E PRl - 28 3k 5 2 48080 T B ( tert-butyl
hydroperoxide , TBHP ) {2 il 38 /)N BRUE W40 il 22 RAW 264. 7 F/INERIALAS PN B2 21l 22 C166; 78 C166 2
ik Del-1, 45 Fh 5 G @RI B VEAN TR s RT-qPCR Al 2 E 7 1L-6 ik, &0 /NRUSEEIE
S Del-1 9K BURL/ 22 28 7K Bk 2L i B 1T A G PR T 22 25K BER 41 AN PBS 21 (P<0.01) 5 Del-1 4K kL
22 ZK BB TE 1Y) TNF-o S CD14 () 3R3A 8T 22 /KB4 A1 PBS 20 (P<0.01) (B AR FZH 4
B =T PBS FIZ2 2 KBS (P<0.01) o fARSMSERGUESE TBHP 34 F 40 i 1] P B2 40 M8, {2 Del-1
HFGRH B VRN 3 B % PR (P<0.01) ;RT-qPCR 27K Del-1 #ii] 1 1L-6 35 (P<0.01) . &5
Del-1 ZHK UL/ 22 3 7K BE RS REAS I/ BRI A, HAIL I AT RS i i e ik R e TH IR fZH B 5 .

[KIA]  Del-1; 2R E A @M H A VAN ; RAETHR
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Del-1 nanoparticles/silk fibroin hydrogel accelerates the healing of chronic skin

wounds by promoting inflammation regression
KAN Xuewei, YAO Pingping, CHEN Jiagi, TANG Jun Department of Dermatology, the First Affiliated Hospital of
University of Science and Technology of China( Anhui Provincial Hospital) , Hefei, Anhui Province, 230001, China

[ Abstract | Objective To investigate the effect of silk fibroin hydrogel loaded with developmental
endothelial locus-1 ( Del-1) nanoparticles on the healing of chronic skin wounds in mice. Methods The
back skin of BALB/c mice (6—8 weeks old) was pressed with a magnet for 12 h and then relaxed for 12 h, for
4 consecutive days to establish a chronic pressure ulcer wound. After infliction, the mice were randomly
divided into 3 groups (n=8), and the skin wounds were treated with PBS, silk fibroin hydrogel or Del-1
nanoparticles/silk fibroin hydrogel. The wound healing was recorded with camera to calculate the wound
healing rate. In 9 d after treatment, HE and Masson staining were used to observe the wound healing, and
immunofluorescence staining for CD14 and TNF-a was used to compare the appearance frequency of skin
macrophages and the expression of inflammatory factors. After Tert-butyl peroxide ( TBHP ) was used to
stimulate mouse macrophage RAW 264. 7 cells and mouse vascular endothelial C166 cells, C166 cells were
transfected with lentival vector to overexpress Del-1. Crystal violet staining was used to observe the migration
of macrophages. RT-qPCR was used to detect the expression of inflammatory factor 1L-6. Results The
wound healing was significantly faster in the Del-1 nanoparticles/silk fibroin hydrogel group than the silk
fibroin hydrogel group and the PBS group (P<0.01). The expression levels of TNF-a and CD14 in the wound
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surface were lower ( P < 0. 01), but collagen deposition and tissue repair were better in the Del-1

nanoparticles/silk fibroin hydrogel group than the silk fibroin hydrogel group and the PBS group (P<0.01).

In vitro experiments, macrophages migrated to endothelial cells stimulated by TBHP , but the migration rate of

macrophages was significantly lower in the Del-1 overexpression group (P<0.01). RT-qPCR confirmed that

Del-1 inhibited the transcription of IL-6 ( P<0.01). Conclusion

Del-1 nanoparticles/silk fibroin hydrogel

can significantly accelerate the healing of skin wounds, and its mechanism may be through promoting the

regression of inflammation and tissue repair.
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Del-1; silk fibroin; chronic wound healing; macrophage; inflammatory regression
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FORE AR . LIU 25 4 BB 40 K 50/ 2 25 SF
KSR IR A7 B R 2R B S R I 1
HERZE B ZNY SF 7K EE I8 I8 41 1) 48 TR RS BT i 1 4
A" R (kIR AT LIS B 25 4k
B P A A 3 A I, O 253 1 R
Giiyfii'" . MONTALBAN 4511204 2 2 2 11 4k fF 42
IR VYUK ORI 2 2 R A
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BAEE, TS 8A 2R LM RIE4E R RS
FEAEM . ESKAN 25 458 T Del-1 Befg /N2 A
R TR B T JE 6, TE T 4 N 22 2 A T Al A 7
H Del-1 i A S 7% Y HG B A 760 /N Bl O 3 03 1
RAE SN TR LRI I KT Del-1 B HEHIE
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HETXF Del-1 £E HAgm (1) 0 AR & i 1 4 S P25
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PP OB, a3 Del-1 22 25 40 K WUk H

RATE SF K EE K ( NPs@ Del-1-SF hydrogel ) H, 4 > fir
FHE5R Del-1 25 1 194G &40 26 % Ve, 22 3K BEE ]
DAGRAPRITET SR ALORIE AR Ry e 3 A S 4 o8 B T ) 45
SEBITAERT, X AT LUK Del-1 3677 B IR o B2 43 S 50
WA A OIS B A R i

1 #R5H®

1.1 DREAEA L NPs@ Del-1-SF hydrogel F 7

BALB/c /NER(6~8 J&, I, IR i 18~25 o) &
P ol 2 4 15 DR 2 S 30 2l ) 4 R A BT A 2 D s g
(AMUWEC20230373) , ph i 25 4% BE K27 S50 sl ) v o
Pt 11 3% 6 24 (50 mg/ke) RIEE/IN UG B 2
HHE,MHER 8 mm & 1.5 mm [ 84T @ 2%F
T BB IRt e 7, B R AR SR 12 h, s 12 h, $R4E
4 d HRIE . T BB R IR IEAL 24, 4 /)N
BT 3 2, 22 ZOKBECAH (SF /K EEREA ,n=8) 1A%k
Del-1 2} K WL Y 22 2 K BEE 41 (NPs@ Del-1-SF /K 5E
W4l ,n=8) LA PBS 41 (n=8) #F1TIHITHFL 9 do Ny
T VAR K B I G R A e 1t 9 1) A R FE SR
0.3.5.7.9 KX tiz R M0 IR, 7255 9 KEREEAL L/
B, SRR YT 2H Y He s B2 IR 2647 HE  Masson 44,
P2 2 LA G AR LS B T PN SE IRl -5 R M 4 1)
ik ] Tmage J 3 AFSGETH Masson G4 rp () g I 25
&, TR DTG 38 = 100% - (4 | 1T A T b6
C A% 100% )
1.2 SR RAEEE

K/NRIRITH 9 RIWKARA LD T 4% 2 5 Wik
R 30 h, Znb A g3, Ul K& E
T IRAE 2, oA TP ot 46 Ak ) i BEL OB, F A ), S 40
CD14 #i {4 ( Proteintech, 3¢ ). P TNF-a HT &
(Bioworld, £ [ ) 7£ 4 ‘CHFH 14 h,PBS P55 Alexa
Fluor 488 594 %¢ ) 1 ( Proteintech, i,y )37 CHEH
YIR 1.5 h, Pk )5 DAPT 444 10 min, JE 5 90
B IR (Leica, 185 .
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1.3 Evmiett i

SR 1= 107 15 P B2 4 ( G166, db 4h ik A4
PIER A, A0 B At 263k Del-1( HBLV-m-Del-1-
3xflag-ZsGreen-Puro, {X {8 4 ) /A 7], L) B% Lenti-
C166 42 bt fe 24 FLARE, FF 405 B2 ik 3
60% I , A S8 AUT B (TBHP ) 40 pumol /1. 4] 3 4
24 h J5, 4% Transwell /NZE i A C166 41 i |, B
RAW 264. 7 4 g (1x10°/4L) 7 Transwell |2 1 5
24~48 h JUH/INE 4% 22 W AL BEZ0 Y 10 min, i
AL 2 YLk} (Beyotime, [17) Y {8, 14 min, PBS i
UEIG PR R R /N E ERER A0, 72 AR T A
TS
1.4 NPs@ Del-1 4k A B 2m e 5 5% B

22 F R I W A R AT SET 6 S0 pL
0. 8 mg/mL Del-1 % [ ( novoprotein, 7R ) L 1:10 )
Fii EAAF] 100 WL 22 5 8 F R (4 mg/mL) g
OIS RHE S TR 200 WL 2622 38 8 H IR0 2
T TN T 7 T 5E A0 DY R Y WP (5 omL) , i JiE 30 s,
10 000 r/min £§.L» 4 min, ZBRAER, 3152 2 5 1K
VRGN KA T2 38,6 000 r/min .0 10 min, JFLR F
Ve LA 12 000 t/min B0 10 min, 3458 NPs@ Del-1 £l
NPs, 4 2 Fpgikb 15 % FH B 54 SRR (RBITC,
R AR AT, TR ) GG 30 min, # ] DMEM
BB vE 3 i J5 , FHRE IR IR S A& 100 p inA
I EE ) C166 i 5537 20 h )5, PR [ 7 P41 41
JfiJ5 54 Del-1 i (Abcam ,MA)4 CHFF 14 h, 5
Alexa Fluor 488 5¢ ) —#1 ( Proteintech , #;7 ) 30 °C 4k
P15 h, PEIRAN M )E 5 DAPI Je 8 10 min, 755 56 5.
flBE R HH 8 (Leica, 78R .
1.5 Z2F&aKRERA R H NPs@ Del-1 £ Z K%k

7 45 &

B 0.32 ¢ RULHEMAE 3 mL £& 7K 785078
f# 30 min,$f 850 wL A% 1 mol/L NaOH % ¥k A1 850 L
20% (w/v% ) & LMV WA 2 R A W h OF 5E
SYEFE, HE 2y R BEJSTE 2 iy BRI
AN 2 mL 20% (w/v% ) (200 mg/mL) 22 EE AV
WFI NPs@ Del-1 5 2 mL 20% (w/v%) (200 mg/mL)
2 K E AR BIR G Y e, 7 30 C R ACE 12~
24 h J5 22 F KB NPs@ Del-1 22 2 7K BRI LR
1.6 NPs@ Del-1 f& 22 2% & /K& P o9 Bac ik Rl 2

¥ RBITC #5644 {% 30 min 1) NPs@ Del-1 243
24, — M T HRIEARE T £, ) — 0y e 20 SF /KB
e FRBSIE o B HARMOAE 15 mL PBS 57K 37 C,
TS 2 h 21 100 WL PBS #A 2] 96 £LAR Hr , I #b

78 100 pL Frfif PBS AR SHRMLAR . 7E 540 nm
T 7 JG T2 YR 1 88 L, AR AT o A 1 2 B BB ) 20
b/ AR BT EE
1.7 $8t% %23 RT-qPCR &40 Del-1 F= IL-6 ¢4
ik

1x10° ZHMifin 1 mL Trizol X742 H RNA , il 5
W IE 5 01 PH 03 5 5312700 & ( ABclonal , i) 103 5% 5%y
cDNA, Ziififg mRNA 3K K-F- M4 Co {5, 7k
2725 BRSIYFILE 1,

%1 RT-qPCR 3|#/ 5]

M JFF(5'—3")
iE % : AGCATACCGAGGGGATACATT

pelt 2 X : CAAGGCTCAACTTCGCATTCA
L6 iE X : CCAAGAGGTGAGTGCTTCCC
J2 3 : CTGTTGTTCAGACTCTCTCCCT
B-actin 1E X : CGCTGCGTGACATCAAAGAGAAG

Jz SL: CAAGAAGGAAGGCTGGAAAAGA

1.8 %t o

RS dE R 3 P b, >Rk H Origin 2020 4K {4 X}
BRI TE AR PE R A R UL xxs TR HEoR, 2 4]
PRk ¢ K56, 22 410 B AR 5 25430 #, P<0. 05
REZFAGIFE L.

2 %R
2.1 Z2FREIRAF2R BB B NPs@ Del-1 64 #3%
@

I B R R 22 R OKBEAE SE mi s 2 LR (A
1A) . YKk 2 [BJE , B2 298 200 nm (& 1B),
1 NPs@ Del-1 7 T 22 R B FUKEER T, A i B2
R RGN AT 4 5] 3 A e A b (18 1C) o dE it
4 RBITC JL {8 J5 (1) NPs@ Del-1 11 2 7E SF /K BEHLIFi=
WAE PBS K, 55 10 2K NPs@ Del-1 it i 32 345 3|
47% ,WEW] SF K BEIE RN REPLB (& 1D) .

2.2 NPs@ Del-1 # 1 i 48 foo 5w

YT SF YRR AT 2 i Del-1 3 A4HHL, ¥ NPs
@ Del-1 F125 # NPs ] RBITC ¥t 8, 35 /N R4S
BN AR (C166) M5 5% 20 h, e 7Y (45 2R Bos
NPs@ Del-1 1] JIii F1] 3 A C166 4 iy, 7 NPs@ Del-1 §iF
HI C166 4P Del-1 A 26 E & B 3 5 T4 2
NPs 5 & 200 (2. 28+0. 13 vs 1. 00+0. 19, P<0.01,
2) o G NPs@ Del-1 i N B 20 Jifl A W i m] ¢
AL ZE ) Del-1, LLE A58 M Del-1 (7K,
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2.3 NPs@ Del-1-SF 7Ktz hmig ) RIEFAG 0 A5
FHRFE NPs@ Del-1-SF 7K $ I Xof 18 11 1 7 3%,
HlFE/IN BRI AR A, 433 fd ] PBS | SF 7K #E it F1 NPs
@ Del-1-SF 7K & B0 i B G BN T #E 17697, B 2 K
i 1 YOKEER B, XTI AT ST K
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FSF K BEREA (P<0.01) ;55 9 RANH A G N
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(& 3), #H] NPs@ Del-1-SF 7K 5% i X6 /)N Bz e JE
MG RO i, I 174 D@ a
2.4 NPs@ Del-1-SF 7K #1538 An ) & I R 047
YHARITER 9 K /NI B ik iE4T HE F1 Masson
Yeta SrHr AT A AR R BRI AL R AR AL 25
7~ NPs@ Del-1 22 2 KEERIHYT 440 1 i & e ds,
B KB s HL T L R AL FE B 5, PBS A1 SF 7K BER 417
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2.6 Del-1 Fp5) B o 2m fen o 3245 Ao K B F 69 B 5%
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\ 5 -4 e BT P ¥k "’°¥%£i(§ ;‘-’ 't.“' 3
(b ] Bl i, ° e g Wge T e o Woe >§‘\ T fat ". . A,
o ".. 5 P "" 5 :og *3 g\g,,k-s 3 ‘ \a ,o f'.. pe 8 .
. OB y .’ i : KA ("‘*’ ¢ Ne &j‘ ‘ » . S,
p R e . s o sf P : l\‘ ‘\‘a’ '
S Gng b £ A O :ﬂ /\‘{‘ 4 .! £ 0 W
. s R Faniy ol & '3 R ,)g’,y - E,A & i <
° .’;" o ° % 'ooo .ﬂ ( ‘ %’:s;r":g:v;% L ] % ,‘5 " 6 g '»,\ g
e 300 o h My b 2 00 um ¢ o O D 1&:- 5T K o0 i
\ B S _L i 3 ‘." D o d Y. ﬁef\ A‘A& Q.& i » - .200 o A
200 = b 5 NG
it [ Lenti Del-1
160 H 44 CINC+TBHP
ﬁ [ Lenti Del-1 +TBHP
:g 120 g 34
)==1
ST [2=1
o) E
"_‘*K:‘) 80 - 2 -
dl a
40 = =14 ’—f ’—x—r—
a
0- 0
NC Lenti Del-1 NC+ Lenti Del-1+ Del-1 IL-6 C
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