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[ Abstract | Objective: To explore the effect of hydrogel loaded with exosomes from
Wharton’s Jelly-derived mesenchymal stem cell (WJMSC) on wound healing. Methods:
Exosomes were extracted from WJMSC, and the morphology and size of WJMSC-derived
exosomes (WEX) were analyzed by transmission electron microscopy and nanoparticle
size analyzer, respectively. The surface markers CD9, CD81, and Calnexin of WEX were
detected by Western blotting. Exosome-loaded alginate hydrogel (WEX-gel) was
prepared; its morphology was studied by scanning electron microscope, and its rheological
behavior was examined by a rheometer. The in vitro drug release performance of
WEX-gel was investigated by BCA method. RAW264.7 cells were treated with alginate
hydrogel, WEX and WEX-gel, respectively; and the expression of CD86 and CD206 in
macrophages was detected by flow cytometry. A full-thickness skin wound model was
established in mice; the model mice were randomly divided into blank control group,
WEX control group and WEX-gel group, and PBS, WEX and WEX-gel were applied to
the wound area of mice, respectively. On day 3, the skin tissue of mice was excised, and
the antibacterial effect of WEX hydrogel was evaluated by plate counting. On day 15, the
mice were euthanized and the percentage of residual wounds was calculated. The
histological changes of the skin wound were observed after hematoxylin and eosin (HE)
and Masson stainings. The expression of CD86, CD206, CD31 and vascular endothelial
growth factor (VEGF) in the skin wound tissue was detected by immunohistochemistry.
Results: Exosomes were successfully extracted from WJMSC. WEX-gel presented
a regular three-dimensional network structure, good rheology and controlled drug release
performance. WEX-gel promoted the polarization of RAW264.7 cells from the M1
phenotype to M2 phenotype in vitro. The residual wound percentage in blank control
group, WEX control group and WEX-gel group were (27.5+3.4)%, (15.3+1.2)% and
(7.6£1.1)%, respectively (P<0.05). The antibacterial property of WEX-gel is better than
that of WEX (P<0.05). The dermis thickness, the number of new hair follicles, and the
rate of collagen deposition in the WEX-gel group were significantly higher than those in
the other two groups (all P<0.05). The expression of CD206, CD31 and VEGF in skin
wound tissue was higher and the expression of CD86 was lower in WEX-gel group than
those in other two groups (all P<0.05). Conclusion: WEX-gel can significantly promote

wound healing in mice by regulating the polarization of macrophages.

[ Key words ] Wound healing; Mesenchymal stem cell; Exosome; Alginate hydrogel;
Macrophages; Mice
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Wharton’s Jelly £ 2 &9 18] & T 28 . (Wharton’s Jelly-derived mesen-

chymal stem cells, WIMSC) ; WIMSC & /& 45 9F 3k 4R (WIMSC-derived exosomes,
WEX) ; f2 /8 1 & & K B F (vascular endothelial growth factor, VEGF) ; 72 RAAg—47 41
% & (hematoxylin and eosin staining, HE % &,) ; B8 8 3k 2% * #& (phosphate buffered
saline, PBS) ; + = %% X AL B2 44 (sodium dodecylsulfate, SDS) 5 & 48 = #. T % (poly-
vinylidenefluoride , PVDF) ; 4-vt i -20 ¢4 Tris £ ¥ i& (Tris buffered saline with Tween-

20, TBST)
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B 2 AR TEUT s WIMSC Ry 2003 15 28 A A Bl 4
ABRAFE =M. REME 1% HER-HER
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TGY RILZF T AR R R EY IR A R
U BB FE AN Ak F1 . WIMSC 7E &5 A 10% JE ok
WA I T RN 1% 5 B 2 — 4 % R I W DMEM/
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H 1S T 086, R5H40.3.6,
912,15 KL A7 I 41 B, {8 FH Image-Pro
Plus 6.0 A4 T AANTH A 43 Lo 4B, R4l i
o F=5 n KA 05 AR/ 0 KA 5 1 X 100%
1.7 SEHGTHEGE RN WEX KB B9 PT 5k
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ST SI3  F 100 L A3 7R 3 4 22 B P
P AR AR R RR PR RS 77 KW 3 A 1) T H B8 ek
TG R IR I (R BEPE RS 3R 4 W R A BRI ) o
PR B T 37 CRYAE AR BE =M b AT 3] B 8 %
24 h g XA B T IS IR LA A TR
1.8 HE L@l g el 21 Bl AR {

TG 15 d, 2R HIBUME N7 75 X6F /)N B St 4
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3 min, ARG G A S min, K2 FIKPES S min; H
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WS IF B K bt KL A B+
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22 i i A KAR S , U1 R 7E 56 “CF FH Bouin ¥
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VIR e 28 /149 7 ML 2047 BUECR 4R | 1 Image-
Pro Plus 6.0 A0 BAR 53 B I B 2 I TR
1.10  fEdgib2= K Zh 214 CD86 ,CD206 F1
CD31 1)k
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rh 2 AR AR A O o B R AU 5% HE R
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CD86.CD206 1 CD31 —Hiab Y] /-, i AEW &R
eFRic i ZPeEfe IR AR R e o, fe)n
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VEGF 7E 40 ifd Jit Hh S AR 8 €8, CD31 334 T4 i i
R, BEALIE R 20 LB IR AEMRAT B T
FA 1R, 2K FH Image-Pro Plus 6.0 [E1% A0 B AR 443 Bt
CD86 Fi1 CD206 7E i J§g 21 2L b (1 B 43 26 BE A
1.11 Gtk

fifi F GraphPad Prism 8.0 A4-# AT 5115047 .
Kolmogorov-Smirnov £ 9 FH T-Jr i IE A1 , 1E &4
A 0 R B B e i 22 (3 £ 5) ROR T
PR 2 22 0 T BRI R 22 4 BT b AT e R
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SEBAGERE L

2 &5 B

2.1 IR WEX

I T B 25 R BoR , WEX 2 R s i
FE (1) s WEX 1Y% B R 1.34X10°/mL, -3 B
B (118.0+21.7)nm, 2K R ED A 45 R R0,
A3 B B AN E B AR DU B 5 AR 1, 4 CD9 Al
CD81 (AN FH AR &) | i AN IAMA B PE bR

Calnexin 25 [ 7€ 43 15 ) AN AR UL AN AEAE (K
2). AL WIMSC B3 Hh s E WEX

,_ 9. e "
WEX 7 [ JE S0 [ JE 45449, 45 =500 nm. WEX:
Wharton’s Jelly 774 1% [8] 78 53 1 20 IR I8 4 S b 1
1 AT RMETT WEX B
Figure 1 Electron microscopy image of WEX
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CD9 24000

CDg81 25000

Calnexin 90 000

WIMSC : Wharton’s Jelly fi7 4= # [8] 58 i+ 418 ; WEX :
WIMSC A5 FI A A .

2 WEX T MBI bR S B9 S K A
Figure 2 Exosomal markersin WEX determined by
Western blotting

2.2 WEX/KEE LS55

SRR, B 1% FAALES I R KB TE T d
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AT RS E -

XF WEX 7K B e 1) U A8 27 R 15 AT 6 I %
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R THAEA (G, WL 4. 3 5 7 B3
FUE 7 , WEX 7K BE I 2R 1H A 1VF ZFLBR, K/
50 3 150 pum AN, 5 53 BER KL T LOULEE 2] 7
ZRAE WEX /K BE S H 4 Zh i A A (1] 5) o
2.3 WEXKEERE AT 855 RS h B g 4 ik £k

T AR I 25 3R I, 5 25 LT IR L
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Figure 3 Drug release profile of WEX-gel with
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Figure 4 The storage modulus and loss modulus of
WEX-gel determined by rheometer

WEX /K BERE 2B ZALE5H , FLBRA /N R 50~150 wm , B SG WT LA %% 31 671 2
TEIKBEIE P B SN ARIORE (7 K35 78 ). 22 BIAR =50 pum , A7 181 H5 =500 pm. WEX:

Wharton’s Jelly 7774z (14171 78 5T 141 B A I 1) S I A
5 WEXUKEER B0 7 BB &

Figure 5 Representative scanning electron microscopy images of WEX-gel
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2 A1) THT A 28 P ) 4R E 200 it B
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Figure 6 Positive expression of CD86 and CD206 in macrophages analyzed by flow cytometry

R®1U4EMELEH CD86 il CD206 B Hi il 4k
Table 1 Positive rates of CD86 and CD206 in macrophages
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TKEE XS 41 5.8+0.6 6.2+0.7 1.2+0.3
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I 441
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FEIRHEN(P<0.05) ;5 WEX X R4 L #5 , WEX /K
e 4] CD31 FHE R B — 1 £ (P<0.05) . 5
25 X B B, WEX X RE 2] VEGF BH R 15T
B 52784k (P>0.05) ; 5 WEX X A4 FL 4%, WEX 7K
M 2H VEGF BHPE R 11 2 (P<0.05) , WL 10,
4, PR WEX /K EBE B AT A2 3 B 1 20 U0 1 48
e YA s

ZERRAL

WEXX}HEZH WEX/KEEEAL

6d

9d

12d

15d

i
) =
, ‘
5 By, é
| X il
A [

bl p et Syl Ry & boy kiR U TEAN L DS & o0
Y1, ARG 15 d A7 E% BB B T R A s WEX O BR 2 2 UL I & 61
TRY LG, ARG 9 d n] WA HIS5 i, AJS 15 d 5% 88 4 i
TR/ T2 (6 B2 s WEX K BE R LRI AR 15 d 3
AT, A BRI . WEX: Wharton’s Jelly 745 (4 /8] 75
IO T4 AT YR ) 1 A

B7 2T 15 AN R A (] A T 2 W0

Figure 7 Wound healing in blank control, WEX

control and WEX-gel groups at different

time points
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Table 2 Quantitative analysis of colony counts on agar

plates in three groups
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WEX X é2H 3 3.63+0.317 1.49+0.16"
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Figure 9 Histopathology results of wound skin tissues
in three groups
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Table 3 Quantitative analysis of dermal thickness, number
of new hair follicles, and collagen deposition rate
of wound skin tissues in three groups

(x + s,n=3)
o RREA
il =] 3 2% .
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Table 4 Comparison of macrophage polarization and angiogenesis

related biomarkers in wound tissues of each group
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