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[ Abstract | Objective To explore the effect and mechanism of human umbilical cord mesenchymal stem cell
(hucMSC)-derived exosome (hucMSC-Exo) on wound healing of stage 4 pressure ulcers in mice. Methods hucMSCs were
isolated and cultured in primary culture. hueMSC-Exos were extracted from the supernatant of hucMSCs at passage 5 (P5)
through differential centrifugation. Twenty-seven BALB/c mice with stage 4 pressure ulcers were randomly divided into
hucMSC-Exo group (injected subcutaneously with 100 pg hueMSC-Exo dissolved in 100 pL phosphate-buffered saline [PBS]),
PBS group (injected subcutaneously with 100 uL. PBS), and model group (without injection of hucMSC-Exo or PBS). The
wound healing of pressure ulcers was assessed after treatment, and the wound healing rate was estimated on day 0, 3, 7, 10,
and 14. Hematoxylin-eosin (H-E) staining and Masson staining were used to observe the pathological changes of the wound
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on day 7 and 14 after treatment. The expression of a-smooth muscle actin (a-SMA) protein related to scar formation was
detected by immunohistochemical staining with skin samples on day 7 after treatment. Serum samples were obtained on day
7 and 14 after treatment to detect the dynamic changes of superoxide dismutase (SOD) activity and malondialdehyde (MDA)
content. Results Compared with the PBS and model groups, the hueMSC-Exo group had much shorter wound healing time,
less scar formation, and higher wound healing rate. Histopathology examination showed that, compared with the PBS and
model groups, the wound injury and inflammatory infiltration in the hucMSC-Exo group were significantly decreased, collagen
deposition was greatly boosted, and collagen fibers were orderly arranged and distributed. Immunohistochemical staining
showed that the expression of a-SMA protein in the hucMSC-Exo group was lower than those in the PBS and model groups.
The results of serum biochemical test showed that SOD activity in the hucMSC-Exo group was higher than those in the
PBS and model groups (both P<<0.05) on day 7 after treatment, approaching the normal level on day 14; MDA content was
lower in the hueMSC-Exo group than the PBS and model groups on day 7 and 14 (all <<0.05). Conclusion Subcutaneous
injection of hucMSC-Exo can promote wound healing and minimize scar formation in mice with stage 4 pressure ulcers. The
mechanism may be related to the improvement of in vivo oxidative stress levels by hucMSC-Exo.
[ Key words | umbilical cord mesenchymal stem cells; exosome; pressure ulcer; wound healing; oxidative stress
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1 hucMSC #EF#REFLER
Fig1 Culture and identification of hucMSCs
A: Morphological observation of passage 0 hucMSCs (100 X); B: Morphological observation of passage 5 hucMSCs (100 X);
C: Alizarin red staining after osteogenic induction for 10 d (200 X); D: Oil red O staining after adipogenic induction for 14 d
(200 X); E: Alcian blue staining after chondrogenic induction for 21 d (200 X); F: Expression of extracted CD44", CD105%, CDY0 ™,
CD73", HLA-DR, CD34~, CD19~, CD11b~ and CD45~ of hucMSCs identified by flow cytometry. hucMSC: Human umbilical
cord mesenchymal stem cell; FITC: Fluorescein isothiocyanate; PE: Phycoerythrin; HLA-DR: Human leukocyte antigen DR.
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Fig 2 Identification of hucMSC-Exo
A: Morphology of hucMSC-Exo observed by transmission electron microscopy; B: Particle size and diameter distribution of hucMSC-
Exo measured by qNano analysis; C: Western blotting showed the presence of exosomal markers CD63 and TSG101, but exosomes

were negative for calnexin. hueMSC-Exo: Human umbilical cord mesenchymal stem cell-derived exosome; TSG101: Tumor

suppressor gene 101.
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Gross view

1 d after modeling

7 d after modeling
(before debridement)

7 d after modeling
(after debridement)

H-E staining

H-E staining

e kg
’?Jﬁ:.&m’a

E 3 BALB/c /MR 4 BAEREEFHI&F

Fig3 Preparation of BALB/c mouse model with stage 4 pressure ulcers

Gross view (scale: 1 mm per grid) and H-E staining were used to observe the skin damage 1 and 7 d after modeling. The mouse model

with stage 4 pressure ulcers was successfully established 7 d after modeling. H-E: Hematoxylin-eosin.
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B4 BTRSFANREUESEXENREEREREIN

Fig4 Gross view of wound healing and wound healing rate of mice after treatment in each group

A: Gross view (scale: 1 mm per grid); B: The wound healing rate. "P<<0.05 vs PBS and model groups at the same time point. =6,

x=£s. hueMSC-Exo: Human umbilical cord mesenchymal stem cell-derived exosome; PBS: Phosphate-buffered saline.

242 hucMSC-Exo % J& /& 1] T & fik /7 2 48 15 &
RAE 48 032 0 H-E 25 R BN, /97 7d,
hucMSC-Exo Y7 2H /)N B HE AL 38 Jz 52 3%, /INE
RPN, LR )R B MR RIS, R WA
B 5R s PBS X IR 2 5 A5 R0 ) HE 4 /0N B s Ak Rz
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Time afer treatment/d

hucMSC-Exo

Model

5 RITESENREIEALR H-E RXBER
Fig5 H-E staining of wound tissues of mice after treatment in each group

H-E: Hematoxylin-eosin; huceMSC-Exo: Human umbilical cord mesenchymal stem cell-derived exosome; PBS: Phosphate-buffered saline.

hucMSC-Exo PBS Model

e ————

7 d after treatment =

14 d after treatment

6 AITREHE/NMREIEALR Masson FELER
Fig 6 Masson staining of wound tissues of mice after treatment in each group

hucMSC-Exo: Human umbilical cord mesenchymal stem cell-derived exosome; PBS: Phosphate-buffered saline.

2.5 hucMSC-Exo & 77 JEH4) & A A4 ALk AR ARSI ARG, 5 PBS X HRZ S A
2.5.1 hucMSC-Exo 7 [# 1K JE /& £ T a-SMA % & TN EAH HE S, hueMSC-Exo 16974 a-SMA & 1%
Fik ISR AL R BN, 1RIT)E 7 d, Rk, PHEREH R, W 7,

24108 B 1T ZH 240 i 5 34 AT D o-SMA 38,

hucMSC-Exo

7 RTETdEEANREEAR o-SMA EARIL
Fig7 Expression of a-SMA protein in wound tissues of mice on day 7 after treatment in each group
Immunohistochemistry staining. SMA: a-smooth muscle actin; hueMSC-Exo: Human umbilical cord mesenchymal stem cell-derived

exosome; PBS: Phosphate-buffered saline.
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