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Highlights:

(1) It was demonstrated that extracellular vesicles from dermal papilla cells (DPC-EVs) of mice

could regulate the proliferation, migration, and expressions of fibrosis markers of human
hypertrophic scar fibroblasts (HSFs).

(2) It was demonstrated that the DPC-EVs of mice could inhibit the expression of human HSFs
fibrosis markers by activating Kriippel-like factor 4, which provided a new idea for clarifying the

mechanism of DPC-EVs in the treatment of hypertrophic scars.
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[ Abstract ] Objective To investigate the influences and mechanism of extracellular
vesicles from dermal papilla cells (DPC-EVs) of mice on human hypertrophic scar fibroblasts
(HSFs). Methods The study was an experimental research. The primary dermal papilla cells
(DPCs) of whiskers were extracted from 10 6-week-old male C57BL/6] mice and identified
successfully. The DPC-EVs were extracted from the 3™ to 5" passage DPCs by ultracentrifugation, and
the morphology was observed through transmission electron microscope and the particle diameter
was detected by nanoparticle tracking analyzer (n=3) at 24 h after culture. The 3™ passage of HSFs
were divided into DPC-EV group and phosphate buffer solution (PBS) group, which were cultured
with DPC-EVs and PBS, respectively. The cell scratch test was performed and cell migration rate at
24 h after scratching was calculated (n=5). The cell proliferation levels at 0 (after 12 h of starvation
treatment and before adding DPC-EVs or PBS), 24, 48, 72, and 96 h after culture were detected by
using cell counting kit 8 (n=4). The protein expressions of a-smooth muscle actin («-SMA) and
collagen type I (Col I ) in cells at 24 h after culture were detected by immunofluorescence method
and Western blotting, and the protein expression of Kriippel-like factor 4 (KLF4) in cells at 24 h after
culture was detected by Western blotting. After the 3™ passage of HSFs were cultured with DPC-EVs
for 24 h, the cells were divided into blank control group, KLF4 knockdown group, and KLF4
overexpression group according to the random number table. The cells in blank control group were
only routinely cultured for 48 h. The cells in KLF4 knockdown group and KLF4 overexpression group
were incubated with KLF4 knockdown virus for 24 h, then the cells in KLF4 knockdown group were
routinely cultured for 24 h while the cells in KLF4 overexpression group were incubated with KLF4
overexpression virus for 24 h. The protein expressions of KLF4, a-SMA, and Col | in cells were
detected by Western blotting at 48 h after culture. Results At 24 h after culture, the extracted
DPC-EVs showed vesicular structure with an average particle diameter of 108.8 nm. At 24 h after
scratching, the migration rate of HSFs in PBS group was (54£10)%, which was significantly higher
than (29+8)% in DPC-EV group (t=4.37, P<0.05). At 48, 72, and 96 h after culture, the proliferation
levels of HSFs in DPC-EV group were significantly lower than those in PBS group (with t values of
4.06, 5.76, and 6.41, respectively, P<0.05). At 24 h after culture, the protein expressions of a-SMA
and Col I of HSFs in DPC-EV group were significantly lower than those in PBS group, while the
protein expression of KLF4 was significantly higher than that in PBS group. At 48 h after culture,
compared with those in blank control group, the protein expression of KLF4 of HSFs in KLF4
knockdown group was down-regulated, while the protein expressions of a-SMA and Col [ were both
up-regulated; compared with those in KLF4 knockdown group, the protein expression of KLF4 of
HSFs in KLF4 overexpression group was up-regulated, while the protein expressions of Col I and
a-SMA were down-regulated. Conclusions The DPC-EVs of mice can inhibit the proliferation and
migration of human HSFs and significantly inhibit the expressions of fibrosis markers a-SMA and Col
I in human HSFs by activating KLF4.
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Figure 1 Identification of extracellular vesicles from dermal

papilla cells (DPC-EVs) of mice
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Figure 2 Migration of human hypertrophic scar fibroblasts at 24 h after scratching in the two groups
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Table 1 Comparison of cell proliferation levels of human hypertrophic scar fibroblasts at different time points of cell culture

between the two groups

4151 FEARL Oh 24 h 48 h 72h 96 h
PBS 41 4 0.213£0.012 0.607+0.100 0.907+0.088 1.287+0.065 1.504+0.064
DPC-EV 4] 4 0.216+0.018 0.444+0.051 0.672+0.075 1.033+0.059 1.195+0.073
2 0.26 2.89 4.06 5.76 6.41
PIH 0.999 0.181 0.035 0.006 0.004

0 h MATYURALFE 12 h )5 Y Bk 4RI A3 (DPC-EV) 4L il A DPC-EV sl Wiz £5 2% vh i (PBS) 4L A PBS Bij 5 b BRI £ F2 5400,

F=80.93,P<0.001 ; I} [i1] X & F4400 , F=391.40, P<0.001 ; B4 22 HAEH , F=6.73, P<0.001
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Figure 3 The protein expressions of a-SMA and Col I in human

hypertrophic scar fibroblasts of two groups at 24 h after culture

detected by immunofluorescence method

PLSZIa BT 2 0 A B B 7 . EV B2
B E B P, G nT 2 R e TGS S el
UCHI PR 3 AN RSONL /NG fili A 25 W v 4
ORTENT S JTARR (B FE T A ORI EV B
WEUESETE A 2T A A 4 2F 8 o ke T AR
LEA A S4 24 F 1 P 0 v A3 19 B B ) R R T
DL A B B, AT B0 2 , B 4 JA Bl Y B JTRAMLF
FIEH NIRRT — 250, 5 A SR HS
WFFE R, B ] 1 55 0 30 D 1K B 52 AL IR

HEXF 537 o

a-SMA 42X10°

Col I 139X 10°

GAPDH 36X10°

o o-SMA N o LB 1, Col T 20 T B R 1,
GAPDH Jy 3- 4 B2 H ol /9% I8 %0 , PBS O #f IR h 2% vh iR
DPC-EV by Bz B 7L M A8 300 5 25 107 1.2 23 BldR s
A PBS [ PBS L il i A DPC-EV f) DPC-EV £

B4 A R BN R A 2 2H A8 A R R BT A 4T i 3% 57
24 h J5 a-SMA il Col | (7R 4334

Figure 4 The protein expressions of a-SMA and Col | in human

hypertrophic scar fibroblasts of two groups at 24 h after culture

detected by Western blotting
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Figure 5 The protein expression of KLF4 in human hypertrophic

1 2

scar fibroblasts of two groups at 24 h after culture detected by

Western blotting
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Figure 6 The protein expressions of KLF4, Col I , and a-SMA
in human hypertrophic scar fibroblasts of three groups at 48 h after

culture detected by Western blotting
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