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Table 1 Sequences of primers used for RT-PCR

Genes Forward sequences (5'— 3" Reverse sequences (5'— 3")
B-Catenin GCAGTTCGCCTTCACTATGGA ATCTTGTGGCTTGTCCTCAGAC
c-Myc AGGAACTATGACCTCGACTACG AGTAGCTCGGTCATCATCTCCAG
Cyclin A2 TCCAAGAGGACCAGGAGAATATCA TCCTCATGGTAGTCTGGTACTTCA
Cyclin D1 AACTACCTGGACCGCTTCCT CCACTTGAGCTTGTTCACCA
Cyclin E1 GTCCTGGCTGAATGTATACATGC CCCTATTTTGTTCAGACAACATGGC
B-Actin CGTGGACATCCGCAAAGAC CTGCTGTCACCTTCA CCGTTC

110 SEitFoHh

TEEAE LA b2 (v +£5) R, R
GraphpadPrism 8.0 #F 748124438, 4 1A] LR H
R, P<0.05 M EAGFITHE5.
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Fig.1 Characterization of human adipose—derived mesenchymal stem cells
(a) Morphology of cultured human adipose-derived mesenchymal stem cells (ADSCs) under a light microscope. (b) The expression of CD73, CD90,
CD34 and CD45 in cultured ADSCs was examined by flow cytometry assay. (c) ADSCs were induced to differentiate towards adipogenic and
osteogenic lineages, and stained with Oil Red O (left panel) and Alizarin Red (right panel). Images are representative results of 3 independent

experiments.



594+ EMSESEYYIEHE  Prog. Biochem. Biophys. 2021; 48 (5)

MAS R L8 . B3R EpSCs T EEE P 94.36% (F12b). i ue G (o ik /s i3 Se 41 i 25
BEEIPAR (K2a). #idmN4eM ek RERE THBA S INAbRE ST LIS R
KRG T a6 BB R M CDT1 KL, 45 CK19 (Fl1c). iXEELERULR, 75370 EpSCs
BRERLKaBEE ., KEACDTI MM S 2R, FESmEsR.

@ (©) B1 Integrin DAPI Merge

50 um

CK19 DAPI

\
(O ViR Vi

CD71

101€M3

50 fim 50 pm

a6 Integrin

Fig. 2 Characterization of human epidermal stem cells
(a) Morphology of cultured human epidermal stem cells (EpSCs) under a light microscope. (b, ¢) The expression of epidermal stem cell biomarkers
a6 integrin, CD71, Blintegrin, and CK19 in cultured EpSCs was examined by flow cytometry assay (b) and immunofluorescence staining (c),

respectively. Images are representative results of 3 independent experiments.
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Fig.3 Characterization of exosomes isolated from adipose—derived mesenchymal stem cells
(a) Electron micrograph of exosomes purified from human adipose-derived mesenchymal stem cells (ADSC-Exos). (b) The size of ADSC-Exos was

detected by Flow Nanoanalyzer. (¢) The expression of Alix, CD63 and GAPDH in cell lysate of ADSCs and ADSC-Exos was examined by Western
blot.
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Fig. 4 ADSC-Exos promote human epidermal stem cell proliferation

(a—e) Human epidermal stem cells (EpSCs) were treated with different concentrations of exosomes from adipose-derived mesenchymal stem cells

(ADSC-Exos) for 1 and 2 days (a), with 20 mg/L ADSC-Exos for different periods of time (b, c, e) or for 1 d (d), or with exosomes from fetal bovine

serum (FBS-Exos) or human serum (HS-Exos) for different periods of time (e), cell proliferation was examined by MTT assay (a, b, e), BrdU

incorporation assay (c), or immunofluorescence staining of Ki67 (d). (f) Synchronized EpSCs were treated 20 mg/L ADSC-Exos for 12 h and

examined for cell cycle distribution by flow cytometry. Data are shown as (x  s), n =5. ¥*P< 0.05, **P<0.01, compared with cells without ADSC-

Exos treatment for the same period of time; #P<0.05, ##P<0.01. CN: Cell number; PI: Propidium iodide.
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B 8] T 5 AP WA ADSC-Exos 535352 d fi1 5 d,
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s
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Fig. 5 ADSC-Exos promote EpSCs proliferation in organotypic skin

H&E staining (a) and immunohistochemical staining of proliferating cell nuclear antigen (PCNA)-, 06 integrin- and Pl integrin-expressing cells (b—

d) of human skin explants injected with 20 ug ADSC-Exos or same volume of PBS, and cultured for 2 and 5 d. Data are presented as the (x % s), n=5.

*P<0.05, **P<0.01, compared with PBS-injected skin explants.
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Fig. 6 ADSC-Exos induce human EpSCs proliferation partly through upregulating 3—catenin, c—Myc, and cyclins

expression

(a, b) Human EpSCs pretreated with control solvent, 1 pumol/L 10058-F4, or 1 umol/L XAV-939 for 30 min were stimulated with or without 20 mg/L

ADSC-Exos for 48 h (a) or 24 h (b), then examined for cell proliferation by MTT assay (a) and the expression of B-catenin, c-Myc, and cyclins by

Western blot analysis (b). (c) Expression of B-catenin, c-Myc, and cyclins at mRNA level after treatment of human EpSCs with 20 mg/L ADSC-Exos

for 0 - 18 h. Data are shown as (; + 5), n=5.*%P<0.05, **P<0.01, compared with cells treated with solvent control; #P<0.05, compared with cells

treated with ADSC-Exos alone.

3 i3t i

A5 &M, N ADSC-Exos fefE i /4405 57
(1) N EpSCs Fll iz JIRZH 2 b i EpSCs B9, Jf48n T
ADSC-Exos 5 73 H 3 £ I 4 B-catenin, c-Myc Fll
cyclins Z iR e EpSCs 3478 .

J9HRE N ADSC-Exos % A EpSCs B4 [ 521,
TATINAREWFH b 73 . 1538 T ADSCs, M

ADSCs }5 5% & 43 T ADSC-Exos. i i W15
O RN N s i - 2 A 12 N T DO
ADSCs #1758 (Bl 1);5 X473 E5 i ADSC-Exos A
A R bR o3k = i T e (&
3), JEEg RS ORI —E " Y AR
YU | B3R EpSCs, JFE A . &
MipR& sy FFRA AT E (K2). @il MTTE K
M, 5~40 mg/L ADSC-Exos AE ¥ Ji 40 i 14 Hb 3] 34



-598- EMUFESEYYIEHRE  Prog. Biochem. Biophys. 2021; 48 (5)
EpSCs 3458 (&l 4a) . 4l i 5028 ¢ 6 S50 B 7 WV 7 47 11 3% 1 8o Fh A EpSCs (35 5T (UK &

ADSC-Exos #b P ) EpSCs Ki67+40 il B W3, 56
IE T ADSC-Exos % EpSCs (e MG s/ . Fefl] %
I ADSC-Exos HE I [A] 4 #8i ¥4 Hb {2 #F BrdU £ A
EpSCs (&l 4c). BrdU J&— i fifq Ji w5 i 42 7 2540
Y, FEAHRE I S WIKis A BB A L DNA .
BrdU # ANt — 241k T ADSC-Exos X} EpSCs
WarE AR EVE R . kAT & B8 ADSC-Exos BESE NS
I EpSCs &t ([&14f), X5 BrdU 4B A SLn 4
—%. Cyclin A2, DI FIE11E G1/S B4 b & 4%
FEAEH ™, JA1A&B, ADSC-Exos gl [
cyclin A2, D1 A1 E1 f£ EpSCs i %3k, 18/ G1 ]
EpSCs ¥ H . X464 48R, ADSC-Exosifiid Ik
cyclin A2, D1 M E1 )33k, dEmife st Gl/S Wi
e, fEdFEpSCsHiFH. BRATHFARSIMEFR N EpSCs
SHAL, ADSC-Exos i fE i 2 38 iR 485 55 19 A
JRZH 2136 fe FLE 2 PCNA . a6 A RIS R
PEPE 4 At o ke A R e B2 J2 IR (E]5). PCNA &
DNA & BUTT 75 1 — AR AL 1, AE 4t i 5 30 1
Gl/SHATHR . X g Jam 51537 £F ADSC-Exos REfiE
HE N H R 22 EpSCs 1451 . SCHik 4 i ADSC-Exos
REAE HE J ki CV g 1, FRATTHE DN A ] BB 434
A IR P R B A L B S B

SCHR AR IE Wit/B-catenin {55 518 B 7E B2 ik EpSCs
g R EmEEAERH 72, c-Myc J& B-catenin [1) T
Weorr 2, 25 KK EpSCs HiFH . c-Myc £
2 i A 3 P BERE 9 cyclin A2, D1 FIEL B3k,
N figid i 5 DNA & il 46 mi45 6 L FH DNA K
il L 4R T O B 1 BT T 5 e DNA B i) . FRATTiY
SLIGLE LR, B-catenin f1 i 57 AT c-Myc #5714
A 3 43 BH B ADSC-Exos 75 3 ) EpSCs 3 58 (€]

6a), H B-catenin #5722 Z M T ADSC-Exos X

B-catenin, c-Myc #l cyclinEl, A2, D11 i,
c-Myc 315 2 M H] T ADSC-Exos 15 S0 c-Myc
MicyclinEl, A2, DI EJH (El6b). XeLzb i
7~ ADSC-Exos #5431 13 B-catenin/c-Myc/cyclins &
AR EpSCs HAFH . SMIMA S A ZFasy, i
). 8. DNA., mRNA. microRNA %%, HHj
i AN A ADSC-Exos H1HIFLE 705 [ 2 EpSCs 4 5H .
FEATE LX) ADSC-Exos #17 T RNAJREEM 7, 1E
i — 25 B 5% microRNA X} EpSCs 4 58 1Y 52 M J
B .

Y F EpSCs 78 [z kA5 11 A A 7 ol JE 224
H, eSS R RIFSE ¥ EpSCs B

B SRR E R A 1 R T LA
Y7 e 30 T RN P R PR A0 11 Aol PR itz ) 12
IEAh, EpSCs nl LA Ay Fl -4 it FH il 45 41 21 T2
Feltk. WoTRml, RSN T R RR R &, £
T AU T Ak Y AR BRI A 2 AR
REA TR E . RS B T A RE AL
ADSCs 55 T M g i 40 20 b 43 85 3K 15 I,
ADSC-Exos A 14 244 1 EpSCs ) F-Be, A
T EpSCs MYFERIIFFT . LLRAE B2 A3 LG 7 LA 4]
ZUT AL Rkl o5 v ISR

Zi L ik, AR5 & M ADSC-Exos fig fie if
EpSCs #4751, 575 T ADSC-Exos HY1F 58433 it
B-catenin/c-Myc/cyclins {5 Sl A, ARSI 1
EpSCs#4L TR T .

[1]  Blanpain C, Fuchs E. Epidermal homeostasis: a balancing act of
stem cells in the skin. Nat Rev Mol Cell Biol, 2009, 10(3): 207-217

[2]  Dekoninck S, Blanpain C. Stem cell dynamics, migration and
plasticity during wound healing. Nat Cell Biol,2019,21(1): 18-24

[3] Ojeh N, Pastar I, Tomic-Canic M, et al. Stem cells in skin
regeneration, wound healing, and their clinical applications. Int J
Mol Sci,2015,16(10):25476-25501

[4]  Bhardwaj N, Chouhan D, Mandal B B. Tissue engineered skin and
wound healing: current strategies and future directions. Curr
Pharm Des, 2017,23(24): 3455-3482

[5]  Nourian D A, Mirahmadi B F, Chehelgerdi M, ez al. Skin tissue
engineering: wound healing based on stem-cell-based therapeutic
strategies. Stem Cell Res Ther, 2019,10(1):111

[6] LiJ, Zhen G, Tsai S Y, et al. Epidermal stem cells in orthopaedic
regenerative medicine. IntJ Mol Sci, 2013, 14(6): 11626-11642

[71  Jackson C J, Tenseth K A, Utheim T P. Cultured epidermal stem
cellsinregenerative medicine. Stem Cell Res Ther, 2017, 8(1): 155

[8]  GuoR, ChaiL, Chen L, et al. Stromal cell-derived factor 1 (SDF-
1) accelerated skin wound healing by promoting the migration and
proliferation of epidermal stem cells. /n Vitro Cell Dev Biol Anim,
2015,51(6): 578-585

9] Argentati C, Morena F, Bazzucchi M, et al. Adipose stem cell
translational applications: from bench-to-bedside. Int J Mol Sci,
2018,19(11):3475

[10] SalgadoAJ,ReisRL,SousaNJ, etal. Adipose tissue derived stem
cells secretome: soluble factors and their roles in regenerative
medicine. Curr Stem Cell Res Ther, 2010,5(2): 103-110

[11] Kapur S K, Katz A J. Review of the adipose derived stem cell
secretome. Biochimie, 2013, 95(12):2222-2228

[12] Hu L, Wang J, Zhou X, et al. Exosomes derived from human
adipose mensenchymal stem cells accelerates cutaneous wound

healing via optimizing the characteristics of fibroblasts. Sci Rep,



X&F, & ARBREFERTHAMEIMLEFET _EEp-catenin,

2021; 48 (5

c~MycFNZAfE B HA & B Rz (Rt = X T4 MigE

+599-

[13]

[14]

[15]

[16]

[17]

[18]

[19]

2016,6:32993

Kang T, Jones T M, Naddell C, et al. Adipose-derived stem cells
induce angiogenesis via microvesicle transport of mirna-31. Stem
Cells Transl Med, 2016, 5(4): 440-450

Ferreira AF, Cunha P S, Carregal V M, et al. Extracellular vesicles
from adipose-derived mesenchymal stem/stromal cells accelerate
migration and activate Akt pathway in human keratinocytes and
fibroblasts independently of mir-205 activity. Stem Cells Int,
2017,2017:9841035

Wan D, Fu Y, Le Y, et al. Luteolin-7-glucoside promotes human
epidermal stem cell proliferation by upregulating f -catenin, c-
Myec, and cyclin expression. Stem Cells Int, 2019,2019: 1575480
Liew L J, Ong H T, Dilley R J. Isolation and culture of adipose-
derived stromal cells from subcutaneous fat. Methods Mol. Biol,
2017,1627:193-203

Watt F M, Collins C A. Role of beta-catenin in epidermal stem cell
expansion, lineage selection, and cancer. Cold Spring Harb Symp
Quant Biol, 2008,73:503-512

Zanet J, Pibre S, Jacquet C, et al. Endogenous Myc controls
mammalian  epidermal  cell  size,  hyperproliferation,
endoreplication and stem cell amplification. J Cell Sci, 2005,

118(Pt8):1693-1704
Santamaria D, Ortega S. Cyclins and CDKS in development and

[20]

[21]

[22]

[23]

[24]

[25]

[26]

cancer: lessons from genetically modified mice. Front Biosci,
2006,11:1164-1188

Jia L, Zhou J, Peng S, et al. Effects of Wnt3a on proliferation and
differentiation of human epidermal stem cells. Biochem Biophys
Res Commun, 2008, 368(3): 483-488

He T C, Sparks A B, Rago C, et al. Identification of c-MYC as a
target of the APC pathway. Science, 1998,281(5382): 1509-1512
Shi Y, Shu B, Yang R, ef al. Wnt and Notch signaling pathway
involved in wound healing by targeting c-Myc and Hesl
separately. Stem Cell Res Ther, 2015, 6(1): 120

Bretones G, Delgado M D, Ledn J. Myc and cell cycle control.
Biochim Biophys Acta, 2015, 1849(5): 506-516

Yang R, Liu F, Wang J, et al. Epidermal stem cells in wound
healing and their clinical applications. Stem Cell Res Ther, 2019,
10(1):229

Pellegrini G, Ranno R, Stracuzzi G, et al. The control of epidermal
stem cells (holoclones) in the treatment of massive full-thickness
burns with autologous cultured on fibrin.
Transplantation, 1999, 68(6): 868-879

Dunnwald M, Tomanek-Chalkley A, Alexandrunas D, et al.

keratinocytes

Isolating a pure population of epidermal stem cells for use in tissue

engineering. Exp Dermatol, 2001, 10(1): 45-54



600+ EVUESEYYIEHRE  Prog. Biochem. Biophys. 2021; 48 (5)

Exosomes From Human Adipose—derived Mesenchymal Stem Cells Promote
Epidermal Stem Cell Proliferation Through Upregulating —Catenin, c—Myc
and Cyclins Expression”

LIU Jin-Wei"”, CAO Gao-Biao"", CHENG He-Yun”, DU Wei-Wei”, ZHANG Guang-Liang?,
JIN Guang-Zhe”, ZHANG Ping”, WANG Zhao-Dong?”, LIU Zhe”, JU Ji-Hui”, LE Ying-Ying”,
FU Yi""", HOU Rui-Xing"*V"™"

(YDepartment of Hand Surgery, Suzhou Ruihua Orthopedics Hospital, Suzhou 215104, China;

DDepartment of Hand Surgery, Ruihua Affiliated Hospital of Soochow University, Suzhou 215104, China;

Mnstitute of Hand Surgery, Ruihua Affiliated Hospital of Soochow University, Suzhou 215104, China;

YDepartment of Human Anatomy, Histology and Embryology, School of Biology and Basic Medical Sciences, Soochow University, Suzhou 215104, China;
SShanghai Institute of Nutrition and Health, Chinese Academy of Sciences, Shanghai 200031, China)

Abstract This study aimed to investigate the effect of exosomes from adipose-derived mesenchymal stem cells
(ADSC-Exos) on the proliferation of human epidermal stem cells (EpSCs) and explore the underlying
mechanisms. ADSCs were isolated from human adipose tissue by type I collagenase digestion. EpSCs were
isolated from human skin tissue by dispase II and trypsin digestion. The exosomes were isolated from the
supernatant of ADSCs using the ExoQuick-TC reagent. EpSCs proliferation was examined by MTT assay,
immunofluorescence staining of Ki67 and BrdU incorporation assay. Cell cycle phase distribution was analyzed
by flow cytometry. Cultured human skin tissues were examined for the structure and expression of the markers of
cell proliferation and epidermal stem cells by H&E staining and immunohistochemistry, respectively. The results
showed that ADSC-Exos promoted EpSCs proliferation in concentration- and time-dependent manners. ADSC-
Exos increased the number of cells in S phase, and decreased the number of cells in G1 phase. ADSC-Exos also
significantly promoted the proliferation of EpSCs in cultured skin tissue. Mechanistic study showed that the
proliferative activity of ADSC-Exos was partially inhibited by B-catenin inhibitor XAV-939 or c-Myc inhibitor
10058-F4. ADSC-Exos upregulated the expressions of P -catenin, c-Myc, cyclins E1, A2 and D1. XAV-939
suppressed ADSC-Exos-induced expressions of B-catenin, c-Myc, cyclins E1, A2 and D1. 10058-F4 inhibited the
upregulation of c-Myc and cyclins E1, A2 and D1 by ADSC-Exos. Collectively, these results indicate that ADSC-
Exos promote EpSCs proliferation partly through upregulating the expression of B-catenin, c-Myc and cyclins.
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