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AT IR FE W HaCaT AAEAYS hADSC 55552 LA 10% /K571 HaCaT 4iffd EGFR/ERK {5 5 ik 2
BTGB X (P>0.05) , mfz} 137K ] AT EGFR/ERK {5 5 B AH0E . M| HaCaT 4HARAYIETH 515
hADSC AJ{£ i EGFR/ERK {5538 B A0S , 421 /KX HaCaT A MIHE5E 5 A 6E 1 34

[REEIR] WKk R, ABED T4IM; JUMS5E; 40M0TF

[FRES>ZES] Ro641 [EAFRERD] A [XEHS] 0258-879X(2019)10-1062-07

Adipose-derived stem cells alleviate the inhibition effect of seawater against epidermal cell proliferation and
migration through EGFR/ERK pathway
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[Abstract] Objective To explore the possible mechanism of human adipose-derived stem cells (hADSCs) promoting
seawater immersion wound healing in vitro. Methods Human epidermal cell line HaCaT cells and artificially simulated
seawater were used to establish an in vitro model of cell damage induced by seawater immersion. hADSCs were isolated from
human adipose tissues, and a co-culture system of HaCaT cells and hADSCs was established. The proliferation and migration
abilities of HaCaT cells were detected by cell counting kit-8 (CCK-8), 5-ethynyl-2’-deoxyuridine (EdU) cell proliferation
detection kit and cell scratch test. The activation levels of epidermal growth factor receptor (EGFR)/extracellular-regulated
protein kinase (ERK) signaling pathway were detected by Western blotting and real-time quantitative PCR. Results The
proliferation of HaCaT cells cultured with the medium containing 10% artificial seawater was significantly inhibited compared

with the cells cultured without artificial seawater (£<<0.05). The proliferation and migration abilities of seawater-cultured
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HaCaT cells were significantly lower than those cultured without seawater and those with hADSCs and seawater (all P<<0.05),

but there were no significant differences in cell proliferation or migration abilities between the HaCaT cells cultured without

seawater and those co-cultured with hADSCs and seawater (P>>0.05). The expression of EGFR/ERK signaling pathway in

seawater-cultured HaCaT cells was significantly inhibited compared with the cells cultured without seawater and those co-
cultured with hADSCs and seawater (P<<0.05), while the expression of EGFR/ERK signaling pathway was not significantly
different between the HaCaT cells cultured without seawater and those co-cultured with hADSCs and seawater (P>0.05).
Conclusion Seawater can block the activation of EGFR/ERK signaling pathway and inhibit the proliferation and migration
of HaCaT cells. hADSCs can promote the activation of EGFR/ERK signaling pathway and reduce the inhibition effect of

seawater against proliferation and migration of HaCaT cells.

[Key words] seawater; epidermal cells; human adipose-derived stem cells; cell proliferation; cell migration
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F:MH hADSC (1X10°/4L ) #7131 Transwell
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1.0

Normalized frequency

0.0,

1070 10°
Intensity MC_FITC (CD29)

= =
S N
T d

o
o

Normalized frequency
o o
= o

&
S}

10*

0.0
10 °10 110 °010°* 10* 10° 10° 107
Intensity MC_FITC (CD45)

2 # R

2.1 hADSC #H%2 HEiE5H hADSC i
T S A BB IR A5 5% 4 R, P4 S e
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Fig1 Characterization of hADSCs

A: Alizarin red S staining; B: Oil red O staining; C: hADSC surface marker detected by flow cytometry. hADSC: Human adipose-

derived stem cell; HLA-DR: Human leukocyte antigen DR. Original magnification: X200 (A, B)
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0.0
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2 g7kt HaCaT ZHREIE5E A 2200
Fig2 Effect of seawater on proliferation of HaCaT cells
"P<<0.05, "P<<0.01 vs control group. n=3,x*ts
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2.3 hADSC b3 7k st RiZ 69 HaCaT 40 ie3g
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BEFR XTI AR A MG A s, 55 (1&13) W
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YA AL B T ) 5 ARSI K X BRA e 2 A
GiitEm X[ (26.0+10.9) % vs (37.4+1.3) %,
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TG 1 9% A Z B B WA, A0 Y 3B TS T
MpKHHZRASIT¥HE X[ (36.3+2.3) % vs
(26.0+0.9) %, P<0.01].

2.4 hADSC 3 7c i Kiz 06 HaCaT wmheit
HuyHen  MIERPREE R SR, SAERINE
AKX BRI L, 10% /K 4] HaCaT 4TS
AEI7E 12 h BDoR IR RR A G852, Jfdrs 2
36 h, BRE MBS RAM L 2E TG 58 >

(P<<0.01) ; MMifERl—XLMES ]S, hADSC ks
7 20 240 0 (%) S 78 B8 AR T K A s A 1Y
WARCR, BREERSEKAME2ZERE ST

Treatment time

B Y (P<0.01) . 7F 36 h WAt E] A, SRS
hADSC HE:FEA MR L2 2mE, MK
HANBAEBKRRYEXEL (K 4)

Apollo Hoechst Merged

B 3 hADSC $H£3557Ex4EKiZE HaCaT

A REIETE A 500
Fig 3 Effect of co-culture with hADSCs on proliferation

Seawater Control

hADSC+
seawater

of HaCaT cells cultured with seawater
hADSC: Human adipose-derived stem cell; EQU: 5-ethynyl-2’-
deoxyuridine. Original magnification: X 100

Control

Seawater

seawater

hADSC+

[ Control
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S 04r
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0.0 - .
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El 4 hADSC $iEFRX1i8/KiRE HaCaT HAE RS BE S B2 00
Fig 4 Effect of co-culture with hADSCs on migration of HaCaT cells cultured with seawater

A: Three sets of scratch repairs at different time points; B: Migration area analysis results. hADSC: Human adipose-derived stem cell.

Original magnification: X 50 (A). “"P<C0.01 vs control group; ““P<C0.01 vs seawater group. n=3, X s

2.5 hADSC #3244 idid EGFR/ERK @ % F
TR KZ# HaCaT @mie 3L 24 HH
FREN A Hr 45 /R, 10% /K4l HaCaT
1M EGFR & H £k &K T X A Kk
hADSC 3 57H, ERAGIP¥EX (P<
0.01) ; X FEZH5 hADSC #4554 EGFR HEH

FikmERTGEI#E L (P>0.05, B 5A) . 5
i & PCR S5 BR, 10% /K41 HaCaT i
ERK mRNA FikiE (KT X B4 & hADSC R
M, ZRAGIFFEL (P<0.01) ; MRS
hADSC 355520 ERK mRNA ik 2% R I04 1%
B (P>0.05, F5B) .
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Bl5 hADSC #1513 EGFR/ERK & 8T G Kigi
HaCaT #HARH)IGTHE 51T %
Fig5 Co-culture with hADSCs interfering proliferation

and migration of HaCaT cells cultured with seawater
via EGFR/ERK pathway
A: EGFR protein expression detected by Western blotting;
B: ERK mRNA expression detected by real-time quantitative
PCR. hADSC: Human adipose-derived stem cell; EGFR:
Epidermal growth factor receptor; ERK: Extracellular-regulated
protein kinase. “P<C0.01 vs control group; ““P<<0.01 vs

seawater group. n=3, xts
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FHAG EGFR/ERK AT, #0f 5 K 4 B A 3
i 51T 681, T hADSC T 0% EGFR/ERK i
P&, BRI KOG 3R B AR A A0 RN o AR R 4
A B F it — 2 R R KR A 1T ™ A 1 S AE AL
il A R KR R R B T A P A SR TR IR YT
Jrsy 8



1068

B TREBE SRR 20194E 10 A, 5540 %

[Z % X #f]

(1]

(2]

(3]

(7]

(1]

MA J, WANG Y, WU Q, CHEN X, WANG J, YANG
L. Seawater immersion aggravates burn-associated
lung injury and inflammatory and oxidative-stress
responses[J]. Burns, 2017, 43: 1011-1020.

WREE, T DG, i A 5 e AR R () D Boeb Rtk
RIS RA L@ S I )]. hEtEE S
e UE BE A 2%,2002,9:147-151.

TR, TR, RS, AR RS B B
TR/KR G B A o B i B2 AR (D). T L g e 2
%43,2009,19:32-35.

B/ N SR SCHE JAIA - A T BRSO 55 D )
7P AT X KR S R AR T i B4 T TR ).
FPRCZE R 2722 7k,2013,25:35-38.

T, T E RS X AR, W SR A KR
WX 1 I ) 520 10 Sl 29 SR (D). Th A A v
PR 5 UK RS 24E,2008,15:84-86.

EKE G, MANGIR N, HASIRCI N, MACNEIL S,
HASIRCI V. Development of a UV crosslinked
biodegradable hydrogel containing adipose derived stem
cells to promote vascularization for skin wounds and
tissue engineering[J]. Biomaterials, 2017, 129: 188-198.
BERTOZZI N, SIMONACCI F, GRIECO M P,
GRIGNAFFINI E, RAPOSIO E. The biological and
clinical basis for the use of adipose-derived stem cells
in the field of wound healing[J]. Ann Med Surg (Lond),
2017, 20: 41-48.

HASSAN W U, GREISER U, WANG W. Role of
adipose-derived stem cells in wound healing[J]. Wound
Repair Regen, 2014, 22: 313-325.

TARTARINI D, MELE E. Adult stem cell therapies for
wound healing: biomaterials and computational models
[J/OL]. Front Bioeng Biotechnol, 2015, 3: 206. doi:
10.3389/fbioe.2015.00206.

KIM W S, HAN J, HWANG S J, SUNG J H. An update
on niche composition, signaling and functional regulation
of the adipose-derived stem cells[J]. Expert Opin Biol
Ther, 2014, 14: 1091-1102.

MORINO-KOGA S, UCHI H, MITOMA C,
WU Z, KIYOMATSU M, FUYUNO Y, et al.
6-Formylindolo[3,2-b]carbazole accelerates skin wound
healing via activation of ERK, but not Aryl hydrocarbon
receptor[J]. J Invest Dermatol, 2017, 137: 2217-2226.
LIN'Y C, GRAHOVAC T, OH S J, IERACI M, RUBIN
J P, MARRA K G. Evaluation of a multi-layer adipose-
derived stem cell sheet in a full-thickness wound healing
model[J]. Acta Biomater, 2013, 9: 5243-5250.

ZHANG W, BAI X, ZHAO B, L1 Y, ZHANG Y, LI Z, et al.
Cell-free therapy based on adipose tissue stem cell-derived
exosomes promotes wound healing via the PI3K/Akt
signaling pathway[J]. Exp Cell Res, 2018, 370: 333-342.

[14]

[16]

[18]

[19]

(21]

[22]

(23]

(23]

KIM W S, PARK B S, SUNG J H, YANG J M, PARK S B,
KWAK S J, et al. Wound healing effect of adipose-derived
stem cells: a critical role of secretory factors on human
dermal fibroblasts[J]. J] Dermatol Sci, 2007, 48: 15-24.
MA AY, XIE S W, ZHOU J Y, ZHU Y. Nomegestrol
acetate suppresses human endometrial cancer RL95-
2 cells proliferation in vitro and in vivo possibly
related to upregulating expression of SUFU and Wnt7a
[J/OL]. Int J Mol Sci, 2017, 18. pii: E1337. doi: 10.3390/
ijms18071337.
ZHANG L, XU P, WANG X, ZHANG M, YAN Y,
CHEN Y, et al. Activin B regulates adipose-derived
mesenchymal stem cells to promote skin wound healing
via activation of the MAPK signaling pathway[J]. Int J
Biochem Cell Biol, 2017, 87: 69-76.
L F PP AR, W, R0 & T KR
U0 0 T B A O R L] T BE R R AR AR,
2009,29:1297-1299.
X I, A i AR R, XUZT, 1 2 5 I 42, 7K
XA FUAE DI B JPRAZE 00 B E PHL 7 OS2I ). e PR 42
P2 2%,2013,41:219-221.
EIEE SRS Z W E. G-CSF X RREL &
FEHF AR L5 PN AL AR LAY 520 [T]. 2R e By 1= 24,
2013,15:1-3.
FELE SRR S R, L ZERPAXT R bt &
I KRG N BAL A0 H RS2 ()], PR 45,
2012,14:566-569.
R ZEHE, INET [ 15 AR TR R, E I PR SR 2. VEGF
55 b-FGF TefE/KI R BB 1 B IR AU 9 (0]
RHEBE24,2011,39:1171-1172.
OWCZARCZYK-SACZONEK A, WOCIOR A,
PLACEK W, MAKSYMOWICZ W, WOJTKIEWICZ
J. The use of adipose-derived stem cells in selected skin
diseases (vitiligo, alopecia, and nonhealing wounds)
[J/OL]. Stem Cells Int, 2017, 2017: 4740709. doi:
10.1155/2017/4740709.
KASAP S, BARUTCU A, GUC H, YAZGAN S, KIVANC
M, VATANSEVER H S. Effects of keratinocytes
differentiated from embryonic and adipogenic stem cells
on wound healing in a diabetic mouse model[J]. Wounds,
2017, 29: 297-305.
CHANG Y W, WU Y C, HUANG S H, WANG H D,
KUO Y R, LEE S S. Autologous and not allogeneic
adipose-derived stem cells improve acute burn wound
healing[J/OL]. PLoS One, 2018, 13: ¢0197744. doi:
10.1371/journal.pone.0197744.
CHEN L, XIANG B, WANG X, XIANG C. Exosomes
derived from human menstrual blood-derived stem cells
alleviate fulminant hepatic failure[J/OL]. Stem Cell Res
Ther, 2017, 8: 9. doi: 10.1186/s13287-016-0453-6.
[(AXHE] I A



