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Abstract

BACKGROUND: The mesenchymal stem cell secretome contains bioactive substances, cytokines, and growth factors. Three-dimensional cell culture can
regulate the secretion of these components, potentially enhancing the ability to promote injury repair.

OBIJECTIVE: To investigate the repair effect of three-dimensional cultured human umbilical cord mesenchymal stem cell secretome on skin injuries in mice.
METHODS: Human umbilical cord mesenchymal stem cells were cultured in conventional two-dimensional culture dishes and 96-well U-bottom cell culture
plates, from which their secretory components were subsequently collected. The expression of skin damage repair related secretory factors in umbilical cord
mesenchymal stem cells was analyzed using RT-gPCR. The protein expression level of skin damage repair related factors in umbilical cord mesenchymal stem
cell secretome was detected using enzyme-linked immunosorbent assay. The potential of human umbilical cord mesenchymal stem cell secretome to repair
vascular injuries was evaluated using an immortalized human umbilical vein endothelial cell migration model. A mouse skin injury model was established, and
the human umbilical cord mesenchymal stem cell secretome was injected subcutaneously. Repair effects on skin injury were assessed through wound healing
rates and histopathological analysis.

RESULTS AND CONCLUSION: (1) After three days of cultivation, human umbilical cord mesenchymal stem cells cultured in two dimensions exhibited a
fibroblast-like, swirling growth pattern, whereas three-dimensional culture led to the formation of uniform microspheres. (2) Compared with two-dimensional
culture, three-dimensional culture significantly increased the mRNA expression of transforming growth factor § and basic fibroblast growth factor in human
umbilical cord mesenchymal stem cells. (3) Compared with two-dimensional culture, three-dimensional cultured human umbilical cord mesenchymal stem

cell secretome significantly enhanced the protein expression of vascular endothelial growth factor, interleukin-10, and granulocyte-macrophage colony-
stimulating factor in the human umbilical cord mesenchymal stem cell secretome. (4) Compared with two-dimensional culture, three-dimensional cultured
human umbilical cord mesenchymal stem cell secretome significantly promoted the migration of immortalized human umbilical cord mesenchymal stem cells. (5)
Compared with the untreated control group and the two-dimensional cultured human umbilical cord mesenchymal stem cell secretome, the three-dimensional
cultured human umbilical cord mesenchymal stem cell secretome can significantly accelerate the skin wound healing rate and wound skin structure remodeling

in mice. These results indicate that three-dimensional culture can enhance the expression of paracrine factors of human umbilical cord mesenchymal stem
cells, and their secretome can significantly promote the repair of mouse skin damage.
Key words: umbilical cord mesenchymal stem cell; three-dimensional cell culture; paracrine; secretome; cell migration; skin defect; wound healing; engineered

stem cell
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#F 1 | RT-gPCR 5|47
Table 1 | Primer sequences for RT-qPCR

M Forward primer(5’-3’) Reverse primer(3’-5’)

ACTB AAG GAG CCC CAC GAG AAA AAT ACCGAACTT GCATTGATT CCAG
TGF-B TGG TGG AAA CCC ACA ACG AA ACA CAG AGATCC GCAGTCCT
FGF2 TCC ACC TAT AAT TGG TCAAAG TGG T CAT CAG TTA CCA GCT CCC CC
VEGF GGC TGG CAA CAT AAC AGA GAA CCC CACATC TAT ACACACCTCC
IL-10 TTG CAA AAG AAG GCATGCACA G ATA GAG TCG CCA CCCTGA TG
HGF GCT ATC GGG GTA AAG ACCTACA CGT AGC GTA CCT CTG GAT TGC
TSG-6 AGA TGA CCC AGG TTG CTT GG TGG AAA CCT CCA GCT GTCAC
G-CSF GTG CCA CCT ACA AGC TGT GC AAA GGC CGC TAT GGA GTT GG

Rik: ACTB NMENEH, TGF-B NHALA KA T B, FGF2 AR AT 4L E K
(K5, VEGF NI A B ALK IR T IL-10 Jy FLARIE A 3 10, HGF 9 TAR IR KR T
TSG-6 JyfE SR T RUBIA T 6, G-CSF A 24 i) FE W2 A7 84 R 7
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FEDE 7RI 1 6 B I KF, 4% MR ELISA 7 & e BH R A
PERTHEA P BRI RTINS . SA-HRP, (S5 1587, £
MPUARFBRAE S, AT R =R ) 300 pL Pes i 30 s,
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W, ZEIEMEE 1.5h, FFFLHN 100 ul Perlsetz 5 ;AL
100 pL K IHTAR, IR E 30 min, B PiGRE, AL
100 pL {5 53987, == EEEIFE 15 min, HE BRI
£EALI1 100 uL SA-HRP, =i G & 15 min, # & PbifiE:
L0 100 uL TMB 2 (5, =3 8 E ¥ & 5-30 min;
FL 1IN 100 pL 2 1k, 30 min P {5 A @ bR A3 47 450 nm F
570 nm XA G FEAE, AR FEIROG BEE TR R
W
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J&, F 200 pL B BT E A i R 2 B0 E
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B2 T VRS 80 pL —4Emk = 4 HUCMSCs-Sec, 52 11 7] /) i, 24
VTR, HHTRE, WEORFRER T, DR SEI TR
JE o
147 ARG EERIMETENE WA L AN E 5.
J4h, fEEIE 0, 1, 3, 5, 7, 10, 14, 16 d INXf 61k
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SCEUL ST A B JR s BE 2 O
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I 5-10 min, FU) FAKIRFEANTCK SBE ARRR 73 50 90% L
IRFR S $ 80% L E AR L 70% L EEH 4% 2 min, Kk
B2 RCAYEZ: 208, 4R 2.0-3.0 min; REETI T BATA
fi5rh 8-15 min, WLELHE N RGN 2K 1 1.0-2.0 min,
PAVE £V 2 Ja V) /% R ARTR 40 80 1% Eh 1R £ 1 oy
ILRPZ 30 s, V) BRE R A, B AR KBER 30-
60 min, {4 21 50 I €0 BOR IR €0 )5 B N Ru i IR e 2-
5min, FENKPBEEFLAREE: WEEH E2RKGER
NARF 5% 80% .1 H it 7K 1.0-2.0 min, ARF 4% 90% 2.
BEHiZK 2-4 min, JoK ZEEH ALK 4-8 ming 5, #
ANZHZE ] hiE 3-5 min, ZH 1 4iE 8] 5-10 min; %
BIZEROE I, IR R IR T 2H 2 1 R 3 A A
Fha, ERERHEE R, WS R B LRS MK E G L,
FERS R JEE L AR A SR B R B J S HEAT v 2 4
1410 b gets B RIS T AR R, ZH Rk
2 R, X 20 ming L ZBEKAL: oK SBE S min, JEK
ZFE 5 min, KFR 5% 95% £ BF 3 min, RT3 % 80% £ %
3 min, RFR5% 70% £ 1% 3 min, ddH,0 5 min, PBS5 min;
Y1 H pH=6.0 B AT B IR AN 42 i U AT SRR B B, Tl
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F K 3 min & 2 I 5 K K 8 min, %R YA A1 40 min J5 A
PBS ¥ 3 Ik, EX 5 min; SRJ5 KRR $ 3% id AL A =
IR B G E 15 min, DL PR VR PE G S g, PBS Uk 3
K, BFIXS5 ming 2 Ja HAEREEHL, 30 g/L BSA =i
4f [ 30 min; 20 Anti-CD31 HiifA 4 1 : 2 000 # Bt )5 4 C
J B, PBS WE 3 IR, K5 ming ARG &
ik 1 1 200 7 B¢ J5 & 0 F 90 min, PBS ¥t 3 Ik, &K
5 min; GRS AB WHZ 1 ¢ 100 FREE HIE M H
90 min, PBS ¥ 3 ¥k, 4FIX 5 min; DAB & (it 1 : 20 ¥
FEJG 265 10-15 min, B85 7E RS T EA TR PG,
W82 (038 BLS RK M BE 5 min 54 R B, BEABRA
K2 Y 5 min, JF/KMEE 15 min, PBS JZ#5 1 min, ddH,0 ¥
3 min, PBS ¥t 3 min; FH/4& #1454 70%. 80%, 90%, 95%,
100% & Wk FE i 7K, BRI 3 ming ZHIZREW 2 Ik, BFIK
5min; IR AR T AL B SR B TS,
SRR, WL S A CD31 Ptk FIE I 47 & B4t
M.

1.5 EZIERIEAR O LB =GEE IR IG5 18] 78 5 140
MTEAS: @ 4EA =415 3% 09 N (8] 78 50 T4 i v s Jik 45
PiMe A IR R I 7 s @ - 4E R = 4ER5 77 1) HUCMSCs-Sec
SRNIREA A2 58 QPSRN S Eet i 0P VNl b7 DTS R I
T 6 MEARIEER; @4 =4k HUCMSCs-Sec i i A Jiff
KA R AT A BE I 2 s © - 4EB =4 HUCMSCs-Sec
AEIR 5 R A VB AL © 4B =4 HUCMSCs-Sec 4b 7
Ji B SR L2305 3 2 R0 G B ZE A 3

1.6 it oA LI HIE R xts %R, A Graphpad
prism 9 XA AT ¢ KA R R 5 # S, P < 0.05 N7 R
ARBWERE L XEGFIE G E N KRR ZEZE
TR E R EF RS E T KT

2 %58 Results

21 mieHAFE R R g EHERIE3d)E, %k
I B RIS, B 1A SR 4R A
[ 78 T4 R BE ARG, TS AR Y — IR gl i, 2°F
ITHA K BERIR A, I SR s B 1B Bon =4
B IR0 N BT 18] 78 T4 B 7E 96 L U JERAN A RS FR R N K48
R AR ER, BEARTRAN . KN —

22 —ffpfe = Y3 ARAG R LR T a e b AR K ik B Ak
B AKX EF N T IAE =4 a0 A 7] 78 53140 e 43
W BRI B R F MR ) R T/ R AE SR, AR T AR 4
F57% 3 d ) 4R s 1) 78 o T 40 e A =4 5% iy 18] 78 51 1
ZHAf, @I RT-gPCR A IUAH ¢4 W Rl B BE R Rk /K, K&
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Bl B A YR A R 70 T4, SR TAT BUlEi R A4
K B AZYEREIRI NG A 40, ERoRIRAEK.
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Figure 1 | Morphology of human umbilical cord mesenchymal stem cells
cultured in two-dimensional and three-dimensional cultures (scale bars:
500 pm)
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