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Abstract

BACKGROUND: The biological behavior of mesenchymal stem cells is influenced by the survival microenvironment. Pre-treatment of the microenvironment is

an important means of regulating the function of mesenchymal stem cells.

OBJECTIVE: To compare the differences in paracrine function of umbilical cord mesenchymal stem cells and adipose mesenchymal stem cells under oxidative
stress and hypoxia, and to provide a theoretical basis for selecting appropriate pretreatment of mesenchymal stem cells to treat different diseases.
METHODS: Umbilical cord mesenchymal stem cells and adipose mesenchymal stem cells were cultured by H,0, or O, oxygen, respectively, and cell morphology,

proliferation, viability and paracrine factor expression were examined.

RESULTS AND CONCLUSION: (1) The expression levels of brain-derived neurotrophic factor and transforming growth factor-8 were higher in umbilical cord
mesenchymal stem cells than in adipose mesenchymal stem cells under a normal culture environment, while the expressions of stromal cell-derived factor-1a
and tumor necrosis factor stimulating factor-6 in the adipose mesenchymal stem cells were significantly higher than those in the umbilical cord mesenchymal
stem cells. (2) There was no significant difference in the effect of low and moderate levels (< 100 umol/L) of H,0, on the viability of the two mesenchymal
stem cells. However, increasing the H,0, concentration from 50 pmol/L to 100 umol/L resulted in a distinct increase in vascular endothelial growth factor
expression in umbilical cord mesenchymal stem cells. The expression of basic fibroblast growth factor, vascular endothelial growth factor, stromal cell-derived
factor-1a and interleukin-10 in adipose mesenchymal stem cells was greatly increased by increasing H,0, concentration in this range. (3) 1% O, hypoxia
promoted mesenchymal stem cell proliferation. After 24 hours of culture in 1% O,, gene expression levels were elevated in both mesenchymal stem cells, but
the expression levels of vascular endothelial growth factor, interleukin-10 and tumor necrosis factor stimulating factor-6 were significantly higher in adipose
mesenchymal stem cells than in umbilical cord mesenchymal stem cells. (4) It is concluded that hypoxia and oxidative stress preconditioning enhances the
paracrine function of mesenchymal stem cells. However, mesenchymal stem cells respond differently to hypoxia and oxidative stress. Treating diseases can
choose suitable mesenchymal stem cells for appropriate pretreatment to further enhance their therapeutic potential.

Key words: umbilical cord mesenchymal stem cell; adipose mesenchymal stem cell; paracrine; oxidative stress; hypoxia
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0 5|= Introduction

V) 70 o8 4 A — SR T IR 2 B A T4, wT A
MAREA L R Ea2], s ™, Y. B FiE
e WA IR R 2 A g R, T Lok fig 4
B, PRI, POEANAE. ULAGIN. EansE B BT
w7 8] 708 T 40 B R YR T8 A2 LR FF 0 5F iy, g i 1) 7 5 14
Ji 22 HOR IR TG AR 5 2 7 IR, AT AR A SRR
(W78 T4, B AR5 BEEREE . (R T E
T BRI R, AT IR HT . IR ST 8] 78 J5T 40 M 1 45
A& SR ] B R AR AR o310 7 AR R 4 B A 5 2 401 40 e,
{ET-40 M e RS AR 5 T KA O I RO O e %
WA T4 A 55 4030 T BE AT BEAE LA SUB A T AR Aok G /R ) 22
H 1 3 4h 22 1003047 S50 T F B 5 A () 78 J53 40 e 0 i s 1]
FER T4 B TT DAGE 3k 490 22 ol 55 43 WA LR 35T T B PR L ]
IRIHFERAE ", BT R L BB AE M TR IR 7SR
440 R 77 1) 78 o 2 A R SRR IR 55 i T RE . RERE AR
Ky ARG i 2 P AEYNE R T, AT DU N R
Az K- [ -7 (vascular endothelial growth factor, VEGF). #f 4 %
-4k 4 i A= K K] T (basic fibroblast growth factor, bFGF). i
VR 2B FE KT (brain derived neurotrophic factor, BDNF).
FFA AR AR A PR 7 R B AE R R 1 ST 4R B B 3R
Ak B E DLaE s 41D/ 25 10(interleukin-10, 1L-10).
il J8d S8 36 IR . B 9RE 3R FE IR T ) 3 Rl T 6(tumor necrosis
factor a stimulated gene 6, TSG-6) Z& 4y K T 1 W AC . &
RERIGIR A TS 7, SRR LB T4 R T R A AT AR
[Xl-F 1a(stromal cell derived factor-1a,, SDF-1a) Z&[A 180 T
RIS, HITHAL RS E Y. EARMALURER
FER TN 55 /3 WS RET A ek 22 57 P B R A 0} )
TR T4 M 55 4 WA ThiB thAT &2 5mi @Y, i iR R A%
] LASRAS HA R 7 D R A 18] 70 ot T4 i . S AR AR 0 S0
SO [B) 78 00 TP — N E BN R, BRSNS IR R T

2 | PEPLTIENR | 88285 | 8781 | 2024528

1 S SRR S B0 T AR SR SRR A B IR R B
PR 1) 70 3 40 i s BB EAE SR 1, WS BUR TR A,
AN 2k, SRR IR R T AN A T B A ) P R
B2 m] LURRZE [0 FE IR T4 22, (Rt 2R AR KR 208 P
RN FEAR IR IT I SZ B GUR 2 PR JORE . BRI, b S R
TR EREREE, AR EVE VRS, AR X A T A RBOIR
A, MEEPE TR S AR RS I RE . (U
IR L S AL & (hydrogen peroxide, H,0,) FI i [F] 78 fii +
Y f 55 > W Z AN 7, S 5HIXEIEE. Hik,
BN F) R ) 70 7 T A0 B TE IE R 45 9% . RS R R B
B 5570 h TH RE 1) 22 S LA HE B S

SR F 0 LG A ) 70 5T 4 B R IR 77 1] 76 5 4
ML %, R, EAMBEREREL LW ER, JF
FE T A B O TR R SR TR, LA o P 4 PR A AN TRV O 5
NG J) . BRI RIEFE (R IE B

1 #ARLFn753E Materials and methods

1.1 3%t TR AS W SR 55 2 Wh Th RE ) LS at o
1.2 B A& 2021 4 10 H & 2022 4 9 HEF iR} B
TR A T B S B 5 e

1.3 ##t

1.3.1 4HME WA sl 4R (555 HUXUC-01001) A
[) 78 57 T 244 i ( 5% 5 HUXMD-01001) i 5 F8 Mk ()7 ) 2E4)
BHEA AR, HAEEREG G FE T RS 77 .
1.3.2 S250iA77 DMEM fILHERT 72 E. DMEM/F12 #5375 (3%
[ Gibco); A1 H&H &R - B8 = WP 0.25% i
& A 4k W ( 3% [H Biological Industries); bFGF. VEGF.
BDNF [ ELISA iR 7§ & ( 3¢ [E Biolegend); CD31-FITC, CDA45-
APC. CD73-PE. CD90-APC( 2t [H Bioscience); CCK-8( Jb 5t 21
R ) HO(HEEZER ) RiEFEAHE (bR aeX4E
£ ); qPCRRFFIE ( Jb3T GenStar).
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1.3.3 SZIG VS ZHMIREFE4E (22 Thermo Scientific); {4
B4 (hEARACT A ) B E O RS ( HA Nikon); &
AR B O (48[ Eppendorf); i =41 AL A% ( 5% [ Becton
Dickinson); Z IhAEEEFRIX ( Fi—t: TECAN); 23 )RRt (15[
IMPLEN); 3 PCR 1% ( 32 [ Bio-rad); %% PCRAX ( 3£
Angilent Technologies).

1.4 7%

141 ZMREFR 5l (A) 70 00 40 M ) 85 7 ok A R B AR AR O
$110% 5 2 13 A1 1% BUPTH) DMEM/F12 K5 3% 2, 1fi A5 Wi
V) 70 53 441 B 1R 355 7% 2% A S 3 PR AR 43 3 10% i 4 IfLis A 1%
AL DMEM IRpEE 7255, B T 37 C. #8451 5%CO, 11
R BE R EE FRAR R 85 9%, W= R 1 %R0, 4k
80%-90% fli &I, 0.25% kA HAL, LA 1 & 3Ll i AEE 77
1.4.2 FRibrERN  BEEERRESRIFIE 3-5 AR
705 T4 -5 R D7 T 7 5t T 40 A, 0.25% R Ak 2305, PBS
Ve 2 Uk, A M EUS K g i B RS & EP B, R A
10° 4, 5%BSA 4] 15 min, 7 EP &P 43BN 5 pL [ CD31,
CD45, CD90. CD73 Hifk, K L% & 30 min, 1 500 r/min &
> 5 min, PBS H &G EAEH, WA AU,
1.4.3  BEIEG R B S2a6 10 ACLL A BB A1 TR) 76 57 T-4H i
L ReDITa e i TR R R 3 d G, R IR .
G U AR, B A P2 10 ug/mL,
f39L 100 uL, 4 CIERJ5, Vedsmist 4 K, FLIN 200 uL £
AR A, 500 r/min $EIRIFE 1 h, DIGEEREGE 4 X,
FLIN 100 pL b ok & AURE S, Z IR 300 r/min $EIRFEE 2 h,
VEBE 5 vk, ARSI 100 uL f TMB JRYIE WL, 8L E
15 min, BESLAIN 100 pb 45 (E A Ik Je o B AR A B LA
450 nm &b IR OEEAE

1.4.4 FACRIERTY  EBUZE KR R 10 AL I
V) 78 57 40 B 5 i 0 180 78 R T4 B LA 2x10°/ FLA 2 B T
6 L, e MBS, Rl NZIRIE N 50, 100 umol/L
(1) H,0,, 7E 37 C. AR5 % 5%CO, T A 2 55 T i rh 5 77
24 h, LA H,0, K5 9% Am e st R4 .

145 (REAEMRA IEHUARKOIRES R 10 AL IR 5 1) 78
JR 41 -5 g 7 TR0 78 J5 T4 ff L 2x10°/ FLI% %5 B el T 6 L
W, HAEsEaMiEEE, BT 37 C. K% 1%0,. AR5
H1 5%CO,. MRFH 415 94%N, [TV FIE BE 55 7R F HH 85 9% 24 h,
DUAEFR 5340 21%0, B5F= 41 BAE Xt e 20 .

1.4.6 RT-qPCR f& il Wt 4E IE % K5 7=, T 4b B2 1 1% 77 (] 78
J 41 e 55 RE W 1) 78 5 T4 e, 0 1 mL [ Trizol 24 A 41 fitg
10 min, F 1 200 pL =& F 620K 10 min, 14 000 r/min 2
O 15 min, WRHL IR EP &, M0 1.5 £ S A BEHENR 5,
‘= 5 # E 10 min, 14 000 r/min & > 15 min, 3 L35, W0
1 mL R FR 5> % 75% 2.1, 14 000 r/min B5.0» 15 min, 7 4%,
14 000 r/min 75 & 15 min, 05, hi&EICEIClEK, Hot
JCEETHIEIRE S, B 1 ug 1) RNA RS2 A s R &, 4%
SEIR B 2 A RNA 25509 cDNA, K515 211 cDNA 5k
I} 78 B PCRARF &K I mRNA ZKF, 45MRE i 3 AN AL,

J2 2 95 °C 10 min DA% AL DNA T, 95 °C 55, 60 C 15's,
72 °C 10s, 40 MEA R BER3HT. LL actin {EARNSEE,
MR A R R R AR S FA R 1.

# 1 | RT-qPCR 5|45
Table 1 | Primer sequences for RT-gPCR

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

actin CCT CAC CCT GAA GTA CCC AGC CTG GAT AGC AAC GTACAT G
bFGF GCT GTA CTG CAA AAA CGG GG AGC CAG GTA ACG GTT AGCAC
VEGF TGG AGT GTG TGC CCA CTG AG TGC ATT CAC ATT TGT GCT GTA G
BDNF TAA CGG CGG CAG ACA AAA AGA TGC ACT TGG TCT CGT AGA AGT AT
SDF-1a  CAG TCA ACC TGG GCA AAG CC AGC TTT GGT CCT GAG AGT CC
IL-10 TCA AGG CGC ATG TGA ACT CC GAT GTC AAA CCT CACTGG CT
TSG-6 CGG AAT AAA CAT CGG GAA AG CCA AGT AGA TAC AAA GGC AACC

FVE: actin NIBIE 1, bFGF AR L AT dedn g 2L K K 7, VEGF Il A e 2
KH T, BDNF AMVEEMZE FRE T, SOF-la KM AIMATAEE T 1o, 1L-10
EIZAHAA 3 10, TSG-6 AHEASERE 7RI T 6

1.4.7 SEACRIEOS A0S s IEEUAE KRS R PR 10
AL P (1 Jie i 1) 78 Jo3 48 5 g Jg ) 78 ot T4 i, 0.25% Ji&
Wi A B0 5 R, 4% 1x10° LT 4 ik FE AR T 96
LB, BEAL 100 pL, W3 NEFL. FRAMSE A NGEE, 3l
A0, 25, 50, 75, 100, 150, 200 umol/L [¥] H,0, 4k&: 453
24 h, PBS 2, FEH{ 10%CCK-8 FfI s 72 4L, 4kalis
7 2 h, BEARXAE 450 nm Kb E W AR . AR A ST S
LG 77 (%)= SEER RO BEAE / X IR AR FE (B x100%

1.4.8 IR ARG 72 AR KORAS R 47 10 AR LA
P %) B 7 1) 78 Jo2 48 5 g Jg ) 78 5 T4 i, 0.25% SRR
B O JE BB, 3% 1x10° L (P40 vk B 0 T 96 FLAR,
4L 100 L, #3AMNESL. IS NGEE, FEE4IE T
37 °C. R4 1%0,. 5%CO,. 94%N, [V FINE BE 835240 b
Bi9: 0, 12, 24, 48h, LLIEHREFE (37 'C. &%k 5%CO,.
21%0,) HI4H AT I, 23 5 AR LB [R] s B8 46 75 10%CCK-8
WA IR, 4R 9R 2 h, BEARAUAE 450 nm AL E RO
FEAE, ARHE 1.4.7 A E AT T

1.5 EZULEIEATF MG, EAWE. BERIAE.
1.6 %itF 547 K GraphPad Prism 8.0.2 B A% $E 3647
Guit o A AR Bl LB HHE ) xes oo 7] — O, B H,0,
WEE NP A A LR ¢ AR S, [RIFR4H A [FIR BE O, BR H,0,
% 41 [R] L F ANOVA K56, 2HL 1] 9 795 LL 33 R LSD 7. P < 0.05
NEREREMEZE L, P<0.01 NEFHIERBEMLEZ N, P<
0.001 N Z T W EEE o CES T F g gl [
N R ZEZEH R =R E R R F AR5 % K d o

2 258 Results

21 miaBAFETER IEFEEIR 48N G, fEHEIOLE
e N RN AS, B 1 R] DL A R 7 5 40 P S AR A TR
FeR TN EE A K, AT SEIARE, KN —, 4R
BEAMFE, 227N =ME, FATHZIS0ER
RAEK . (B 18] 70 03 T 40 P AR AR B B 5K, 2 I T4
)3 54t
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Pl B A el R 70 5T T4, B AR 1) 78 BT 40 . 2 T i e
BEAMFE, 22BN =ME, Ay siemREK, H
ety 1) 70 0 T R AR AR B S BT, SR AR AR 3 M5 A

1 | BB 7 R 4aAaAnAsriE 7t R F 4R A 7S (ARR A 500 um)
Figure 1 | Morphology of umbilical cord mesenchymal stem cells and
adipose mesenchymal stem cells (scale bar: 500 um)

22 RmArEME R R 3-5 AR R 7R T
I L 5 15 7 18] 70 0 T 40 i 0 R T bR A, AR B B
[F] 78 J52 - 48 Jifd 7 32 1] 470 )51 CD90 A CD73 BH 4 %l 96.5%,
98.2%, CD31 i CD45 PH 1% Z AL 0.63%, 4.1%, IL[E 2A;
i s 1) 78 J5T - 4 B ¥ 3% TH Bt J5L CD90 A1 CD73 FH P F Ny
95.3%, 98.6%, CD31 fll CD45 PH 1t %4V Ky 0.7%, 0.75%, .
2B. 2 Fifa] 7 o T4 M AE Sy R Y EIE IR R

A B

. A I 70 40 (A) RV 60 96 5% 441 (B) #7534 D73,
CD90, /~#ik CD31. CD45

2 | RN 4R E AR

Figure 2 | Detecting the surface markers of stem cells by the flow
cytometry

23 ZOEe AR TR P SRR I IE 557 3 d
{14 5 it ) 70 o T 240 1 R T J ) 70 o T 440 Jfa 3% 77 ¥ BDNF
VEGF. SDF-la. IL-10 fil TGF-B ZK A/ i & . B 3 4R LR,
VEGF 1 IL-10 [ 4> 4 5 P9 4. JC BH &t % 5 (P > 0.05), BDNF,
SDF-la il TGF-B [ ¥ 2 P 41 22 S Al 2 %% (P < 0.001), Jiff
i 18] 78 J5 T4 Jif0 ) Wik 1Y) BDNF Al TGF-B 58 2, T I i 1) 78 Joi
T-4H M Wb B SDF-1a TH %2, 5 IL-10 A1 VEGF A LL, JF it ]
705 T 20 S R TG 77 1] 78 5T T 4 B % 7R BDNF, SDF-1a FlI
TGF-B & 170 Wi o 1 o

o 7 4
B A T Ak

160 4 200 a 0.3 150
— a
— 140 IL\ =3 ElSO = = —
£ E 3 Eo02 £ 100
B120 I 2, - S0 2 2
= 2
£ 100 5 | = a
< & ‘ So1 & 50
2 12[ . 21 é 50 E ©
0 0 0 0 0

3: °P<0.001, BDNF: [jPEMPZE -5 VEGF: I P B2 A K A

F; SDF-la: BEFRANMIATAENF la; IL-10: HZHEAZ 10, TSG-6: ff
PRSI R 5 6

E 3 | B RTaafERE R TAREEO A ENES
Figure 3 | Differences in protein secretion between umbilical cord
mesenchymal stem cells and adipose mesenchymal stem cells
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24 AREZRFERF WRIEERIE 3 d BRI 72 T
4 it 01 07 T 70 o TR B A B DR SRR 22 e, IR 5 3 3Rk
bFGF. VEGF, BDNF, SDF-la. IL-10 1 7SG-6, U.[& 4. JF7
[) 78 J53 41 i 5 0 U [) 78 03 - 41 B 7E bFGF. VEGF., SDF-la
FIL-10 35 R TEIA R 25 (P > 0.05). 5 6] 78 )5 141
BDNF )3 1A (4.482+2.093) J2 /I /i 1] 78 o1 T-4H1 2 (1.001%0.15)
1) 4 57547, {H TSG-6 [1)3R1A (0.052+0.039) X A g Wi 1] 78 Jit
T2 (1.008+0.187) 1] 1/20.

I i [ 78 20

8 b B i ) 5 -4
« 6
£
=, ﬁ =

0 1 B sl 1

bFGF VEGF BDNF TSG-6
El:: °P<0.05, °P<0.001. bFGF: BHPERLTEdm I KF T VEGF:
LA A H 7~ BDNF: Va2 8 5K 1 SDF-1a: & 4HHufiT
AT las IL-10: (4IRS 10; TSG-6: MURIRSEA TRl A T 6

4 | BB 7E R T 4RAE 5 BE AR B 78 R T 4R AR Y £ Bl 2Rk

Figure 4 | Gene expression of umbilical cord mesenchymal stem cells and
adipose mesenchymal stem cells

SDF-1a IL-10

25 AR A AR 1A AR T 4 b g 1R AR T gm i
G

251 AR[FEHSE H,0, WAL S R T L H,0, X
78 5 - 405 1 K950, LA H,0, (4TI B, 22
Y1 9IS [F) 96 H,0, 4bFE 24 h J5, CCK-8 il 41 g 1%
1, KBLH,0, BRAR T 1A 78R T4 /1, WE 5. (HE<
100 pmol/L HARH EETEE N, H,0, % 8] 78 Joi 4 L i 71 520
B/N: 50-100 pwmol/L Hh ik B 105 Bl Py, 2 b ) 7 5 T 40 v
F1¥) 5T 60%, T EL AR BERE, 2 B IE] 78 T4l TS 1k
A0 2 R (P> 0.05), > 100 umol/L [ & K H,0, %t i 78
AR E RO, U 5 AT 8] 78 T 4R M B R OR,
200 pmol/L < FE IR et 18] 78 5t 240 Bt JI00h 27% fith .

— I [ FE 5T T4 VE: HSIFAT G,
ISR G, 6 G T AL R P <

120 0.001
g 9 Bl 5 | REIRE H,0, 3B 8 78 i T4
S o RS T RS DR
3 Figure 5 | Effects of different
E 30

concentrations of H,0, on the viability of
0 umbilical cord mesenchymal stem cells and

0 25 50 75 100 150 200
H,0, (umol/L) adipose mesenchymal stem cells

2.5.2 AN[EIKRFE H,0, X HE R RIE R M H,0, ] DL & (A
75 5 44 i f bFGF. VEGF, BDNF, SDF-la. IL-10 FiI TSG-6
() Rk KF, W [E6. {HH0, K H 50 umol/L F & 2
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