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Abstract

BACKGROUND: In recent years, stem cell plays an important role in the repair of tissue injury, among which mesenchymal stem cell transplantation is the
most widely used. Mesenchymal stem cells can secrete cytokines through paracrine effect to promote the repair of damaged tissue. Hypoxia pretreatment
can improve the biological characteristics of mesenchymal stem cells. Hypoxic preconditioning of human amniotic mesenchymal stem cells may play a better
therapeutic role in tissue injury repair.
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OBJECTIVE: To study the effects of different hypoxic pretreatment on the proliferation, antiapoptotic ability, and parocrine effect of human amniotic

mesenchymal stem cells.

METHODS: The primary human amniotic mesenchymal stem cells were obtained by enzyme digestion method. Passage 3 human amniotic mesenchymal stem
cells were pretreated with different hypoxic concentrations for 48 hours and randomly divided into hypoxic pretreatment group (1% O,, 3% O,, 5% O,, and 10%
0,) and control group (21% O,). The morphology of human amniotic mesenchymal stem cells was observed under an inverted microscope. The proliferation
ability of human amniotic mesenchymal stem cells was detected by CCK-8 assay. Annexin V-FITC/PI kit was used to detect the apoptosis of human amniotic
mesenchymal stem cells. The apoptosis gene and hypoxia-inducible factor of human amniotic mesenchymal stem cells were detected by real-time quantitative
PCR. The cytokine secretion capacity of human amniotic mesenchymal stem cells in each group was detected by enzyme-linked immunosorbent assay.
RESULTS AND CONCLUSION: Under the microscope, the morphology of human amniotic mesenchymal stem cells in different hypoxic pretreatment groups
showed no significant difference. Hypoxic pretreatment could enhance the proliferation, anti-apoptotic and paracrine cytokine capacity of human amniotic
mesenchymal stem cells. Pretreatment effect of 1% O, concentration was better than that of 3% O,, 5% O,, 10% O, and 21% O,.
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1 #EFI753E Materials and methods
1.1 3t gk s s .
1.2 BFE A E SZEGT 2020 4F 12 H & 2021 4 12 AR
SRR S B A 24 3 20 7 0 L AT SR = R A
1.3 ##+
131 NCEMERUE S0l R K 5 b s e B A #E 2% D 23 41k
7 (YISKTLS-2019-2021-027H), [EHVA@ 4 ERE T, Rl
HEBR AL Yt e, TR SCRFLR S B I8 B Bt r= RHER 5 2
HIaAE, AR IR AN R 2
1.3.2 FZEGH DMEM/F12 #5357 55 . a4 ifid . JHERE (Gibeo,
EH), THERESM. TR, Dnase I g, —H
FHA. ARG S (R E, TE ) B A 4EA
KB (B8R, PE); cok-8 Wi & (4, HA); I
WREAEKE T $&EKRET. FARAEKRT. MR
Az A R T TG S 2 W B s ) A ( FRSReSfiRE, HHIE ); PCR
WA (P, PE ).
1.3.3 FEUSE HEMIIEIRAE . BRI (Forma, E[EH );
ARG FRAE (Smartor, K [H ); 5] B AHZ B (Olympus,
HA): N4 14X (Becton Dickinson, %[ ); & ik &
Oo#L (Eppendorf, fEE ); B (3 mL/5 mL), ESEEFM
(25 cm/75 cm). B0 (15 mL/50 mL). $2354% (96 1L /6 1L)
(NEST, 3E[H); 4°C /=20 °C /-80 ‘CUKFH. i LIEG (/K
A, HE); PCRAU( RIECEHAEMRHE AR AR, FHE ).
1.4 Z£¥%FH %k
1.4.1 NZERREAI 780 FA0M I 2 R 7R AR R S w
(1) N ZF 8] 70 o T4t M J5 AR o0 B i o A AR 8 IR
BERZ MR E BT R E IR REAL, e TIEEN,
PBS e THI M 7F FH BNV, BUMEEMIZHZY, A1l @ 214k
U 0.05% JiEEE, =T 200 r/min, 37 “CHE KB IR AL
30 min, 300 H JEM I 38, KU PN L 2R E izl
M R LU, BCERTEM N EREHLY, N1 D 2 ARFEL
e TR R R, T4k 1 h, 18, WCEENEM, &bk,
1200 r/min, &0 7 min J5 77 LiEW, 5E4E 7R (DMEM/F12
LRl R L 90 mL. A4S ML 10 mL. BEb o 4 AR KA T
00l FEEZHESRSW LI mL) EE, BT830 (8
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JRAR ), CO, BEFRM M KGR, BFE 2 d il 1 k. M4l A
J& 85%-90% I, M 0.125% Jf 7 1k 2 min, #5 F W41
AR [ I ST EP & L34k, 1200 r/min B0 5 min 55 EiE, 58
ArEFRiEEE, D1 28EM TR (I 1), &b
IR 75 K N 3 R R) 78 0 T4 A R 28 2 4K

(2) NERE ) 7o i Fan o AR B % HEE 2 R
JE TR 78 R F A 4k THE  InN PBS K 40 i ik R B
1.5x10° L*, HY 15 3Z it 20 43 I i\ CD44, CD90. CD73,
CD105. CD45/19/34/11b/HLA-DR-PE Hi{k T- ik & kc i, &L
34, BN 100 L 4 EH, VRAT, BOLPEEE 30 min, A
TN HEE I, 1000 r/min &0 6 min, 3 EFiE, WA 1 mL
TP, B0, 35 L, 0N 400 pL PBS =& 5 _LALA .
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LEBIRAR, =PURME 148, 4% 34K

M E - it U R B % e

IR TSR I SRR A I S P e 1 3 2 D b

1.4.2 ARAECTALFE N 2 R 70 ot T4 28 3 AR S ) 7 )
THT CO, B A T% 24 h, kTR FHRE GRS
5%: 1%, 3%, 5%, 10% fIG%TiAb B 4L AN S0 B2 (1A FR
H21% AR ), IRETHAE T =S MNE 9% 48 h,
AN RAE T CO, H AR 48 h, HRZKMHAMFAL

1.43 ANFJBEEZR THMEESFEE ARERESEEAS
TR Ab PN 2 5] 78 5T T-40 0 48 h 5 78 {3 B B e T WS 4 g
e,

1.4.4 CCK-8 VAN N\ = JEE[H) 78 Jo T-AH M A M BB RE ) AN A A
R BRI TAC BN SE T R 78 0T T 40 A 48 h, Ak, THEL,
VAT MR E oy 2x107 LY, LA 100 ul/ FLEERIT 96 LA, %
B4R g, S5 A, #RIfE L, 3, 5, 7d [E—KE A
BN 100 uL/ FL CCK-8 ¥ ( skt CCK-8 AL
9 1 1), WA CO,H5FRFEHEFE 2.5 h, BEFRACIE K 450 nm
AR AR .

1.4.5 Annexin V-FITC/PI {57 G I\ = 5% 5] 70 o 448 it 114 7
ToAB DL AN RRAR 3 B S TRAL RN S JE ) 70 5T T4 2 48 h,
WAk, %, 1 mL [ Binding Buffer B £:4HJfd, 300xg 5.0
10 min, 3 L%, A 1 mL ff) Binding Buffer I 241 A, f%&
MM A 1x10° LY, JaUE N 100 L Zi R, &AL 3
AN, N5 WL [ Annexin V-FITC, Y41, WG E 10 min,
AN SuLf P, WA 5min, JIA PBS £ 500 ul EALAG .
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1.4.6 SIS B PCR AN\ = 58 1) 78 o 1240 B 0 T2 AR G
FPRIABEA T 3T 1 3RA

(1) Trizol 42 B RNA: AR 73 BRI BiAL BE N 5
JIE 18] 78 57 T 40 M 48 h, I 1 mL Trizol Y5, ¥ 276
RNase [f] EP & 124/ 10 min, /il A\ 200 pL 50077, Bl Z4 AR 2],
FlR A NEE 5 ming ARG B0 4 'C. 12 000 r/min
B0 8 min, AULKEM 7N 3 2, RNA T A B EIKHH,
W B EIKAR T EP B, N 400 pb S I, VRS E E IR
#E 10 min, [FFEZHE R B0 10 min, EP &R A AT
P RNA, ¥ i, BN 1 mL G RNase [1AF 73 # 75% &
BZ, JJE, 4 °C. 10 000 r/min &0 5 min, FkF L, -
W FFE AR T B0 5 min, 7 EIE, AT RNA JUEY)
8 min, ¥4 RNA 3T 20 uL [#] DEPC 7k, HY 2 uL [#1 RNA F
B ICEETHIE Aseon Asso LA I Aggo/Asgo H, 115 RNA [
AEEEFIIREE o AR Ajeo/Asso LLAE, THAL RNA i 5. HRHENE
JEAE T H A S SRR S RNA VR JE . 5L RNA VR (ug/uL)=
Ayeox80x107, H4H-2H K RNA JilF =80 ‘CUKFE N AR A7 -

(2) RT ¥ < Bt cDNA: S [ BiAR R — 0. Rtk
[XIZH DNA, #ifz RNA 2.888 ug, DNA wiper Mix 4 uL, RNase-free
ddH,0 #ME 2 16 L, 42 CRER 2 ming 55 =20 Mol ¥
S NAR %, HiScript Il Select Q RT Super Mix 1 5 pL 15—
MR MR 16 pL 7E 50 “C 2644 &M 15 min, 85 ‘CRJV 5 s,
4 °C J2 B 10 min,

(3) LI %' 8 B PCR AL : K cDNA I [ B4R 5,
FESEIN 56 € B PCR A EEATRIIN, [ MifK R : cDNA 4 pL,
Forward Primer 0.4 pL, Reverse Primer 0.4 puL, SYBR Green
Master Mix 10 uL, ROX Reference Dye 2 0.4 uL, H,0 4.8 pL,
KRR TASYERT Br, 95 “C IR 10 min, 1AM, A2k
M, SEIEIE 95 °C, WAl 15s, 40 MEIR, 1B KIEME B,
60 C/Z [ 60 s, 40 MG, JEMEHI 2R B, 95 CHEFF
155, 60 C4ERF60s, 95 CHEFF 15s, 1 MEH. 5145751
L 1,

1 | NCBIEH 3457

Table 1 | NCBI search primer sequences

A Eik7) J731 (5'-3') PCR ™ 4))

B-actin Forward CCC TGG AGA AGA GCT ACG AG 180 bp
Reverse CGT ACA GGT CTT TGC GGA TG

Bax Forward AAG AAG CTG AGC GAG TGT CT 236 bp
Reverse GTT CTG ATC AGT TCC GGC AC

B A ST 1 Forward TCC AAG AAG CCC TAA CGT GT 180 bp
Reverse TGA TCG TCT GGC TGC TGT AA

Bcl-2 Forward TCC CCCAGTTCACCCC 276 bp
Reverse GGC ACA CGC CCCATCC

1.4.7  ELISA J2Aar I N =F 5 18] 78 /53 40 M 7 9 1L 85 P9 e 2B K A
T MEAEKRET . HARAKE T A4 K E T
WL WS S 2N ) 78 R T4 A T R, SR A,

37 CH¥ A 90 min, ¥etk, IiZEYELPilk 100 pL/ fL, ¥
& 60 min, INEELE A 100 uL/ L, & 30 min, IS5
90 pL/ FL, ¥ E 15 min, JNLIE 50 pL/ fL, KARNIEE WG
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A% v I N7 R B AR G EK 450 nm AEIR G FEAE

1.5 ERAURAEAT & 2H N T B TA) 7 ot 40 i 1) 3 B e
PR TAE AN A 4 B I 175 000

1.6 “itF 441 S SPSS 21.0 AR HIE AT ST 434
SEHG R DA xts Row, AL LGB BRI R 7 o0, T E
35, ZHIA PP LLECR A LSD 9, #55 ZEANTE, A iR
H Dunnett’s T3 7. CEG1T22 5k D&Ml L EREK2E
EVFE I FE X E

2 Z5E Results

2.1 AFIRR AR Famiaey i R B =K g s
BE, 5-7 d qHf Rl Gk 85%, MR R AN 2 MR A 78 T 40 i
R AR NEE R an i, AL AR alifh N 3 5 A) 78 ot T2
M1, 3-5dRhAIA 85%, MM BRI JitErE, G380
R TAEEA, WE 1. #aUEN cDad, CD90. CD73,
CD105 #7 Ji 5 A 14 F ik, ) CD45/19/34/11b/HLA-DR-PE 3T
JRFE R, WLE 2, FEECHIAH AT A B e T 40
KEHE -

30 AR T VLSRR S T Ak B 1) N =B i) 78 o &4 2
KR gigkre, AKEBURREGRRR, MBS R
Bk, ULE 3.

2.2 TRV SR AT BT AL R T 40 e384 49
#m O 1R: 1%, 3%, 5% IR AL HE 40 WO BEAE 3 &
FH AR (P < 0.01), 1% {H648 FUAb B 40 I o' B A 7 T 3%
5%, 10% LA THALFEZH (P < 0.01), 3% IG5 Tl b B 2H W o 3
{8 75 T 5% A AL HL4L (P < 0.05), 3%, 5% {I% 48, T kb ¥ 41
W FEAE = T 10% IRA AL EEAL (P<0.01), @%5 3 K: S5
SN IR ZEL A L, 19 I A0 A T 4 W8 6 88 41 4 25 48 75 (P < 0.01),
3%, 5%, 10% {4 T AL 4R % B (E 3 = (P < 0.05), 1% ik
AT B G FEAE = T 3%, 5%, 10% KA AL EEA (P <
0.01). @ 5 K: 1%, 3%, 10% k4 Tl kb #E 20 W 56 FEAE &
TR AT IR (P<0.01), 1% (KA TALFEHOGEEAE & T 3%,
10% IR AL FEZH (P < 0.01), 1% A& 5 T Ak 38 2H W 3 1 i
F 5% (AT FEL (P < 0.05). @5 7 K. HHEXIRAM
Eb, 1%, 3%, 109 {i 4 T A B ZH IO B 48 5 2 1 = (P < 0.01),
5% IR SA AL BEZH RO G FEME 39 17 (P < 0.05); 1% LA TRAL B
W BB = T 3%, 5%, 10% KA TR (P < 0.01), HAp
SAB G ES, WA 4.

23 REMRB K B A TAAL T AT AR 8 A T e A =
R SR UL R T 4 LR T O IR (P <
0.01), 1%, 3% (LA AL FRALI T 29 LK T 10% L& T4
R4 (P<0.01), 1% fICEFALHEALIE T 7 LUK T 5% (K5 il
AbFEAH (P < 0.05), HAKAMKRERYLEEEZ L, LE
5. SR ENLE B HH R AR TIER, HDl 1% (KA
TRALFR LR T A8 18R BT

24 FERAEE PCRAMLR  SARE AL FE {2 H -5
[A Bax mRNA ik AL T H TR (P<0.01), 1% (L&A Tkt

FRZH Bax KIAEALT HA KA (P <0.01); KACATAL B ST
JH T2 HE K] Bel-2 mRNA SRk &35 i 1 O R4, o H 5%
RETUE A A BE R X (P <0.01), HAXHEZERTLS
R, WE 6. H KA T I H A 5 5 K F 1 mRNA
FiLEETHANKA (P<0.01), HRKHLZIAZERTLRE
HER, LE7.

2.5 BB SRR R T an ikt e e B F K- 1%, 3%,
5% A% 4 T A FE 40 ifn A8 P R AR K R 1 A0 A o v T AR
HBZH (P <0.01), A4 PR LL i 22 e 35 W PR L (P<
0.01); AR TIAL B4 A 22 ALK IR~ JHF 400 M A K R 1
AT AN AR K R T B A A e TR AR R (P < 0.01),
HoAr & 4H 1A) PR BL B 2E R 3R R 3 TR L (P < 0.01),
ILE 8.

3 ifif Discussion

) 78 03 T4 R T iR k& RO R, SRRz,
LhanE 8. MRmidigl. s, Weam. BFifn. ERRdZ. FHE
s U0 B 2 M A BE A IR EHTRE 0. S TR
FERATE P AR B2 22 A D, TR) 70 o A L AR g B AR b -4
JHE P AR 2 T ARV R o N 2F R 78 5 T 4 R R
THRa# AL, BAREEE. REFE. Ao BE
R R B E R A ARSI R R R T
YRR AR E . S R PR S A Y, B R
FA AT %, b i B 98 7 OR M R R A M A AR s B
Ak 2528k 32 S 0 e BN 2 1) 78 J57 T4 R A S BF et
H A7 18] 78 5 40 M A AR 7R I PR 32 i J8 30 3R, [A) 78 o 40
MiFeHE 5 24 h Py, 90% DL b F ik AE SR s T2, P
om0 T T A R R P R, BT Ry iR v )
T80T T4 MRS R R ) 2 R SRR . AR TIAR B H TN A %
A B RTAEIG IR 18 F B AL BE SR M . IR AL FE I 5 T
(78R4 55 o AE R, 5 35 0 i [A) 78 o T 40 B (i gk 40 41
105 3B 7 A I A B T RN R AE S R P, R i Y
TS E B A, AT Y SRS A R VR T ORI TR
Aab AR 70 0T 40 A WA B R T AR T PLg M s
IR < R 1 B0, LR R AR B S A AL
SRR 1) 5] 78 J53 1200 A A R 9 A R () S ) 349 2 ok 1) 78 S 14
MBS E . PR T AR . 550 Wb Th g~ £ & AR,
(A1, A S8 ARG SR X TR 78 5 T4 AR FH Bl o 20 7P A i il 512 365 2%
o 1520 I8 IS TSRS LA R A 5% SCHR 255 B 2 UA AR 73 3L
1%, 3%, 5%, 10% %SONMRA TR, AR5 % 21%
SONHEEX BB, KITALTE 48 he AN [FIAF 4 BUE A T Ab
HOCGERER 7 R TS LR 2R, X 5584 fT T
Fi 3% IS T AL BN 2 85 R) 78 - 40 B A 5% - 40 B A= K T
DWW SHAMMIEARE . BIEHF oA+
YIRS 1 AR — S A I AR T AL 2 5 R 2R R
&[] 78 53 T 20 M ) i BTG A Be 1, /R — B A
960
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Bl A AN, W] WA 2 RIMIE: B AZE LA, AT WA
M EARA . GIEERE; C N 2 R4IAR, AT L4NHN 2 KARE
1| FHEEMETUEAFRE TR TFMIERS (#rR =200 um) 19% LT HEAL 3% IR ELAL 5% IR AL
Figure 1 | Morphology of human amniotic mesenchymal stem cells 1% (S TR AL
observed under an inverted microscope (scale bars = 200 um) 3% IR LAk TR AL
0 5% %A Ak 2220,
010% IR A AL F AL
T R IR AL
_ 10
&
38
R 6 a
E 4 abc ap
F
102
=
10% A kb B4 U 0

B vE: 9 XK ) cD44, CD90. CD73. CD105 47t J5 4 BH 1t % i, 1fi

CD45/19/34/11b/HLA-DR-PE 47 J§i 5 {1tk Fe ik

2 | AXRERRTHEEEAS FREULE

Figure 2 | Molecular phenotypic identification of human amniotic
mesenchymal stem cells

Bl B A-D 43708 1%, 3%, 5%, 10% IR TlAL B 2H; E Dy 800 REZH (44
% 21% &K)

3 | TEMFHSBESTLIESE 3 R AFREFTHRTHA 48 h 19
ASEHFE (FRR =200 pm)

Figure 3 | Morphological characteristics of passage 3 human amniotic
mesenchymal stem cells pretreated with different hypoxia concentrations
for 48 hours (scale bars = 200 pm)

a
a d bc
ac | ac
£ ac L ac
be e be
i M L
Tl (RIS
1d 3d 5d 7d

Bl Hdli DA xes R, n=5. 5SS IRZL (A5 3 21% A0 ) FEL,
°P<0.01, °P<0.05: 5 1% (WAL EELL L, P<0.01, P<0.05; 5 3%
RS TR B4 L, °P < 0.01, 'P < 0.05; 15 5% (R4 T4 3141 L%, °P < 0.01
E 4 | FEMARSBESTIEAFIRE R T MR EEER

Figure 4 | Proliferation histogram of human amniotic mesenchymal stem
cells pretreated with different hypoxia concentrations

I 19 IS AL B AL
0 3% IR AL 4L
0 5% (KA AL FR AL
0 10% R AU THAL #EZH
= G

S 4H (450 nm)
P A R S

2322 L2710 b 4571142023, 5
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Figure 5 | Effects of different hypoxia concentrations on apoptosis of
human amniotic mesenchymal stem cells
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Figure 6 | Expression of apoptosis-related genes of human amniotic
mesenchymal stem cells pretreated with different hypoxia concentrations
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immunosorbent assay
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