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Abstract

BACKGROUND: Long non-coding RNA (LncRNA) plays an important role in nervous system development and neurological diseases. Previous studies by the
research team have demonstrated that human umbilical cord mesenchymal stem cells overexpressing erythropoietin (EPO-MSCs) under ischemic and hypoxic
conditions have better neuroprotective functions and significantly activate the expression of LncRNA XIST. Research suggests that XIST is related to the
pathogenesis of hypoxic-ischemic encephalopathy, but the role and mechanism of its regulation by EPO-MSCs in protecting ischemic-hypoxic neurons remain

unclear.

OBIJECTIVE: To explore the new mechanism by which LncRNA XIST, in response to EPO-MSC signaling, affects the apoptosis of ischemic-hypoxic SH-SY5Y cells.
METHODS: (1) SH-SY5Y cell lines with knockdown of LncRNA XIST (sh-XIST) and negative control (NC-XIST) were constructed through lentiviral transfection.
Oxygen-glucose deprivation was used to induce ischemic-hypoxic injury in the cells. Transwell chambers were used to create a non-contact co-culture system
with EPO-MSCs, sh-XIST, and NC-XIST ischemic-hypoxic SH-SY5Y cells. Cell proliferation ability was detected using the CCK-8 assay. Cell migration ability

was assessed using the scratch assay, and cell apoptosis was measured by flow cytometry. (2) RNA-seq bioinformatics analysis was performed to screen for
differentially expressed genes and pathways between sh-XIST and NC-XIST cell lines. Dual-luciferase experiments were used to verify the relationship between
miR-124-3p and the target genes XIST and GRIN1. gRT-PCR was conducted to validate the expression levels of downstream miR-124-3p and GRIN1 genes. (3)
miR-124-3p inhibitors and mimics were added to verify phenotypic changes in SH-SY5Y cells after ischemic-hypoxic injury and co-culture with EPO-MSCs.
RESULTS AND CONCLUSION: (1) Compared with the NC-XIST group, SH-SY5Y cells in the sh-XIST group showed reduced proliferation and migration abilities
and increased apoptosis after ischemic-hypoxic injury and co-culture with EPO-MSCs. (2) Dual-luciferase experiments showed that miR-124-3p interacted with
the target gene XIST. SH-SY5Y cells transfected with miR-124-3p mimics and co-cultured with EPO-MSCs showed decreased apoptosis after ischemic-hypoxic
injury, while SH-SY5Y cells transfected with miR-124-3p inhibitors showed increased apoptosis after co-culture with EPO-MSCs. (3) Transcriptomic sequencing
and bioinformatics analysis of sh-XIST revealed significant downregulation of the neuroactive ligand-receptor pathway and the key receptor gene GRIN1 for
central nervous system development. (4) Dual-luciferase experiments showed that miR-124-3p interacted with GRIN1. GRIN1 expression was significantly
downregulated in the sh-XIST group after ischemic-hypoxic injury compared with the NC-XIST group. These findings indicate that LncRNA XIST promotes
GRIN1 expression by upregulating miR-124-3p, thereby reducing cell apoptosis after ischemic-hypoxic injury and co-culture with EPO-MSCs and enhancing

proliferation and migration. sh-XIST can block this protective function.

Key words: hypoxic-ischemic encephalopathy; erythropoietin; umbilical cord mesenchymal stem cell; long non-coding RNA; gene modification; XIST; miR-124-

3p; GRIN1; engineered stem cells
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0 5|= Introduction

R I R S T 2 2 el A R S R A R G
BRI BRE TS H R R BRI IR OB ERAE AR T
2 W R, B B EE R S A T T E
SHLHEDR AT P EREE AT BARREE IR R, H
AR EMNSLE . SORE RS, a3k — 5 I e ik 2 2R 1) 4
B3 B H R b3 ER PR G IR T SR 22 At o i ok A M
IR IR (E7 2504 PR s (R 20 4 B 2E B 2 (erythropoietin,
EPO) o} ff Ifi R A2 12k oo A 2 TG PR T4 — e G A =9,
{E E T EPO 3 w3 5 if o % i 7, A 96 7 dol ot Sk S
A 75 P S R A2 B BR ) ™ RSk, W A R R B R A
ok 9k EPO W 5T 8] 78 )5 T-4H ifd. (erythropoietin-umbilical
cord mesenchymal stem cells, EPO-MSCs) 7 2§ 3 i Iffl B 4
M 75 e 20 S T T LA R R B

K45 4E 2w 5 RNA(long non-coding RNA, LncRNA) & —
AP R 200 ML FFRR AR SR D RNA™Y. LncRNA 15 7
LG RGTI YIRS P, Hop XIST fE M4 R G5
B B, LA U R I XIST Lk i e S
PES A2 e, T WANG 45 U R IR I XIST 2 i 5 5k
IR AP R S 47, HL 2 XIST 7 il I s S P i g v
E AL G Ry e — D 1 B

TR A ZH A Y R) H d afi k 4R SH-SYSY 4 A A% Ak 3

EPO-MSCs & HiL tH B 47y d 22 A 3 4 FH B0, e s Ll 5
5 R R, LncRNA XIST Rik/K-F 2 R RZE, T Ek
WP a5 5L, A 9T 1 2 B A XIST 7E S 1M i % SH-SY5Y 4]
Jitgrh Jz Ho 5 EPO-MSCs L35 77 J5 IR FH AL, R i i) i
i { XIST [¥] SH-SYSY 4 f i 7Y, 3k — 0 B ff 75 il 1 S5k 4
45 48R, XIST iy i, EPO-MSCs 15 5 7£ SH-SYSY 48 Jf i
AR AL, 1% A EPO-MSCs [ FH T i I Bl 42 14 v
TR T SR AR A B8 SR

1 #EF1/53E Materials and methods

0 i O S

1.2 B RS SZEGT 2022 4E 9 H & 2024 4E 5 HAER
R 27 B i 4 M 15 5t T 40 PR T A TR A L T S 1 s
=T,

1.3 A

1.3.1 FZE DMEM apiss et (Hi 48 ): fad- i
H(HETE ) HER - BESRIEW () 0.25% ik
A My —EDTA 5 16 W1 (3R 3 5 )s D-Hank's ¥ Wi ( % 3K
F ) TREFPHAAW (W IESE): OPTI-MEM K: 37 5: ( FEER
& ); Lipo2000 % 4L ( F8BR K ): MEMSEEE (Bio-Rad);
PureLink™ RNA Mini Kit( 228K ); 5957 & /RevertAid
First Strand cDNA Synthes( ZE 2k K ); i FH % w0 R gk B
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RV E B PCR K P77 & ( W PESE ): Trizol(Invitrogen):
Annexin V-APC/PI XY %% €8 v 40 it o T A ik 551 & (B
4 ¥ ); miR-124-3p inhibitor. miR-124-3p inhibitor NC.
miR-124-3p mimic. miR-124-3p mimic NC, XIST-WT, XIST-MT,
GRIN1-WT. GRIN1-MT(GenePharma, 1 [E I i ); Dual
Luciferase Reporter Gene Assay Kit(Yeasen Biotechnology);
LncRNA XIST R % 12 953 B 1 2% 44 X . (GenePharma,
L),

1.3.2 SCER4HME SH-SYSY 4ifily B eGP v F8 4 B A
PR w]; EPO-MSCs 1 NC-MSCs J2& 1t iod 18 75 75 5% G4 4R,
43 il i 205 EPO JoT R RN 23 48 5 Rz 1R N B T [R) 8 Jo T 4
A O I FEIRAR T K B S v B A S
R, i SC5 8 202171,

1.4 Z¥F ik

141 BT I 2 55 5 ¥ SH-SYSY ZH 7N
IEH 4 B A FEREVELH . NC-MSCs 4H.. EPO-MSCs 4,
J& 3 ZH SH-SYSY 4 fifd 7£ =< 3% 77 48 h 4% M AR A 4y 45 94%
N,. 5% CO,. 1% O, FIJCHE G IfLi5 55 77 3 1 2% A T ik I sk
AIEFE 24 h, ARG M AR £ 10% R4 i 1% XU
PUH = B DMEM R 725, FREREFL B 7 1) Tranwell /N ZE
Fi N 1x10° > NC-MSCs &Y EPO-MSCs JL3%3% 48 h, fdiF]
Trizol FEHLA LA H 2 RNA,  7E T UKIRAT 55 N ik 22 i 2k
Bl A a AT Fe s )7 . BeJm, A3 Deseq2 A4 #r %
2H 4 B 1A] ) 22 S Ak R I

1.4.2 MRy AR B BT IR gL S 5L (MOI)=20
(2% A1 T Gk SH-SYSY ZHfi, 8% 75 I8 B i th 7 B AL ]
AT RO, BAREENR 1. Y5 48 h,
OPTI-MEM 4 i 5% 7% 4L 55 48 5 DMEM bR 23, 4 20 mL
R R AL NN 10 pL Jit &= VR 20N 0.1 mg/mL 1) ME A 55 25k
i 396 B Ty 7 s B A0 B, B 2438 X 3 AL AS [R] ) 4 L vk
7 4 of B2 (NC-XIST 25 ) A B 2 Foft g IS XIST ) 5 56 46
(shXIST-sh1 £ Fil shXIST-sh2 £H ). 1 I g 20 40 g A3 A 5% o'
SARCBEHEAT RN, 38 U R LRt v ELARE AR XIST
1) shXIST-sh1 414 J5 225256 sh-XIST 4H..

F=1 | BREHAEFT

Table 1 | Target sequences of lentiviral vectors

IR Ll

NC-XIST 5'-GTT CTC CGA ACG TGT CAC GT-3'

shXIST-sh1 5-CTT GAC ACG TCC TCC ATA TTT-3'
shXIST-sh2 5-GCC TCG GAT ACC TGC TTT AAT-3’

1.4.3 FAI% LncRNA XIST () SH-SY5Y 2 i ifr e 42 P38 v It
5 EPO-MSCs 3L 32 32 ¥4 sh-XIST 41 Al NC-XIST 41 SH-SY5Y
05 ) AR AL 8x10° BRI 6 FLAR T, E T4l
MR F2 A R RS 7% 24 ho M 441 i Rl & 5 120058 2] 60% LA
LR, EONTERETC M KR, BT AR (R

7754 | PEHLTIEHR | 8529% | 3651 | 2025F128

T3 % 94% N,. 5% CO,. 1% O,) Bk ML G435 % 24 h, 4R
Jo E A B AR E 10% G AR I . 1% BT ik DMEM
B s, JEAERAL B ) Tranwell /8= i A 1x10° A
EPO-MSCs, JLI%FE 48 h JG Ut R 4if, AT NP5,
1.4.4 CCK-8 #& M 3L 1% 3% 5 sh-XIST 41 F1 NC-XIST 41
SH-SYSY Zffiwyl b ifit4uUs, LAkl 5 000 AN 2Hfidefh T 96
UM, R4 5 MEAL, 250, 1, 3, 5 K, RERENFEIH
FEFRAE, DT B 2 AR FR 73 $ 10% IR 4RI 1% XL
ZH% DMEM %95 3% 100 pL 11 10 pL CCK-8 ¥k, B T-3:3%
FAPNRETE 2 h, BEARGIE 5 FLAE 450 nm JERAE 1R BB
1.4.5 TR sz JL B 3% )5 sh-XIST 41 Fil NC-XIST 4 SH-
SYSY A kIR it EUS, ALK & 6x10° LY, £ 6
FUAR P AL 2 mL ZHM0E, TN ARG FR A8 55 57,
FHAN M E 3 ANE L. MR ILIRE, HEEG
LA EH T KA IC & RIR, H D-Hank's {E ¥t 13, AL
WHCATMIER TR AL, dRLAEREFRAE 5 TR, A AIfE0h
A1 24 h F BB 6 FLIRIE 7, F Image J B &=L K
IR G BT AL .

1.4.6 ZHROFETRI WA 5x108 NI FRFE ) sh-XIST 20
AT NC-XIST £H SH-SYSY 4Hffl, BT 1.5 mL B.OEH, Bk
FH PBS X4 J b AT Pk, LA FRam M ss 35 2 b ) Bk B A
Jio fEBRSISFRA WG, TR OEAE L LB FIEW,
RN ZENE . Bl )5, K4l EE 5 T 1xAnnexin V Binding
Buffer 1, NG 2ER R b RIMIFHESR . B, MAE
TR N APC Annexin Fl PI 4L (i3, fE =R LI E
15 min, DAUfRIL 785 HI55) . Qa5 mi)a, A E
RV, IR MR R A 1x10° LY, RS B2 B IR HE R
o A Sa, 18I FAE BSOS 8 A R 3R TR A 3 AT A
53T, AT PPl 48 R P AR AR IR LR R TR

147 POGER MR A R S ROIRATEE 1) 293T 4
Hi LR L 5x10° A% B 2 F T 24 FLIR Y, MK &
60%-70% it & B, 43 5 A XIST-WT. XIST-MT. GRIN1-WT
1 GRIN1-MT = 4H #k f& BL J& NC-mimics £ miR-124-3p-
mimics BHATIE G, gL a8 h 5, 1E 24 fLEBCREESLHON
N3 200 pL, YK EWFE 5 min, Fu5- R0,
FEATFH XU S 3R T 2 2 DR A e 791 0 00 o 4 R ) 7 '
RS

1.4.8 miR-124-3p mimics/inhibitors % 4L 5208 ¥4 SH-SY5Y
2 i1 43 4 NC-SY5Y 2H.. miR-124-3p mimics 2H. miR-124-3p
inhibitors 20, 4540 3 NE AL, LLEESL 3x10* 25 EERE RN 3|
24 fLIH, MBS 3RS 60%-70% fil & LR, B4t 500 plL
T IMyE £ 774 Opti-MEM, miR-124-3p mimics 41, miR-124-3p
inhibitors 41 43 % il A\ 15 pmol miR-124-3p mimics. 3 plL
Lipo2000 #% 4t 35 7 LA Az 15 pmol miR-124-3p inhibitors.
3 WL Lipo2000 % 4Li7] . He L 4k 2% IR 4l 48 h, idk
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Y HIFE A AT qRT-PCR AN DA K& Sk I s 4 PRV i 4
25256

1.49 Wyt E & F S W BE )< M (quantitative polymerase
chain reaction, qRT-PCR) fifi FH Trizol iR 7] & H{ NC-XIST+
EPO-MSCs #]. sh-XIST+EPO-MSCs 41. NC-SY5Y 4.
miR-124-3p mimics+SY5Y ZH. miR-124-3p inhibitor+SY5Y
ZHZHAAL RNA, Hodt NC-XIST+EPO-MSCs 41, sh-XIST+EPO-MSCs
24 43 77 BA LncRNA Ll Jz2 mRNA 4 15 4% )2 % 5% 9 cDNA,
NC-SY5Y #H. miR-124-3p mimics+SY5Y #H. miR-124-3p
inhibitor+SY5Y 2H DL miRNA SN 4R 0 B 5 & % 5 & &
cDNA, qgRT-PCR # il 21 g ¥ LncRNA. mRNA DL £ miRNA
FIR LK. MNAEFRN: 8.2 uL Nuclease-Free Water,
1 UL cDNA, 0.4 pL k% 51 %1, 0.4 uL F %7 5] %, 10 pL
2xSYBR Green PCR Master Mix, 1 puL QN ROX Reference
Dye, M RMAZRN 20 uL. FI¥YIH FERIA R G, B
WEIIFP TR 20 LS. B edAT AR AL HE, R
FEBLE N 95 'C, FFEERF AN 30s; $EAETE 95 C NghATAL
P, BFEIN 10's, SRJEHEAT 60 CIBEA B K 5 aEfH, B
[ 530 s, ML FESLHEAT T 40 NMEFR. 4 RETHNZSH
FILBATIRAEAL, FF R 27 J7 V51T 5 LncRNA, mRNA
LAz miRNA [P R IA & .

# 2 | oRT-PCR 95|40/F5
Table 2 | Primer sequences for qRT-PCR

S Gl

XIST Forward: 5’-AAT GGA ACG GGC TGA GTT TTA G-3’
Reverse: 5’-TCA TCC CTT GCT TCA TAG-3’

B-actin Forward: 5’-CAC GAT GGA GGG GCC GGA CTC ATC-3’
Reverse: 5’-TAA AGA CCT CTA TGC CAA CAC AGT-3’

miR-124-3p Forward: 5’-TAA GGC ACG CGG TGA ATG C-3’

ue Forward: 5’-CTC GCT TCG GCA GCA CA-3’
Reverse: 5’-AAC GCT TCA CGA ATT TGC GT-3’

GRIN1 Forward: 5-GGA CGA TGC TGC CAC TGT ATA C-3’

Reverse: 5-GGT CGG TGA TGT TCT CCT TCT C-3’

1.5 FE2AREAF  OFE R &4 REE AL B 24 h JF
5 EPO-MSCs Jt 5 3% 48 h ji5, SH-SYSY 4 Jifd #% 5 41 I /¢
306 th 22 S AR (W BE DR s 7 SR ML R S P REVE AR FE 24 h
Jf 5 EPO-MSCs 3t 1% 3% 48 h J5, sh-XIST 41 5 NC-XIST 41
SH-SYSY ZHAR AT B9FE . LRI @R E Rk
SEESESAIE LncRNA XIST. miR-124-3p. mRNA GRIN1 =3 T
fE% %&; @ SH-SYSY %% 4t miR-124-3p-mimics. miR-124-3p
inhibitors J&5 Hit ML H4 P ETE AL EE 24 h (94 MR T 45 000
1.6 %itZF oA SEH SPSS 21.0 Giitifl, 1S xt i
AT IEAS AL, XNTRFEIESSMNEYE, KA xts &
N PZHAHE 2 1A] K 22 S A AL A ¢ R 2 M3
Z B () 2 A BB RI R T7 200 M BE S v i 3 1t K
9P <0.05. SCHFTAE )G vh 5 05 2 TR TS 4 0 K 2 b
JEFBM AL BE A S L KB H A ST

2 258 Results

2.1 B e B A F E iE SH-SYSY 28 i 5 EPO-MSCs 3%,
NC-MSCs £ 32 75 5 M 5 947 45 R 5 NC-MSCs 41 AH T,
EPO-MSCs ZH H1 B T 405 > % e Rk He [ . HpHE& 7EaT
5 [FEEE A, XIST /BN ME—#) LncRNA HEFE S 4 fo7 (SPTBN1,
MED13L, ZNF618., XIST. TET3), /i [E] 1A. gRT-PCR 4 %
&7~ SH-SYSY 4 Jifd ok IfiL Gk 48 P #E VE I EPO-MSCs JL3%5 5% J5
LncRNA XIST 14 i (P<0.001), U.[E 1B.

2.2 B LmANF ik LncRNA XIST TPM A& VA BUA X, 4a it
ENE )L ) N B 90 T S A R K7 2 W R A
NC-MSCs 41. EPO-MSCs 41 SH-SYSY 1l iy i 47 i 3% 41l /5%
RIN, AE SH-SYSY 2 i ok Ifi Sk S PR #EVE 5, XIST 1) TPM
53 B (P <0.001), L% "™ [ 58t E 523X — £
55 NC-MSCs 1% 5% 48 h &, XIST i TPM {5 B & R i (P <
0.001); |55 EPO-MSCs $L3%3% 48 h J5, XIST [¥] TPM 1B AH
bt NC-MSCs 41 | (P < 0.001), UL 2A. i =40 fa {0 ks
Mk FEIR, 5 NC-MSCs 41AH Lk, EPO-MSCs ZH % il ifn f5ft
AT HEE AL FR Y] SH-SYSY 4 7 T 4 /E R B3
JLE 2B, C. 5 L% " R —B, XIST 23K 7F Bl i
A SH-SYSY 4 i 1T A rp ke 21 1 BRI AR

2.3 LncRNA XIST i i $215) 25 & miR-124-3p #f) 2 EPO-MSCs
A AR 3P e Sk B SH-SY5Y 4m i

2.3.1  XIST @{fik SH-SYSY 2 Mo fa  J H R AIGUE 1l i ik
A A e GeORHEAT T o0 b, 85 R R e AR R
5, NC-XIST 2H. sh-XIST 2H %) 99.98% F1 99.82% 114 iy &
e ERCE A M. W RME PUEER, BiE
M4 RGN i, WLE 3A, B. LRl 5 1) SH-SY5Y
UM A AR H I A, W& 3C. gRT-PCR 5L R,
NC-XIST 41 H XIST Ji& [K] 1) % ik Wi 3 1=y T shXIST-sh1 41 Fll
shXIST-sh2 41 (P < 0.001), UW.[& 3D. #EHXIH AdE Jesiikix
i RS E 1) shXIST-sh1 2H K sh-XIST 41, #% sh-XIST 4H.,
NC-XIST 4141 ik 1f B 45, 24 h Ji5 55 EPO-MSCs JL15 9% 48 h.,
CCK-8 H: I 45 5L i 7 sh-XIST 2H SH-SY5Y 4 il 5 NC-XIST 4H.
WEBE NS (P <0.001), UL 3E; i =4t M ok il 25 S B o
sh-XIST £H % NC-XIST H SH-SYS5Y 4 it & =38 i1 (P < 0.001),
DL 3F; 4 i 3T A% 25 S 2 R sh-XIST 41 SH-SYSY 41 i #%
NC-XIST ZHiL#% 3> (P <0.005), U.[E 3G, H.

2.3.2 WHE R MR A 2K U6 IE miR-124-3p 5 XIST E.{F
LncRNA 38 5 A AR BF miRNA, 53111 52 1) Ji DR (Y 22 328 7K P
AR E A g FE A E R A . MRS . TR AR
RBEHEZNEY IR RIEEEEER, FIA TR
XIST W ¥ MLk, 3@ 3 Starbase % 4 22 15 Il miR-124-3p
5 IncRNA XIST fA7E FLAMNT 5], U1E 4A. 15250 L e
TR AR (WT AL ) AIZRARAY (MT AL )XIST RO 3
Pl 5 FE R BTRE, PPl miR-124-3p 4470 293T 4H it b
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ot BRI PRI R . S50 WL %2 B miR-124-3p {2 [RAIK
T OXIST-WT 4 (1) 58 6 s 14, X — 45 55K B miR-124-3p
X XIST [ i 42 AT R FL A v JE A 7 PR, SR, miR-124-3p
HEFUPIASFEIA XIST-MT AL Z ST, ULE 4B.

2.3.3 IGHE miR-124-3p FRIA DL K miR-124-3p AL AN 4151
VL Gt R NG R T L SH-SYSY 41 f Bl fi 4R 24 h
3t 5 EPO-MSCs L3235 48 h J5, qRT-PCR &l & 7% sh-XIST
ZH 3 NC-XIST 41 miR-124-3p RIA il (P<0.05), L& 4C;
miR-124-3p FALLY)FI 1) 71 %% G4 SH-SYSY 4Hiff, 'i.[Z] 4D,
Tl IfiL Bk 45 24 h I 5 EPO-MSCs 3L 1% 3% 48 h J5, i R 4l
JELASCRSE WU 4275 miR-124-3p ABE4DLAY) 8 25 4 i A L R T, T
miR-124-3p # IR TS 1 1%4FEH (P<0.001), UL[E 4E, F.
2.4 miR-124-3p i it ¥e.b) GRINL £k 4Pk fudk £, SH-SYSY Zmjie
2.4.1 sh-XIST 41 5 NC-XIST 41 SH-SY5Y 41 Jfd ik ifi 5k 42 -
L5 EPO-MSCs 3L 55 77 4b B 5 W) /57 45 R ¥4 sh-XIST 24 5
NC-XIST 21 SH-SYSY 4 fitd ik ifil i 42 Jf- 5 EPO-MSCs 4L 1% 7%
JEMF, @i KEGG, GO 4p 445 21 1 P 28 % 1t A —
AR PR RS B R SE R GRING, L[]
5A-D.

2.4.2 UG & BER 15 S2 56 56 4F miR-124-3p 5 GRIN1 H.
£ 38 1t Starbase % 3 FE 15, miR-124-3p 5 GRIN1 f%
TEHANTH. 2RI g 7 A B AR R (WT B ) FIRAR
AL (MT Y )GRINT (1005 0 2% Mg e o B DA sk, DAEIR N
PRI miR-124-3p %f GRINL K [K ik i i EH . 2R 5 %F
293T A M AT SR, A miR-124-3p BLHL 0TI 7 Fh 2
IR 5 S RIS PE 2. s 45 R, miR-124-3p fE
% I 2 BRI GRINL-WT H )5 B iE 1, X —INR KW
miR-124-3p 5 GRIN1 [ B A= B4 47 70 15 5= P 19 AH ELAE s
I MiR-124-3p X} GRIN1-MT 5 (1) %¢ )it 2 i it 1 T 2 % 5%
i, L[ 5E.

2.4.3 gRT-PCR KGIE GRIN1 FRIAEE ¥ sh-XIST 205 NC-XIST
ZH SYSY ZH B 1L B4R 24 h I 5 EPO-MSCs JL85 3% 48 h Ji,
qRT-PCR il 3 GRINL Fik &, sh-XIST 2 GRIN1 FKiA & i
ZILTF NC-XIST 4 (P <0.001), J.[&| 5F.

3 i77if Discussion

TR B, e it g S A s 1 s B A AL 0 SR
A RE . 2R RAR T BE RS A B T T R ARk, R
Pl EPO W] LA T A o7 B o S M Y, (E A ot i R
B fRBR A, T sz B B, pl T A 7 5 T4 e T L
L BB, DR, RS AT A Tk Rk EPO 1
EPO-MSCs™",

FH T SH-SYSY 41 Jfd 1) A= 2 Ih RE AR SR E 5 #0248 T
S0 Ff AEABL B2, L HF 9T SR ) SH-SYSY 2 it 7E i ifi 55 4, 24 h
Jei VR S ot Sl S S 1 A M R L, R B AR
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SH-SY5Y ] Jifg 77 ik LB 45, 24 h J5 5 EPO-MSCs $L£3% 3% 48 h,
AT B, R AL AR 4 O

BCATE FUX SR LR 4R 24 b J5 1) SH-SYSY 4H. NC-MSCs 4H
FI EPO-MSCs AT T S 207 A, R Lk i ik 455
SH-SYSY 4/ LncRNA XIST .35 3, T8 b, ik
S5 NC-MSCs FL8% 7% 5 LncRNA XIST & R, JHT-IR
/by 1 5 EPO-MSCs L 1% 3% J5 LncRNA XIST #f L NC-MSCs
M, T BEb, X g8 LncRNA XIST ] i 5
EPO-MSCs {5 5 JFiud Ht M T-/EH

LncRNA XIST J2& HH iR 55 0 AL A0 X etk b Jk Al =
A, R X ORI AR T e d I R T Y. XIST i i %
TR =28 T, b WEEMm 20, 52 ME
WRIEURE A L " AR, XIST EAZ 9 7 T
BT MU AR RS R 03 45 LR R 4 0 R 1 R
(4 A % it XIST JE i i34 miR-32-5p/Notch-1 4l
PR A B A, AT E 12 e e P B 4 0 5 2 2 P U
WRZABKE 7 T XIST B R R AT LAJBRk 252 b ok i, -8 3 953457,
Yok 2 U T RS PR A A T L A% B R B XIST A
PLIE T miR-25-3p/TRAF3 il i il i ke ifiL - E v E Bl . 1X 3R
AF XIST £ ff 1L 5 S P BE Y 32 % Hh RO/ FH T e 2 22 DR 3R )
B TR AR 1, B 3L S [R) AL 24T U855 0 ¥ kA,
XIST J8 i #7 [7] miR-15b-5p V4% 40 fu i T A | Wk, =51
SRR IR MU P G R TR E AR XIST
SH-SYSY 4 ifd . 4 sh-XIST 4L A1 NC-XIST ZHL 4 ifg i Ifr 542 24 h
Jf EPO-MSCs 3L4%5% 48 h J5, sh-XIST ZH# NC-XIST ZH4H ffu
JHTH N, WEEALE R RE ) TR

LncRNA ¥ #E il it 5 microRNAs AH HAEFH, M{T it
B P T T 3 IR 0 A B I e o R S I
WE T XIST 5 miR-124-3p [ 4H B /E A . miR-124-3p F: EL4E
R sk B2, BRI, miR-124-3p J@ i 4] STAT3
Y525 o e L PV VR A D P 2 G IR T R e AR
AP AL, miR-124-3p I JE i M S A SCHE IR (R AA,
IR AL RE, TR 2 T B2 FEM 2B AT MR
miR-124-3p W] G I 1 5 0 A G2k IR F ik AR R 1
)Eﬁ [34-35]O

MicroRNAs i it 45 & 21| H Fr mRNA (1] 3" JEHH BE X ok
WL 2RIk, BH S mRNA [ [ AR ol B 12 40 ) B,
S B LR 4 AL S SH-SYSY 4H il 55 EPO-MSCs L% 3%
2 JE AT SN UL K KEGG B AR HT G, KRIELE
Bo A sz il s HE 44 58—, Hor GRIND ERHER SE w7, W
POt R MR SLI0 $2 R GRINT 5 miR-124-3p #H H.AE .
GRIN1 J& [K] % i N- H 2k —D- R & Z 2 (NMDA) 2 {4 1]
NRL W B 07, 2 35 0 45 U R 52 4 1) B B 2 s o 7
NMDA SZARTE AR 2 R G A BT/ T e Ay PR R A % 146
B LAV 5 2 e A5 5 AR 3 A 9 fod m] 3B 4 B2 R e R
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A ) . . . B 1.5 =
Gene_id Gene_name  Expression_ T  Expression_C log2FC(T/C) Adjusted P Regulate iz a B OGD/R+NC-MSCs 41
2 E10GD/R+EPO-MSCs 41
ENSG00000115306 SPTBNI1 13432.66667 6578.333333 1.035237465 0 Up g
1.0 4 ==
ENSG00000123066 MEDI13L 6090.666667 2711 1.13992142 2.91 X102 Up
ENSG00000157657 ZNF618 6358.333334 3097.666667 1.0225571302  3.41X 102! Up Wf
Y 0.5+
ENSG00000229807 XIST 1456 338.6666667 2.236741826 1.36X102% Up :
=
ENSG00000187605 TET3 5261.666667 2394.333333 1.14577116 2.73X10202 Up E —-
- O =

BlvE: 8 A9 RNA-seq FiARIHT 5 44 FIHEF 512 B 4L SH-SYSY 4l HH 1) LncRNA XIST A 7KF (P < 0.001), OGD/R: i IfiL f % Fi-#Ei4:: EPO-
MSCs: i T2 21 40 M A il 3% RO 71 ) 78 T T4 s NC-MISCs: 1 b o ot Py i ) 7 o2 T4t

1 | BRINEREFEEE SH-SYSY 4RAS EPO-MSCs 311255 /5 LncRNA XIST ik _Eiff

Figure 1 | Umbilical cord mesenchymal stem cells overexpressing erythropoietin (EPO-MSCs) upregulate the expression of LncRNA XIST after co-culture

with oxygen-glucose deprivation/reoxygenation SH-SY5Y cells
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Figure 2 | LncRNA XIST TPM value and apoptosis flow cytometry analysis of SH-SY5Y cells in each group after RNA-seq
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Figure 3 | LncRNA XIST knocked down the apoptosis, migration and proliferation ability of SH-SY5Y cells after ischemia and hypoxia and co-cultured with
umbilical cord mesenchymal stem cells overexpressing erythropoietin (EPO-MSCs)
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LncRNA XIST 5’-CTCTCCTCCCCTGCGTGCCTCA-3’
miR-124-3p 3" AACCGUAAGGCGCGCACGGAAU 5’

UL

miR-124-3p 3’ AACCGUAAGGCGCGCACGGAAU 5’
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Figure 4 | Dual luciferase reporter assay verifies the interaction between LncRNA
0 XIST and miR-124-3p and the effect of miR-124-3p on apoptosis of SH-SY5Y cells
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