1420 B 475 s K224, 2025,47(13) http : //aammt. tmmu. edu. cn

DOI: 10. 16016/j. 2097-0927. 202503064

NS 5 %66 A 18] 78 5 T 40 AR 3 8 GP X4 I ) % 58 1280 42 B 5 i B 8 S 43 4

EkE  HEW S R EER S RLE B R RN E B R O E R M R 2
SR, MR O

(HEE ] HIY 575 25 R 72 i+ 40 B (olfactory mucosa mesenchymal stem cells, OM-MSCs )
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F N AR OGD/R 4 . OGD/R+OM-MSCs 4 . OGD/R+sh-NC 41 . OGD/R+sh-GPX4 £ . OGD/R+
sh-GPX4+OM-MSCs 2 . Xt HT22 4l i 1T OGD/R Zb B, 25 T OM-MSCs F: 15 57 Fl/sk GPX4 i IR AL B
SR U AR AR HT22 41 B P/ T, CCK-8 YA Kl HT22 4 M 7 , 137 S i HT22 41 i rh 2R A6 T~ A1
KAEFR MDA \ROS .GSH . Fe™ , qPCR & Western blot K il] GPX4 F3k . &59E ARS8 BH 543 25 15 5% 1 i
AR 40 M 22 1 CD34 }2 CD45 £ [, CD73.CD90.CD105 . CD 146 £ FH4E , 40 M i B AF 1 I S R, 40 i 35
T bR ) M 252455 A OM-MSCs $5-4iF o 76 HT22 413 5 17 , X B8 2H . OGD/R 4 . OGD/R+OM-MSCs ZH ¢
YIS 3 MDA \ROS .GSH \Fe™ .GPX4 J5 T B A Gt 11225 57 (P<0. 05) ; OGD/R 45 %F BAZHAH LE, 4H 375
711 GSH P4 (P<0. 05) , MDA \ROS . Fe’* 7} 5 (P<0. 05) , GPX4 T i (P<0. 05) ; OGD/R+OM-MSCs 2 5
OGD/R #HAH H (P<0. 05) , 41 i 1% 77 F1 GSH F+ 75 (P<0. 05) , MDA \ROS . Fe™ F& 1% (P<0. 05) , GPX4 | .
OGD/R+sh-GPX4 £ 5 OGD/R-sh-NC Z0 4 L., 41 i 7 77 Al GSH [ (P<0. 05) , MDA \ROS . Fe* 5 (P<
0.05) , 7HfEREA GPX4 T (P<0.05),0M-MSCs A 3% LA B4 fb ., 5%  OM-MSCs i@t [ i# GPX4 78
HT22 41 g i A9 23530 ] OGD/R 55 1Y HT22 41 U4k BT .
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Olfactory mucosal mesenchymal stem cells inhibit ferroptosis and attenuate

cerebral ischemia-reperfusion injury by up-regulating GPX4
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[Abstract] Objective To investigate whether olfactory mucosa mesenchymal stem cells (OM-MSCs)
attenuate oxygen glucose deprivation and recovery (OGD/R) -induced ferroptosis in neurons through

glutathione oxidase 4 (GPX4). Methods The middle nasal tissue were collected from a patient with nasal
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polyps admitted in our hospital, and then OM-MSCs were isolated from the tissue, which were confirmed by
morphological observation under light microscopy and phenotypic characterization through flow cytometry for
surface markers, including CD34, CD45, CD73, CD90, CD105, and CD146. Mouse hippocampal neuronal cell
line HT22 was randomly divided into control, Control, OGD/R, OGD/R+OM-MSCs, OGD/R+sh-NC, OGD/R+sh-
GPX4 and OGD/R+sh-GPX4+0OM-MSCs groups. After the cells were subjected to OGD/R modeling, the cells
were subsequently co-cultured with OM-MSCs and/or knockdown of GPX4. Neuronal apoptosis was quantified
by flow cytometry, while cell viability was assessed using CCK-8 assay. Biochemical markers associated with
ferroptosis, including MDA, ROS, GSH, and Fe** levels, were measured with corresponding reagent kits. The
GPX4 expression at both mRNA and protein levels was determined through qPCR and Western blotting,
respectively. Results The isolated and primarily cultured OM-MSCs showed typical characteristics of OM-
MSCs in cell surface markers (negative expression of CD34 and CD45 but positive expression of CD73, CD90,
CD105, and CD146 on cell surface) and morphology (adherent cells in a spindle-like shape). Significant
differences were observed among the control, OGD/R, and OGD/R+OM-MSCs groups in terms of cell viability,
MDA, ROS, GSH, Fe’* and GPX4 (P<0. 05). The OGD/R group showed notable decreases in cell activity and
GSH (P<0. 05), increases in MDA, ROS, and Fe™* (P<0. 05), and down-regulation of GPX4 when compared
with the control group (P<005). Co-culture with OM-MSCs enhanced cell activity and GSH (P<0. 05),
decreased MDA, ROS, and Fe™ (P<0. 05), and up-regulated GPX4 as compared to the conditions in the OGD/R
eroup (P<0.05). While, OGD/R+sh-GPX4 treament developed the decreases in cell viability, GSH, and
GPX4 and the increases in MDA, ROS, and Fe’" as compared to the OGD/R+sh-NC group (P<0. 05), however,
all of these could be reversed by OM-MSCs. Conclusion OM-MSCs inhibit OGD/R-induced ferroptosis in

HT22 cells by up-regulating GPX4.
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M %% T 45 #4388 H 1 (UbiA prenyltransferase domain-
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BRBET AT AL P TR S M2 5, e SR
| 5/ %A (oxygen and glucose deprivation/reperfusion,
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TR , AT AL B NS i Ak 38 B RS Y . GPX4
JELERR AN B R AR S A AR 1, AT A R 2R
YL N B s R o Ak AR BB T, AR T A e IR R
GPX4 2k 1 o 1k T IR 4 U i oo SR Ak AR 2,
BCAR R ERAE T R A o T e L PR Y AT PR B GPX4
FEIR TV, ML UE GPX4 19 mT AT 25 i ##h 22 oC 40 g
BRPETT AR A S B R
GPX4 Sl 2R A T I 2438 i it i -0 3 958 107 1o L
LiLYEes

O A BF9T RS, OM-MSCs TELEREA ZRAET- 1M &8
JCAH A H i R RS T A BT RALE ] . HUANG
2 PRI SR AL it 2575 5 )l 28 T 40 SR A 11 1
s H 5 OM-MSCs F1 1557 , 45 S R W OM-MSC 1] &} 2%
) 1 5 A R R 2 AR MR SE T, R R T
ANLTE F1 o %W IR R IE 52 OM-MSCs 7] _F 14 GPX4
TERRZ T A (9 FR 3k, SR 7E 7 FIR L OM-MSCs
A g8 1 GPX4 AT AR FE T- LI 25 1 R i S 10
o . SR, H AT JCUE 88 UE 52 GPX4 A
OM-MSCs 75 i S 1L - FE 505 A 2R LT

AL B W) A 1T OM-MSCs % GPX4 2 ik Y
WEEAE L, IEIE 52 OM-MSCs 8 11 GPX4 23 OGD/R 75
SR TN R FE T, DA Ay i i 1 PR Y ph 420
PR AR IR T B, O OM-MSCs IIfi R i FH 2 4%
BReFAR A

1 #M#57E

1.1 ##5 XA
DMEM/F12 85 3% 3£ (#D6500, L 5t R 36 5% ) ; I 24F
I3 (#S9020, b 51 K 35 ) 5 CD34-FITC (#ab131589,
% [E Abcam) ; CD73-FITC (#ab239246, & [ Abcam) ;
CDA45-FITC (#11-0451-82, 2 [ Invitrogen) ; CD90-FITC
(#11-0909-42, % [H CD105-FITC
(#ab11415, 26 [F Abcam) ; CD146-FITC (#ah78451, 3
[ Abcam ) ; /)N B 25 #f 22 o0 40 A HT22 1 FH 2005
FEN T HHEE R IR AW (#P1400) 1 H AL 5 REF A
7] ; DMEM 5 5% %& (#11995) i [ b 5 R K 5 A 7 5
CCK-8 il £ (#C0038, 11338 < K ) ; DCFH-DA {5
(#50033S, [338 K ) ; Western blot Z4f# i (#R0100,
JE RS T ) s BCA 8 v B 1477 6 (#PC0020, b
TURIHEE ) s MDA R & (#S0131S, [ <K ) ;GSH
K GSSG KR 7 €5 (#90053, | HE 2 75K ) 5 400 i IF 4%
BRI ) £ (#BC5410, JL 5TR 3K ) 5 Trizol $2 HL
W (#R0016, 3R 2 RAY)) s — ki i -2 e
i PCR U & (#T2210, L 50 % 3K E ) 50. 22 wm PVDF
II{ES Miﬂipore) ; Western blot 3} [4] & (#P0023B, I

Invitrogen)

W38 = K ) 5 GPX4 T4 (#52455, 52 [ Cell signaling
techenology) B-actin (#abh8227, 32 [E] Abcam) ; LI EHT e
i K (#ab6721, 3 [ Abcam) ; ECL & & i % &
(#P0018S, FifFFAAK)

1.2 %ok

1.2.1 JfR OM-MSCs 43 J % AW ARl
SURAE R KA AE = 2 e B g 1 = Be A 19 1491
BREREE . REREMEREE, REEE D EIE
IEH AL FE R AL, HEBR bR Bl AR MR |
FESH AT | 5 R A I W s BT ) DE b el | R R e A
e FH A, KR 2 J8 P Al B A 28 SIS [ s R
o BN TR N RLGE B ZH 2N, >R DMEM/F12
R FR BT vE . BT R 1 mm’ R FRARER , i A
& 10% R 4 75 i) DMEM/F12 35 55 322 14 b 41 21, %k
LU BT L A 10% G4 103 i) DMEM/F12 55
FRILEBVIVE, 37 CHF B AL, FEFR 2 d KB 1 R KE
S, BPS AN, TH AL S5 SR FH DMEM/F 12 5 57 3L 5
BT VBB, 1 mL IR, Hod 1
S B X B A IgG-FITC, %5 4b 6 45 VE A I 2
S35 CD34-FITC (F B BE < 1:25) .CD73-FITC (#i
B . 1:20) .CD45-FITC (Fi B £ - 1:20) . CD9O-FITC
(FEBERE £ 1:20) .CD105-FITC (R BEBE: 1:10) .CD146-
FITC (5 BB - 1:40) , R FH 90 =X 40 Jt 4SO I ML i 288
JIEE 3 8 8% 3% 0 D AR 4N i 2 T AR G 9 CD34, CD73,
CD45.CD90.CD105.CD146 (9335, A5 E 3k
KPR B2 27 e BT T8 96 11 I g /8 2% B3 2t i 2025-
(1£#)-030].

1.2.2 HT2240ME153% I M A B HT22 40 ks
FET & 10% f5 2F L7 +1% 75 4% 5 2 IR & T A0 DMEM
Rigi 3k 37 CE 24 KRG R 4. 8 HT22 4 i 53
g%t BB ZH . OGD/R #H . OGD/R+OM-MSCs #H . OGD/R+
sh-NC 2 . OGD/R+sh-GPX4 2 . OGD/R+sh-GPX4+OM-
MSCs 41 , BFALALBRUN T < %F BB 2H , 4 A AE % 5 3% , ANtk
T4 A4 B 5 OGD/R 41, #2232 OGD/R 4b 2 ; OGD/R+
OM-MSCs 41 , HT22 4 ifs 5e 247 OGD/R 4bHL, J5 5 OM-
MSCs 55 3% ; OGD/R+sh-NC 41 , 8 1 I Joi 14 vk s e
shRNA B X+ B8 (sh-NC) , 48 h J5 #E47 OGD/R 4b B ;
OGD/R+sh-GPX4 4 , i 18 g B A 1k B JL GPX4 i 5Pk
shRNA (sh-GPX4) ,48 h J5 #47 OGD/R 4t 3 ; OGD/R+
sh-GPX4+OM-MSCs 2 , i i i Jii 4 15 5% Y% sh-GPX4,
48 h J5 M W #E 1T OGD/R &b B &% OM-MSCs 3£ 3% 35 .
OGD/R ﬂ‘fim‘ . it 2 T B Hank * s S 47 3618 W 55 957
37 ‘C.95%N,+5%CO, N5 4 h, % Hank " s %W, I
AT 10% R 4F M7 +1% 5 6 75 Z IR A W% DMEM 1
FiHE 37 °C.95% 25K +5%C0, F 2 5 24 h, OM-MSCs
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5 HT22 M55 3577 v BCHT22 I8P T Transwell 41 il
W R %, #E 4T OGD/R 4b BR , B4 & J5 24 h 5 1E
Transwell 20 g th - 25 $ Fh OM-MSCs 4l fifd , 37 ‘C T 3t
W24 h,

1.2.3  CCK-8 ¥Aaill HT22 i L 1% 7 B HT22 40
W42 R T 96 FLAR , S 4LIG 45 T AH N SC SR kb # . Ab B
24 hJ5 , R CCK-8 127 & Aar i 40 i 3% g o [l AL
A 10 pL CCK-8 TAEWE ,37 “CHEHE 1 ho i BRI
MID(490) |, &ML IS T (%) .

1.2.4 K HT22 40 g MDA \ROS . GSH ,Fe’ it 3¢
fE ROSHGI - % B3 40 Mo 8% 55 2% , A DCFH-DA 8
EFABRICHIAE ROS, 37 “CHFE 20 min, R F B bR
I, MDA K BB A0 MR 2 2L A ZY0 0, vkIB T
Z4# 10 min, 12 000Xg #.L> 5 min, B3, R BCA
BRI R S WO R AR E R
MDA 32t 71| €546 10 40 il MDA 7K F o GSH A3 - g 48 4
JeL, AR 1 25 BR 1R, 4 CTRCE S min, 10 000xg 2
0 10 min J5 BV, R GSH B GSSG A il i 571 &
KA GSH K- Fe Kl - WAL A 40, vk 8 75
FEANIL S min, 4 °CF 10 000xg #5.0> 10 min, B3,
SR FH 200 BI04k 5 A6 50 A 0 4 ™ 5
1.2.5 HT22 40 ffd /Y & RNA $2 5t 2 g 42 T
6 FLAR , AR 4 3 AL B E AT AR R S A /N
F 015 35 5L, A Trizol 32 OB , 15 20 i 45 38 24 I
W S22 i W 2 B0 L, 4 CTF 12 000Xg B0
10 min, W BCRLAH =) 200 B0 . 1 OB A
SR F IR A S UE 2~3 min, 4 'CF 12 000xg & .0
15 min, MR 1 2 J0 60 7KORH 288 25 0 A8 A S TR I
Z IR TUIE 10 min, 4 'C'F 12 000Xg 250> 10 min, # & |-
THW L 75% S BRI UTTE , I TTTE I A DEPC /K
W, -70 C R

1.2.6 qPCREZE:  HUHT22 409 5L RNA FE &,
i FH 40 8 BE ARG I [ D (260) ] F1[ D (280) |, % #
[D(260) 1/[D(280) 1>1. 6 By #E b 3 H F qPCR & # o
it — 25 i % 53-8 e | PCRAT & 1E 1T RNA 6
B R w6 E B . R GAPDH AN & LA | i i
M AT AR MEAL AL HE . PCR B AR AR - 0%
5%, 50 °C, 20 min; HAEME, 95 °C, 3 min; 281, 95 °C,
10~20 s, 1B K/FEAH, 60 °C,20~60 s, FF5E 40 WAEH
1.2.7 Western blot 5C5%  HU45$2H HT22 4 il , # B
A M3 55 3, il A Western blot 23 fi# & , VKA T 24 fiit
10 min, 12 000xg &5.0> 5 min, B 1% W H F 25 H EL
o SR BCA B R B i il ) & I e b v b 2
IR . RAMA SR UK BERE 70 B8 R G0 5y B A, VKA

A X B SOR: 2 1 #8 2 PVDEF B A
Western blot 3} AW, 2 i FE IR EHA] 1 he FEBRENAI,
Ve 3 W I AR BB — T (GPX4Piik : 1:1 000;
B-actinPLik: 1:5000),4 CIFF LK. MU—Pr, 1k
W3R I A HRP 22 B 11 2 T S b i O B B2
1:10 000),37 ‘CHFE 1 ho 2HUFH 45K 5 6% PVDF
JBE3 R, A ECL 2 (355 &, B E 1~2 min, |
BL, SR X SRR L BEI R R AT AR E S . A
F 5% LA B-actin A N 2 5K 13T 8 GPX4 %) 8 1 AH Xt
KA
1.3 %t

*H GraphPad 9. O B AF PR 47 592 56 B0 4 ] AR Ak A
B, FH SPSS 23. 0 B #EAT G it 40 #r o % 9 441 1]
25 B, R M ST REA KB . X = S =R
2 IE) 22 5750 B, R FH B R 7 22 0, F5 )5 WG HL A
FHLSD- K56 o JIr A3 4 1 24 46 36 38 S SUR A 36, P<
0.05 %M 25 HA G #E L.

2 #R

2.1 JRAR OM-MSC %8 i % %

WA R G BE A K BRRIR, R G
OM-MSCs JE &2 (B 1A) o i 20 M A 45 2R R,
CD34 % CD45 & ¥, CD73.CD90.CD105.CD146 &
FHE , £55 OM-MSCs R bR & PR (B 1B) .

2.2 OGD/R 4 #2355 HT22 tm sk st

CCK-8 5256 7 , OGD/R 41 41 M 135 1 % % e 2H [
. qPCRKGIZEF R, OGD/R 4 GPX4 A X =ik
A o WA A (¢=7. 888, P<0.05) . Western blot £ ]
25 LM, OGD/R 4 GPX4 £ 11 A X 7K S AR % iR £
(1=23.300,P<0. 05), OGD/R 1 MDA .ROS .Fe” ¥ T
XFREZH T OGD/R 2H GSH IR 7% B2 (P<0. 05, 1 2) o
IRZEREIT, OGD/R AL B A5 5 HT22 4R AL T,
2.3  OM-MSCs #74] OGD/R # -5 #9 HT22 4m g4k 56 =

g B OM-MSCs X%} OGD/R 5 S f 1 £ ek e T
(RS2 TR G 000 40 B 3% 7 AR AR I S B SR BB T b i
Yt AT T RG0Hr, 45 3 iR OGD/R+OM-MSCs 41 41
il 3% 71 % OGD/R 41 Ft 5 (P<0.05) . OGD/R+OM-
MSCs 20 MDA ,ROS . Fe* #; OGD/R #H [F4 A% , ifij GSH Jt
R (P<0.05, K 3) . kg KW, OM-MSCs 1 il
OGD/R %1 HT22 4 ke T
2.4 OGD/R F OM-MSCs k8 GPX4 £ HT22 %8 o

EOF &

qPCR 5 #4578, OGD/R 41 GPX4 HH Xt £ ik

FR IR ZH R I (P<0. 05) ,0M-MSCs+0GD/R 41 GPX4
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P2(0.18%) § 4 P2(U 59%)
o £y = g
2] 2 g g ¢
=] ] =
°1-02 10° 104 10° 108 °1-02 10° 104 10% 108 01- 10° 104 103 0°
CD34-FITCH CD73-FITCH CD45- FITC?ZJ’f:
8 g g
P2(95.91%) P2(96.62%) N P2(96.73%)
= B 2g
By S Sﬁ
°|-u2 10° 104 108 108 01-02 10° 104 10% 108 Dw- 2 10° 104 10% 08
CD90-FITC#¢J: CDI105-FITCHt CD146- FITC?ZJ‘& B
A:OM-MSCs % 2 5 5 B+ i & 40 I K A& ) 2m Jit &80 4-F CD34.CD73.CD45.CDY0.CD105.CD146
1 EROM-MSCsHBERLEE
150 — 1.5 7 0.8
EJF
% 206
§ 100 - ® 1.0 ;%‘
=
E Z X4 OGDRAL o4
=2 a 3 a GPX4(19x10°)— ksl a
F 504 2 0.5 >
O & 0.2
0 0
XHHRZ  OGD/RAL A XHH4 OGDR# B XIE4l OGDR4
154 a 300 150 250 —
—_ a
L 200
£ N o N
= 10 S 200 S 100 =
g e W E 150 -
s 2 z =
=z kS o =
é 2 = a =100
- . )
g s g 100 2 50 =
50 -
0 0 0- 0-
X4l OGDRAL D XFAE41 OGD/RZL a4l oGbR4Al  F g4l OGDRA G

a:P<0.05, 5 xR 4 rb 4
A:CCK-8 A& 20 L7 71 ;B : (PCR & & GPX4;C: Western blot #: GPX4 & & & ik K F ;D: MDA #4854 4-& 4  ; E: ROS

AT E AW F: GSH AR 400 5 G« Fe™ 48 2438 44

El2 OGD/R &:IBXT#4 TT 40 B Bk 58 T- B 54 M

AR F IR OGD/R 4L EIH (P<0. 05,1 4A) . Western
blot K45 5L i 7%, OGD/R 2H GPX4 £ 11 AH X 7K - 4%}
WA ZH [ A% , OGD/R+OM-MSCs 4 GPX4 % 1% OGD/R
TR (P<0.05,14B) . iRS5 SR FR B, OGD/R 4b 3
FEGPX47E HT22 il rh 3k T 18, OM-MSCs Al 5%

GPX4 =ik A,
2.5 OM-MSCs i@ it k38 GPX4 #7 4] OGD/R # F &%
HT22 % L5k 2. =

1 — 2 B OM-MSCs 3 3F GPX4 845 # £ ot
BRIET PR ALE], ABFFE 5T RNA TR T
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150 . 300 — 150~ 200 a
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100 b F104 b & 200 - & 1004 < =
g 2 b = b =
= £ = 3;,5 a = 100
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§ 50 . Z 5 £ 100 7 s04 %
g = ~ [ =
50
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% X
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¥
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Q Q

a:P<0. 05,5 2 B 204 ;b P<0. 05,5 OGD/R A b4
A:CCK-8 ik #m] 2m L& 77 ;B : MDA AR 243 40 ; C: ROS A8 3+ 42 ; D : GSH AR #2420 ; E . Fe™ 40 23 44

B3 OM-MSCs 3T #4 ST B $k 58 1= B9 SN

1.5

= 10

GPX4AHR Fek

o
n
|

R
4’0
&

B

S A
@

Q

B

1.0+
0.8
s b
2
x =y
Y 0.6
s S g
Q)% Q\Q‘ QN a
AN O Y ]
= 0.4 a
5 T
0.2
0
% Q & Q\
AR
Q

a:P<0. 05, 5 3F AL E ;b P<0. 05,5 OGD/R 2Lt 4t
A:qPCR 24 M GPX4 A48 £ ik 2 ;B: Western blot 4] GPX4 & & A8 x4 £ ik K -F

El4 OM-MSCs X GPX4 R AR 20

GPX4 f IR A HT22 21 Mo A5 B | JF 7 it 2 fili b i 47
OGD/R b 3 2 OM-MSCs 697 o qPCR A& Western blot
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