536 B 4 JANDINDNEE = o 1§ 1)) Vol. 36 No. 4
2026 4:7 H Journal of Jiangsu University ( Medicine Edition) July 2026

S A NS 8] 72 5T 4 U 4/ 2 v %o
Hh PR A A 3 i /S BT SR AE Y 52

FE, FAM, REhE, FT, FEN, KDL, AN

(VLI R R BB BE 2R, Y195 4HYT 212001)

[(FE] B#. RS AFA A] 78 5 1 40 1 5 5 46 %% 79 (human umbilical cord mesenchymal stem cells-derived
extracellular vesicles, hUCMSC-EVs) X /2224 ( house dust mite, HDM ) —JJ§ £ §# (lipopolysaccharides , LPS ) 5 5 B4 Ff s
A PRGNS GE 2RE 1Y R ) R AR AL, iR R B0 1A $2 I hUCMSC-E Vs ; 5 5 Hi 5% W 2%
hUCMSC-EVs JE 25 ; 25 11 45 B[ 30 1 46 T 240 g &0 9% 9 v 43 {6 % 81 (cluster of differentiation 81, CD81) 4R 78 2K
70(heat shock protein 70, HSP70) i 5 /B A 101 (tumor susceptibility gene 101, TSG101) FI45EE 2 [ ( Calnexin ) &
ik, Mg HDM-LPS 755 (4 e 200 it o 122 s/ BRUBE B0 JF- 45 7> hUCMSC-EVs b+ 1, K 15 H 6~ 8 J& % b
BALB/c /NRBENLS> 9 %F FRZH HDM-LPS 2 F1 HDM-LPS+EVs 20, 540 5 H ; HE Flid ltFR—5 5% ( periodic acid-Schiff,
PAS) Yo (7543 5 A At I A3 S P18 1k A0 L e ROV AR 20 L P 2 155 50 0 40 5050 0 iy E 5 i €04 114
Jiti 13 VE W ( bronchoalveolar lavage fluid , BALF ) H 4 i 4H L AT H-PEAr 41 L B85 ; qRT-PCR A /N R4 4 C-X-C 3
AR FRL AR 15( C-X-C motif chemokineligand 15, Cxel15) Fll Cxel5 mRNA &35 ; 5% AR IR ) S A6 4540 /)N fUIi 26
LR VR I R A B A e BE BRI A B H K B AL 4 (glutathione peroxidase 4,GPX4) ik, Ok
IR A BB S TS I ARk HBE135-E6E7 % CM-Dil #7121 hUCMSC-EVs (1485 U 5 5 144137 F HDM-
LPS HDM-LPS+EVs 4t 3 HBE135-E6E7 2l qRT-PCR Fa:il £ 20 41 1 JL-8 mRNA il Cxel5 mRNA ik SR FHHIGA
F G VR P A8 B A0 ARG I 45 2H 7 2K s 1 TR IE I GPX4 ik, 5 R . HUCMSC-EVs AR TREBE 454 H. %
ik CD81,HSP70 F1 TSG101, 5%F HRAIAH E , HDM-LPS 20 /)~ BUACIE Ja] Bl 98 1 200 M 3 v FARAR A it A A F2 B BH (., S8
H PAS G153 B 35 T4 (P<0. 01) , BALF i SW AT AN b Mok 200 O 5 BR G 15 22 (P<0.01) il ZH 20 rh Caell5 mRNA |
Cxcl5 mRNA AR FRTA 0 & 0 3 RO GPX4 3k B R IK (P<0.01 3§ P<0.05) ;55 HDM-LPS 414 I,
HDM-LPS+EVs 41/NGU/TIE AAEF PAS W43 W W AR, BALF FFv i 0 Ji 1 rP bk 40 it 55084 B S s 20 ( P<0. 01) |, il
Cxcl15 mRNA  Cxcl5 mRNA A% B T RN 1 2 i B 0 IR T GPX4 2R 3R 3k B B 7 ( P<0. 01 2K P<0.05) , {44h
IR A R  hUCMSC-EVs ] 28 HBE135-E6E7 4l N % ; 5 HDM-LPS ZH4H [t , HDM-LPS+EVs 41 4 il H W74k 25+
P i IL-8 mRNA il CxelS mRNA 23535 1 3 MK GPX4 kB i3 fin (P<0. 01 5% P<0.05) . 45if: F1k
hUCMSC-EVs 1] i 2 23 HDM-LPS 75 5 (19 Mobr 40 P i /N BV A0 , L rT R 2l ad 0 30 <088 T i Ak aE
TISEHPLRIE
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Effect of inhalation of human umbilical cord mesenchymal stem cells-derived
extracellular vesicles on airway inflammation in neutrophilic asthmatic mice
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[ Abstract] Objective: To investigate the effect of nebulized human umbilical cord mesenchymal stem
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cells-derived extracellular vesicles (hUCMSC-EVs) on house dust mite (HDM) - and lipopolysaccharide
(LPS) -induced neutrophilic inflammation in asthmatic mice and its potential mechanism. Methods:
HUCMSC-EVs were isolated using ultra-high-speed centrifugation. The morphology of hUCMSC-EVs was
observed via transmission electron microscopy. Western blotting was performed to detect the expression of
cluster of differentiation 81 ( CD81), heat shock protein 70 ( HSP70), tumor susceptibility gene
101 (TSG101) and Calnexin in the EVs. A mouse model of neutrophilic asthma induced by HDM-LPS
was established and treated with nebulized hUCMSC-EVs. Fifteen 6 —8-week-old female BALB/c¢ mice
were randomly divided into three groups: control group, HDM-LPS group, and HDM-LPS+EVs group (5
mice per group ). Hematoxylin-eosin ( HE) staining was used to observe inflammatory cell infiltration
around the pulmonary airways, while periodic acid-Schiff ( PAS) staining was applied to detect goblet
cell metaplasia in the lungs. A hemocytometer was used to count the total number of inflammatory cells in
bronchoalveolar lavage fluid ( BALF), and Wright-Giemsa staining was employed to count the total
number of neutrophils in BALF. Quantitative reverse transcription-polymerase chain reaction (qRT-PCR)
was conducted to measure the mRNA expression levels of C-X-C motif chemokine ligand 15 ( Cxcl15)
and Cxcl5 in mouse lung tissues. Relevant kits were used to detect the contents of ferrous irons and
malondialdehyde (MDA) in lung tissues, and Western blotting was used to determine the expression of
glutathione peroxidase 4 ( GPX4). In vitro, HBE135-E6E7 cells were treated with HDM-LPS or HDM-
LPS+EVs; laser confocal microscopy was used to observe the uptake of CM-Dil-labeled hUCMSC-EVs by
the huaman bronchial epithelial cell line HBE135-E6E7 cells. In vitro, HBE135-E6E7 cells were treated
with HDM-LPS or HDM-LPS+EVs. IL-8 and Cxcl5 mRNA expression was analyzed by qRT-PCR, while
ferrous ion, MDA, and GPX4 levels were determined using kits and Western blotting, respectively.
Results: HUCMSC-EVs exhibited cuplike membranous structure and expressed CD81, HSP70 and
TSG101. Compared with the control group, the HDM-LPS group exhibited obvious inflammatory cell
infiltration around airways and airway epithelial goblet cell metaplasia, with significantly increased
inflammation score and PAS staining scores (all P<0.01). The total number of cells and neutrophils in
the BALF was significantly increased (all P<0.01). In lung tissues, the levels of Cxcll5 mRNA, Cxcl5
mRNA, ferrous ions, and MDA were significantly upregulated, while GPX4 expression was significantly
downregulated ( P<0.01 or P<0.05). Compared with the HDM-LPS group, the HDM-LPS+EVs group
showed significantly reduced airway inflammation and PAS scores in mice, along with a marked decrease
in total cell and neutrophil counts in BALF (P<0.01). In lung tissues, the levels of Cxcll5 mRNA,
Cxcl5 mRNA, ferrous ions, and MDA were reduced, whereas GPX4 expression was increased ( P<0. 01
or P<0.05). In vitro experiments revealed that hUCMSC-EVs could be endocytosed by HBE135-E6E7
cells; and compared with the HDM-LPS group, the HDM-LPS+EVs group showed significantly reduced
levels of ferrous ions, MDA, and the expression of IL-8 mRNA and Cxcl5 mRNA , while GPX4 expression
was markedly upregulated ( P <0.01 or P <0.05). Conclusion: Nebulized hUCMSC-EVs could
significantly alleviate airway inflammation in mice with neutrophilic asthma induced by HDM-LPS, likely
through inhibition of ferroptosis in bronchial epithelial cells, thereby exerting anti-inflammatory effects.

[ Key words] human umbilical cord mesenchymal stem cells-derived extracellular vesicles; nebulized

inhalation ; neutrophilic asthma; airway inflammation; ferroptosis
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(1) 78 J5T 1 4t el I Ffd &b 3 361 ( mesenchymal stem
cells-derived extracellular vesicles, MSC-EVs ) /& Hi [A]
F0 5T T4 ( MSC) T AL 2 il B XUy - = B
BE F IR W OR & D RE MR AZ ) B0k ST
RV TR A% 5 T A 55 L #, MSC-EVs &
B MSC AR L7 ik i SRR SR IR iz i H T
ZFPBRIGIG ARHT 37, ARk, MSC-EVs £ 1%
Wiy 7 40U ) A (EL32 B2 2 G T BT A &%
PR OCHTE H 2548 2218 3%t HL T W Wi e R T
WA T7 ., AR, AT T 22 R EE T MSC-EVs X1
P A A 20 L P e s /N BRI 7 R T, 6T X
R PP i AT S RE 19 52 W) S P AEAIL R H RiT A
SEARTHRE . ARUEA AT KB, N MSC(—
e i PR FH PPl BT S 5 O 9 MSC A -4
M) kY5 B9 EVs (human umbilical cord MSC-EVs,
hUCMSC-EVs ) 1 1t 35 22 fiff W8 19 115 240 i A28 1 Wi /)
A Je e O JR SR ST E— IR SE, EVs 1]
3H 3 B 30 i PR S s 118 B3 A A 53 24 07 T T A0 4
I i 7 P PR s 1 S e A ST
BITFEAL A hUCMSC-EVs it o4 67 41 it 1 12 iy
/N B T Tk e S AT BEBILAR .

1 #RE7FZ®

1.1 ##

L1l difammshyy A e & 04 NG
) B EHOR A TR 2R VL5 K P s 1 e A8 32 D it
YE[R] 2 hUCMSCs $EURIYE RE 2 2% AR T34 1 109 41
W AR E AN R HBE135-E6E7 I H 7
MR AR A,

15 2 6~8 JA#% SPF 2t BALB/c /)N BRI [
VLIRS SO (B ARIIE S : A202503270143)
NET 12 h/12 h WS A8 HAH XTI B N 40% ~
60% IR 1R 3%, B B & FIROK, SE8edi BT
IR EE BN R N T2 5t 248 m D SGHEA T
112 FEEFIFLE  hUCMSCs 58 445 78 5 1
H 7N B 2 7 5 & A i ( HDM) W [ b o il 5 4
YRR BRA R AR LR 4 R HBE135-
E6E7 & F K 3 5L A 1 B A W BB A R #
DMEM 4 FI 38 Gibeo 23 F] ; 248 (LPS) [N 1%
R & b 9 28 2 R A R AT BR A & 5

R B ARSI ) G 1 AR il A AR R A BR
A 3 37 5% S qRT-PCR R &0 [ ra st il MERE AR )
BHEAT BRI A 5 qRT-PCR 514 Hi rE 5L R MR,
R R /A, BS54 51 /N GAPDH 1E
1] : 3'-TGTTCCTACCCCCAATGTGT-5", 2 [ ;: 3"-GG-
TCCTCAGTGTAGCCCAAG-5"; /Nl Cxell5 TE 1] 3'-
CTTTCCAATTCGGGAGACCT-5", I [fi] : 3’-ACTGCCT-
GTCAAGCTGACTTC-5" ;7N Cxel5 1E[7) : 3'-GTTCC-
ATCTCGCCATTCATGC-5", JZ [i] : 3'-GCGGCTATGA-
CTGAGGAAGG-5"; N GAPDH iF [fi] ; 3'-AGCCACAT-
CGCTCAGACAC-5', i 11] : 3'-GCCCAATACGACCAA-
ATCC-5"; N IL-8 1E 1) : 3'-CTGCGCCAACACAGAAA-
TTA-5", [ ] : CATCTGGCAACCCTACAACA-5"; A
Cxcl5 1F 7] ; 3'-AGCTGCGTTGCGTTTGTTTAC-5, J2
] ; 3'-TGGCGAACACTTGCAGATTAC-5", % #it N/
/NEER T REDLIAR CD81 it AR se BEHT A SR 5 2
F 70(HSP70) |, St A BR. 5 B Bt 44 Ji 97 B Sk 5k 1A
101 (TSG101) | H HT A/ BB 78 B Bt 14 45 B 2R
1 ( Calnexin) fdi A/ /INERL B 5 BT AR AR DR H Akt
AALYIEG 4(GPX4) /NEIT A/ /DR SEREPTIA B-
WLBh 8 FPTiAR L E Pt fb S hr/h Rl A R
=8 A AR BN ) 5 PRk 8 P W B 7 38 5
YR A RS 7 ECL &G AT PVDF JE Iy [ 55
Millipore 2% 7] ; DM-YWH O1L %955 {k %% & ()7
TEKBE I A IR 7)) 5 JEM-1200EX B 37 5
B HAR RS .

1.2 HUCMSC-EVs #I 5 %%

1.2.1 HUCMSC-EVs #£H 5%  hUCMSCs 7E 1%
FRIML A A K 3 80% il sk B8 46 kg TG 1L 35 455 77 JE 4k
ZE3GFE 24 h WU AR IS, T 4 CATHE BB O,
BARB AR .58 300x ¢ B0 10 min, F 2 000x g
B0 20 min, Hi7J5 100 000% g 2.0 90 min; YW AETT
JE,H PBS BRI 2 I R DR E B O R,
TR W42 U0 TE B A hUCMSCs-EVs,, K5 357 32 BUAY
hUCMSCs-EVs 70355 T80 C KAt fE# ., %
28 8 1 1 55 1k A hUCMSC-EVs, B J5 ] 50 mL 7K
TR B O AT AL B SR YA S 2t
BB O EVs (544 R BER Y EVs) .

B HR[17-18], 1 4% Z BB 4% 1% —
BEXT hUCMSC-EVs #E17 [& 22, Bl J5 i 2 6k TR J2 1Y
A D _E PR N 2% B RS PR VAR (pH 7.0) , B4 47,30 s
JE AT HE T, FEIE S HL B T %S hUCMSC-EVs JE
AIFHEIE S,

1.2.2 £ %y B 52 56 A5 I hUCMSC-EVs Ho
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CD81 HSP70 . TSG101 Fl Calnexin %K ik 0¥
EEWCTY EVs FUB R U hUCMSC-EVs H 4351
AGE AT RIPA L0 W HE 17 7050 50 I 54 it ; Bl
JaF 4 CA7 12 000x g .0 10 min; B EVER, A
RESR R, FTE IR A, 100 °C K 10 min; B 1l
10% 4y B AT 8 F HL UK (60 mA, 50 min) ; B BE I8
FHEAEZE PVDF (100 V,90 min) ;¥ PVDF
JIES B Sl S AT 9 TP B AT 100 min g AR B — $iT
CD81(1:1000) HSP70(1 : 1 000) .TSGI01(1 :

3 000) & Calnexin(1 : 5 000) ,4 °CHFE 17 ; TBST
PRI 3 YK InA HPR FRig i —HT (1 : 5 000),37 C
JEE 1 h; TBST PEfE 3 I ECL G 5

1.3 ¥k

1.3.1 Zhisiiitg e ¥ 15 H/NEBEHL 3 Bd
21 HDM-LPS 41 fil HDM-LPS+EVs 41, 541 5 H.
X FRZH /N AN b B HDM-LPS 75 5 114 PRk 41 it
PEREN ARG S IRSCHER [ 19 ], AT 2T 7655 1~
3 RTL/NR 5 pg HDM+3 pg LPS, 5258 M 4524,
R T (CRBH B, 725 16 .17 RTLL2.5 pg
HDM+1.5 pg LPS(# & BBt ) ; HDM-LPS+EVs ZH /s
SUENYE HDM-LPS 20 3Et | 7658 16 .17 KT LUELL
A hUCMSC-EVs (40 pg/W) #:47 T, T4 18
R BIRAC( =R TSR e R B 64T B0 A 3L ) /s
BRI A 4 il 6 98 6 W ( bronchoalveolar lavage fluid,
BALF) FIHZH 2N, 0 g A R0 A4 g o ) L2 A s 32
WA v, B B 4 A 20 R AR IR 4 Ak A
1.3.2 JligiZ HE M iR =5 ¢ (PAS) Yo K i
4y BUNBRA AL, PBS W0k & T 4% 2 W E
HEE 24 hy B RLA RS D) R A HE (PAS Y28
DATPAL IR 3 . SR P8 i SR 1P o P4l S0 R
JEV B R PRI 0, U R . 0 G (R DL R E 4N
ML) 1O AR AN ) 2 H(LER 1~3)F
R ) 3 R (CEBUMNEY 4~5 ZRME
MR 4 F(RZHERERMER 5 EU L
RYEAMALE) o >R I 5 1 VP4 il 4 2L 3 o3
WAMEBL T L PAS B AR LR 40 i 45 AR
S A0 E A lE oK, 0 43 (TG PAS PH AR IR 41
M), 1 43 (PHYEMRIR M <25%) ,2 43 ( BEYERIR 40
M5 EE N 25% ~50%) , 3 43 ( BHPEMCIR 40 0 & kbl
50% ~75%) ,4 43 (FHPEPRAR 40 L > 75% ) o B 2/
BUE—ak a3t F B350 5 N0 S S TR I, O
A /N R R IE A PAS SRy, Hip HE
1 PSA Yt i I ZELE IR A R A BN R SE L.

1.3.3 BALF JREUZ IS /NRAT R RAES,

i L LRAFAMEM I [ T AR ; B AR T <A
HNET U RRA LT B8 3, ME T R B
IE A G 4 i U 25 LA S8, 1 0.5 mL Tl
P RIJCH PBS 43R AZC N, G2 18 3 s Ik
£ BALF, B HUNRE L HEVE 2 I, BALF T 4 C17
1 500 r/min 5.0 10 min; BUHE, BET 1 mL PBS,
BN ) R S S € ] IS M R Gy YRt} U a
BN B 100 L 8B T R b e
R LA 30 B M 28w s m B A iR R, =il A
?ﬁﬁﬁ‘:?,ﬁ?ﬁ”ﬁﬁ%%@th%@ 10 min;ﬂﬁ:FE, FiE
U Y 8 4 min WK IR RS vk s B+ 7
AR T RAMLITEL 100 AS20 A, 4 4 i 285 43 28 5%
THE R MR AR 5 L, o0 e D A A S B Dy
PR A

1.3.4 WHEETTENE Bo.1 g Migldl, nA
1 mL SRR B T HR B, VKB S5 T T 509K 51 9%
WT 4 CA7 12 000 r/min &0 5 min, WEHE FIEHK,
BTUK BRI, W6 A e IR AN R . 4 i
120 wL R0 35 R W24 B A v i (T Am o il
LR ) B AR K (25 IR AR Ui AR 1 A
WA 2, e IRGIRA], ZIRFE 15 min, A K
IS 7545 3 000 t/min B0 5 min, BUETE LG
W B HX 200 L S0V ( B E _EAE W) A 96
UM, AR YAE 562 nm KA E B, B
W BESH UL,

1.3.5 WIEESEME W0.1 g /ML, n
NS EARFY RIPA 2, BRI 1R AT, B T UK
I 30 min 175853 51 K R B 12 000 % g B 4L
10 min, B VS A TG 20 . ARIE T 1 & it
DN Gt BA 5 TC B A o BRI P B A I T AR
TEEOENMA 0.1 mL PBS /E K25 (A% I A
0. 1 mL AS[R)VR B bR o i Tl VEAR v e, A
0.1 mL A AT E; BEF A EH A 0.2 mL N
TR I TV R, TR 24T, 100 °C B K 9 o
15 min; 2 HIEZE W, 1 000x g 2 IR B0 10 min; B
200 wL _L¥EROIMAZE 96 LR, bifi J5 FH B Br A0 2
532 nm P RACE

1.3.6 & H Sy B3 552 56 4 0 /0 B Al 26 21
GPX4 & H &k /b BN 42U 13 W A 3R

“1.3.57 ek “1.2.27 ,130 V HLJK 45 min,
100 V PVDF #4 i 60 min; —3T GPX4(1 : 1 000) Fl
B-WLh&E (1 : 5 000) , HPR #5ic B L F 30 f/ /N
BRH0(1 2 5000) , #FAT 3 ML S5, B/ R4
1 W R d 3 W& 41 3 i 5% JK BB 28 GAPDH
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FRUEAL , B J5 AH X 22 35 BOTE DL AF T X B 20 b o Ak
BUA RIS

1.3.7 RNA #£HUH qRT-PCR A& I /)N B A Bk o
Cxcll5 1 Cxcl5 mRNA Fig BUNRUZAZL, A
1 5 Trizol 387 , 7843 24 J5 N AGE 7250475 ( Trizol

Ffi=5:1),1WHE20 s, BT VK LHE 10 min;4 C
712 000 r/min #5015 min; B2 KA, A%
SR, IR AE FUK L #E 10 min;4 C1T
12 000 r/min &0 10 min; BITHE, ITA 1 mL 75% Z,
M ARARIRA) 4 C AT 8 000 r/min B> 5 min; BT
TE, A DEPC /K& f# RNA . Z M6 45K RNA 16
Bk ¢DNA, LN 25137 °C 15 min; 87 C 5 s,
B cDNA , Z: B UL FBe 97 38 S B AR £ [ 2xChamQ
Universal SYBR qPCR Master Mix 10.0 pL, F{i#5]
P1(10 wmol/L) 0.4 pL, Fi#F51 4 (10 wmol/L)
0.4 pL,cDNA 2 pL, BZ&7K 7.2 pl], il A 96 fLAR
47 qRT-PCR:95 °C T4F 30 ;95 CAEM: 5 ;60 °C
H KCFIZEH 30 ;40 MG,

1.4 %ok

1.4.1 40Mu/r4H M ab¥E  HBE135-E6E7 41 it 15 55
T 37 °C 5% CO,MIEFAA Y, 202 B3k 80% ~
90% I} AL RN T 6 fLARIF 45 TAHRIAL B, 4 i
A3 K 3 4H WP RZH HDM-LPS 20 HDM-LPS+EVs 4 ;
X HE 20 AS SO AT 40 38, HDM-LPS 200 A 25 wg/mL
HDM LA K 0.25 pg/mL LPS; HDM-LPS+EVs 2H B 7E
HDM-LPS 41 3EH F A 20 wg/mL hUCMSC-EVs 4k
OV SR 24 b R YA AL AN, HEAT ) 2R G
S

1.4.2 WO R4 DTS AN A R 40
i E T 24 LA BEJS ¥ HBE135-E6E7 4 il
FlFEE IR0, MO0 2 20 . W BRZH (A 33 ) A
hUCMSC-EVs 4 (In AAH R (4 DIL #Ric Y hUCMSC-
EVs 33557 s RRABMERL G BE Ik 60% B, PR 21 35 5% 5
¥4 DMEM, T 37 CH¥HE 4 h; PBS Bk 3 I &
FLINA 4% 2 3 W [ [# 52 30 min; PBS P 3 K

A BB EVs hUCMSC-EVs

JA 0.5% Triton X-100 & 5 min; 5% L3, H
0.5 pg/mL DAPI XF 4 A% 44 4 10 min; PBS PEEIT
R RS R A BT R A IR

1.4.3 WEEFHFENE W14 17 A
20 60, A 2L 200 R AT A R R S 4R IO,
TR TR AR (UK, ThER 200 W, #3753 s, ] B 10 s,
I 30 ), AH W T 4 C47 12 000 r/min 5.0
5 min; AR BVEW, BT UK BRI 5 2k S0 56 40 B )
“1.3.47,

4.4 WNIEESENE H“L4.17 A2
JiL, BRI AGE AR A RIPA 2400, - AT 7840
SIS R A <1, 3. 57,

1.4.5 FE SR8 BN SO0 K I 41 i v GPX4 ZE
Fik BL 4017 Ar AL FRZR M FF T W, PBS U

W2, JFE TR ¢, 2,27 ) e A 3 IR,
1.4.6 RNA $EHUA qRT-PCR & 0 40 Jifg v 1L-8 F
Cxel5 mRNA & U1 4. 17 404 PRAN M, B34
AN AGE £ Trizol 157, J5 2R S2 g0 0 BRI “1. 3. 77
1.5 “itF o4

J% Ffl GraphPad Prism 10. 0 #4347 481124 4%
Mr 52 &, 4 4 R A0 e AT R S 0 F0 25 5%
PERTIS 45 TE A5 43 A1 F1 5 22 55 Pk 0 5008 3 (8 +
PR s (xxs) Fon, Z ] LR LR R 5 257
Mr, #F— 20 21 [A] 9 5 L8R T LSD-¢ f 46, P<0. 05
hERAGIFEL,

2 #R

2.1 HUCMSC-EVs %%

BB IR WOR R EER T EVs 5 hUCMSC
Rige L WO oB $2 LAY hUCMSC-EVs ¥ 5 R JE AR
FEFEC H S5t 58 4, AR 20 100 nm (B 1A)
R ELE SR o W B EVs 5B I
hUCMSC-EVs ¥33k CD81 HSP70 Hl TSG101, R~ 3
ik Calnexin( & 1B) . HILFRM , MIIHEH hUCMSC-
EVs, HZ LA SR EVs BIS5H) 5284

B kR EVs hUCMSC-EVs

CD&81 26 kD

HSP70 70 kD

TSG101 44 kD

90 kD

Calnexin

A 35 S E T B BT LR 55 Ak vA B R RN T fE 4R B hUCMSC-EVs JE 25 (x 80 000) , 45 /L = 100 nm; B & 4 B2 BV 590 CD81

HSP70 . TSG101 A1 Calnexin ik

1 HUCMSC-EVs EES5ZEAGREWETE
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2.2 %4t hUCMSC-EVs & % HDM-LPS % 3 # %
o A KR

HE Jeta 2 3 R, % Al /) B RS 450 1E
AR FIJCH B AR M MR S IR A L,
HDM-LPS 4/ A A REG R | 0 J8 BBl A7 7 K
RV H AR AE /B 1 5 (P<0.01) 35
HDM-LPS #HAH ., HDM-LPS+EVs 2H 37 < 45 B = JiF

X e HDM-LPS#
"~ AT

By
AL fiy
N 7

Xt HEZH HDM-LPS#H

AT, R PR 2% 1 A0 R T L SR RE D ) I R
R (P<0.01,& 2A) ., PAS JLas 5 HoR | X BRZH /)N
B SRS B A O 25 38 FH 1 % €5 40 g, T HDM-LPS
2 /N R S A0 AETRE JR] L AT U5 3] R 1 PH A 0 L 2
AN R BE EDOR B AR R A A A B S
HDM-LPS ZH4H [t , HDM-LPS+EVs 20 A1k 40 o 1k A
W% PAS PE4) 1 F A (P<0. 01,8 2B)

P<0.01 P<0.01
e | S |
A4l HDM-  HDM-

LPS4] LPS+EVs4l

HDM-LPS+EVsZ
T BV

4r P<0.01
| —

e
QU
PASTES}/ 43
(3] (98]
T

)
o
o o i
'S’ 50 um
o A4l HDM-  HDM-

LPS#4 LPS+EVs#l

A TELZY HE 3 G ARIRIE] (x400 ) FIHETSIE 2 ML MR 18 1 28 b 2 102 (A ERIR ) 5 B2 PAS B (AR 3R K] (x400) Al

PAS e (i 28 e i 4 (A7 UREIR D)

& 2

2.3 %4 hUCMSC-EVs BeA& 2% w7 ) & BALF 7 %
P AT T AR LR P KB F mRNA & A

AN B Es 3R o, 5% R4 L, HDM-LPS

ZH BALF v 5 200 it R0 v P hr 448 B 25 ] S 384 hn (P

¥1<0.01) ; 5 HDM-LPS 41 #f It , HDM-LPS+EVs 41

S L R e P A 4 R R i 2 R R (P ¥ <0. 01,

B
20

>

P<0.01 P<0.01
I | . |

_

HDM- HDM-
LPS4] LPS+EVs4l

N
S

P<0.01  P<0.01
| | . |

[9%)
(=}

—

w

S/ (< 10%)
S

ps!
S

R A/ (< 10%)
w o

]

0
w4 A4l HDM-  HDM-

LPS4] LPS+EVs

FHNRSE R ML IR E AR AL E B R RS TR

Kl 3A.3B), qRT-PCR 45 IR, 5XF A1 L,
HDM-LPS 4 Cxcll5 mRNA Fl Cxcl5 mRNA #HXf
SRIK 5 3 TFE (P $4<0.01) ; 5 HDM-LPS 4144
I, HDM-LPS+EVs 4 Cxcl15 mRNA il Cxcl5 mRNA
FHXF e 1K K 5 F A ( P<0. 01 B P<0. 05, 8] 3C .
3D),

PRth D g
s < <

%é P00l P00l X P<0.01 _ P<0.05
S e S T

= 10- =

= =

Z <4l

2 g

E st B

. gor

5 3

0 0
%[f@4 HDM-  HDM- XHE4 ~ HDM-  HDM-

LPS4l LPS+EVs4l LPSZ LPS+EVs#H

A BALF v S 4 50RE HLAe ;B BALF H ol 40 i 55 L 4K 5 C . qRT-PCR A 4141 Cacll5 mRNA AR 33K ;D qRT-PCR 0 it

HZ1 Cuel5 mRNA AR 5L

3 FHH/IER BALF RS ERMAL R Cxcll5 mRNA 1 Cxcl5 mRNA FiXLEE:

2.4 %4t hUCMSC-EVs 7 41 2% v /s U 41 22 .4k
BFfed 84251 LiF GPX4 & ik

5% REZH AR L, HDM-LPS 41 /)N Ui 28 27 b 7 42k
B AIN A EE N (P 19<0.01, &1 4A 4B) ,

GPX4 HE H £k /K TR (P<0.01,K4C); 5
HDM-LPS ZHAH ., HDM-LPS+EVs 21 i 2H 23 v 7 4 25
TR & 5 B B TR (P ¥9<0.05, 4] 4A 4B) ,
GPX4 R IAAKCE 38 hn (P<0. 05,8 4C) .



55 4 3]

R, A A AN IR 1] 705 290 M D5 A/ Y X6 P 2 P 7 M /) B

A B

25

P00l P<0.05 0~ _P<0.01 _ P<0.05

20k | | L |
e 3 8r
2 15k 3
< Eor
10+ o4l
= a4
= st ' 2

0 0

A[#E4  HDM-  HDM- AfiE4l  HDM-  HDM-

LPS4] LPS+EVs#] LPS4] LPS+EVs#l

B RAE R RE R 317
20 P<0.05
- 1
HDM-  HDM- ij
XHRZ1  LPSZ] LPS+EVs#l iy 15[
= P<0.01
GPx4 W N . R I —
BLBIEE S — gosk
=%}
@)
) ]
%tia41 HDM-  HDM-

LPS4] LPS+EVs#]

AL B B T B LU B A 2 b I i B LU 5 L B 1 SR BN A I 2L 0 GPX4 TR 1 AH X 2235 R Be i iF
B4 SHNMRMALPTHETF FA_EBESEMN GPX4 RiELLE

2.5 HUCMSC-EVs #7#] HDM-LPS i § 8 £ & %
bk fm Rk s T B IL-8 #7 CxelS5 mRNA & &

96 B 45 R B /R, hUCMSC-EVs 4]
HBE135-E6E7 2 i ffd 57 ] [l Hh 30 &1 €8 5 Ot 1 %
WRZH TCLL G (K 5A) , BiB] hUCMSC-EVs A %
HBE135-E6E7 41 ffd 45 H, 5 X M 41 46 Lk, HDM-
LPS 40 H W8k B 1 N R % & L & IL-8 mRNA

A

HI Cxcl5 mRNA A X 238 K 8 3 L FH (P<0. 01
%<0.05),GPX4 H AR KT BEF T (P<
0.01) ;5 HDM-LPS Z1#H [t , HDM-LPS+EVs 4
A Bk B N S i DA M IL-8 mRNA Al
Cxel5 mRNA 2R 3Kk 7K F- B & B IR ( P<0.01 3¢ P<
0.05) ,GPX4 A RKKFBETE (P<0.05),
JLE 5B-5F,

DIL DAPI Merge C
2.5 P<001  P<0.01 251 P<0.01  P<0.01
o =) -
2 8201 S
=y =) g 10
EXE]s El
= P
M- 1.0+ ﬁ
= ® @ S
2 g 0.5+ =
; = A
2 0 0
= 4§t HDM-  HDM- Affes  HDM-  HDM-
2 b LPS41 LPS+EVsZl LPSZ1 LPS+EVs#l
D E F
Lsr I5r 8 P<0.01  P<0.05
;< _‘< | | E—
HDM-  HDM- 5”5“ P<0.01  P<0.05 4%3 P<0.05  P<0.05 Hé
AR LPSHL LPS+EVsdl &, | Tl = o
1.0 Z 10 =
= z z
GPX4 jonns < <
= Z Z 4T
%{05 % s %
[] * = =
s
0 0 0
%figZf HDM-  HDM- %fig41 HDM-  HDM- %figs] HDM- HDM-

LPS#] LPS+EVs#

A SO B A AR

LR BRI =20 wm ;B . 25 20 200 Sk s

LPS# LPS+EVs# LPS# LPS+EVs#

O G A AL A N T R

FOAE s D 2 3R 1A A3 I S B AS I 25 4L 40 M GPX4 3k M GE it 43 #HT B qRT-PCR 25 4140 h 1L-8 mRNA ik ; F: qRT-PCR #:i

K LALLM Cxel5 mRNA 335

B5 J[AMABMPKIETHEISFREERFRELR

it

JR AR SRy — A £ 2 A A vy D R A AR
=R W), 15 W W A A 1) 2 A o A
JEIBT 2R 2 U ) A A L P R R
JRT, TSR T AT R GE Y R, Rl S R
WKL) |22 Wl S5 PR BT AR E ADUR , R F KT 5

3 it

I i 1 g B R B Ml D) T B R B I AE A
SRR T S A U ORI B R

WK E i 22 Wi ey s ) e g 2l A AT BTG i A 26 3 o
I RZ 42 fh P 35 0 R0 B9 1 9K A B A, R T
2 TN P 12 i ) 2K 9o AL o A8 BT B 6 T SR O
Tt ARG R R A - i 2 O R
F189 775 R A v R 4 e 2 /S BSR4 2R e



318 TSR A B

936

J= 2R 22 Wl A 3 T 5 B0 N BRI ) PR R PR A L i
T AR A A A2 HL BALE rh 48 4 248 i 0 v o 4
o5 i bR, BRI ARG 2 ; T %5 {8 hUCMSC-
EVs T 10 i 3 ol 38 <016 A Bl 2L, o8 A1 2% Wit /)N B
BALF o b7 20 Bt 4 %t #50im, F b & B, MSC-
EVs X b 41 i 22 W IR 9T A AR, Ak, 54k
hUCMSC-EVs Xf B Wit /N Bl BALF H o 4 0 41 i
Fb (R T B 200 ) 52 ma R B 3 (B A JRoR ) $R
hUCMSC-EVs 73 il H 14 7 41 i 12 1 1) [R] B, o] g
I [] A4 5 200 9 T £ i S A 4 i 25 At 6
P 200 ) it 7 s R

BRIET 2 — ol R AT 1) M ot ok 42 A SR 3 7y 1A
TEANAEAE T 07 2, B BN AR O B AR A S A (4N
B &R BT AL 5 (AN AR ) AN
AW H K R G D BE 32 Bt (1 GPX4 FaAFEAK) >,
5T 22 I | EEE W Mg £ <03 b R Al v A A
g B Al BRI IR R W, R A
JE ZHEHE G R 75 5 SRS | B2 HBE135-E6E7
Ui & AR RAET S, HAE R AR IR 2 WA 5 A0 B i A
RN BRAET/KF IR 8 35 T, LA 2, BRAE
T-HHI57] Ferrostatin-1 7 7] i & FRARAKR N 4h 2 22
WE-HE Z WA SR IET- K A, 7 kL
2 B I i SRR L T | Ferrostatin-1 7] 4 38 08 4% <3l
SNE MMFRRTEL 2 R BT S S
W i 114 A= 2 Je EL AT A AR T 2 X M I i 14 45 &
IBIT RS ZIHESE & B, hUCMSC-EVs 1] 1 i
T 4 B8 T AE B R IR T PR BURAE L, 40 Gong
A2 R B hUCMSC-EVs 1] 311 2 4k T IE 2 g
BRFET I Ul 40 8 I S50 1l P98 7 401405 ; Yang 2515 BF
58 B, hUMSC-EVs RJ Hl il fh 28 S0 8K 8 12 11 7 A
BRI T RIRIT I 1 5 LIRS A5 AR,
AWFFELE R B 7~ , hUCMSC-EVs 1] {25 3100 1] I i 7]\
SRk AR A1 02 g A Y o R E T A O A T R GE, R
hUCMSC-EVs A G 2 1) 34 b i 4 gk st T
oK A58 v P 40 B 1 s BRSGE EEL

BRACT I & B 0 R B 2R M PR B R, & A
55 S T O B R R A2 AR 1 Rk S
O =S A G 5 3 =R il 11772 i W = - )
RAIETIEREN 1L-8 A=, ERR ZHHA S0
I IAERR Y H | Ferrostatin-1 7] 38 1o #0040 AL 20 i 2k
FET AL R IA , MR O EZH 2 b CXCLS 4%
H bR SR AL R A ek L 5 A — 2, A
FEER N BRI 2 A T R R ARk
AERBET B[RS B 48 14 R F- IL-8 mRNA Fll Cxel5

mRNA FAXTRIA 7 W 3G 0, iR, 28 I
B AR AT T 5 3 SR Ak P R T e AR AR T
KRNI R AR P, AR AR R R A R EOR
hUCMSC-EVs T Al & # il IL-8 mRNA F Cxcl5
mRNA %3k, £ W] hUCMSC-EVs A fig i i< BH ¥ « 2
FET—SK A PRI Sl 2 17 9 2 3 /D S 488 v e
21 60 332 1 B S BTG

2i FTR 24k hUCMSC-EVs ] 4 %0 il 2 22
W5—Ag 22 A T 00 MR i R P e N R R
Al g5 hUCMSC-EVs il 32 <48 T Rz Ak se T
T R A PR A A 56 5 SR R A Ak AT
TR AT fig 38 o RO A - (40 10-8, CXCLS
) FASE PR R A 3 T hUCMSC-EVs 7] 38 12
VAR 2 38 I e % A RORE RN, SR T, hUCMSC-
EVs W% I Bz 4R FE T 10 ELAR S T WL A Rt —
RS 5 RIS, w20 B 3 e i ) vT B2 22 R &
VR 255, SRS 1 R AR FE T R b
PR 70 H AP TR LR 2 1 iR 5 OB, i T
— 05T,

[ &5 30k

[ 1] Porsbjerg C, Melén E, Lehtimiki L, et al. Asthmal]].
Lancet, 2023, 401(10379) . 858-873.

[2] Nair P, Prabhavalkar KS. Neutrophilic asthma and
potentially related target therapies[ J]. Curr Drug Targets,
2020, 21(4); 374-388.

[ 3] Simpson JL, Scott R, Boyle MJ, et al. Inflammatory
subtypes in asthma: assessment and identification using
induced sputum[ J]. Respirology, 2006, 11(1); 54—
61.

[4] Heaney LG, Perez de Llano L, Al-Ahmad M, et al.
Eosinophilic and noneosinophilic asthma: an expert
consensus framework to characterize phenotypes in a
global real-life severe asthma cohort[ J]. Chest, 2021,
160(3) . 814-830.

[ 5] Brusselle GG, Koppelman GH. Biologic therapies for
severe asthmal J]. N Engl ] Med, 2022, 386(2) ; 157-
171.

[6] Welsh JA, Goberdhan DCI, O'Driscoll L, et al.
Minimal information for studies of extracellular vesicles
(MISEV2023) ; from basic to advanced approaches[ J].
J Extracell Vesicles, 2024, 13(2) : e12404.

[7] Toh WS, Lai RC, Hui JHP, et al. MSC exosome as
a cell-free MSC therapy for cartilage regeneration:
implications for osteoarthritis treatment [ J ]. Semin Cell

Dev Biol, 2017, 67 56-64.



55 4 3]

BT AR A AN IR ) 705 290 M D5 A/ 3 Y 6 v P 2 P 7 M /) B A PR R )

319

[8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

Abbaszadeh H, Ghorbani F, Abbaspour-Aghdam S, et
al. Chronic obstructive pulmonary disease and asthma:
mesenchymal stem cells and their extracellular vesicles
as potential therapeutic tools[ J]. Stem Cell Res Ther,
2022, 13(1) . 262.

Ding DC, Chang YH, Shyu WC, et al. Human umbilical
cord mesenchymal stem cells; a new era for stem cell
therapy[ J]. Cell Transplant, 2015, 24(3) ; 339-347.
Dong L., Wang Y, Zheng T, et al. Hypoxic hUCMSC-
derived extracellular vesicles attenuate allergic airway
inflammation and airway remodeling in chronic asthma
mice[ J]. Stem Cell Res Ther, 2021, 12(1): 4.
B, sl SR, S N E) 585 140
RN M BE L X0 o 202 06 35 14 18 Wi /)~ Bl =0l R A ) 52
W[ J]. TEIRRFFAR (RS , 2024, 34(2) @ 138
144.

Xu X, Wang Y, Luo X, et al. A non-invasive strategy
for suppressing asthmatic airway inflammation and
remodeling: inhalation of nebulized hypoxic hUCMSC-
derived extracellular vesicles[ J]. Front Immunol, 2023,
14, 1150971.

Luo X, Wang Y, Mao Y, et al. Nebulization of hypoxic
hUCMSC-EVs attenuates airway epithelial barrier defects
in chronic asthma mice by transferring CAV-1[J]. Int J
Nanomedicine, 2024, 19 10941-10959.

Wang Y, Liu N, Xu C, et al. Nebulized inhalation of
extracellular vesicles containing SPOCK2 suppresses lung
adenocarcinoma progression via MAPK inhibition [ J ].
Discov Oncol, 2025, 16(1): 797.

T, ORI, AR, A N IR] S8 5T 40 M B
Fr LI WO TR R L Sk bR 200 75 S T ik P
LM I A T RS R [ ) ] YEIR K22 R (R 24 R
2020, 30(3) . 229-233, 238.

FABH, TR/, ARG, F. —Fh TSk sh P g
FACA G 25 % B . CN219332082U [ P]. 2023-07-
14.

Pasetto L, Callegaro S, Corbelli A, et al. Decoding
distinctive features of plasma extracellular vesicles in
amyotrophic lateral sclerosis [ J ]. Mol Neurodegener,
2021, 16(1): 52.

XA, fRiEeh, m, SF. R AR G F w0 A Ah i
PRI P 2 b 50 DA% AR BRI RERT ST [T ).
FEEE FBE2F AR, 2024, 45(12) ; 1265-1271, 1284.
Quan J, Wen X, Su G, et al. Epithelial SIRT6 governs
IL-17A  pathogenicity and drives

allergic  airway

inflammation and remodeling[ J]. Nat Commun, 2023,
14(1) . 8525.
Cho KS, Park MK, Kang SA, et al. Adipose-derived stem

(21]

(22]

[23]

[24]

[25]

[26]

[27]

[28]

(29]

[30]

[31]

cells ameliorate allergic airway inflammation by inducing
regulatory T cells in a mouse model of asthma[]J].
Mediators Inflamm, 2014, 2014, 436476.

Padrid P, Snook S, Finucane T, et al. Persistent airway
hyperresponsiveness and histologic alterations after
chronic antigen challenge in cats[ J]. Am J Respir Crit
Care Med, 1995, 151(1): 184-193.

Calderon MA, Linneberg A, Kleine-Tebbe J, et al.
Respiratory allergy caused by house dust mites; what do
we really know? [J]. J Allergy Clin Immunol, 2015,
136(1) : 38-48.

Krishnamoorthy N, Douda DN, Briiggemann TR, et al.
Neutrophil cytoplasts induce T} 17 differentiation and skew
inflammation toward neutrophilia in severe asthmal[J].
Sci Immunol, 2018, 3(26) : EAAO4747.

Wang D, Liu C, Bao C, et al. Inhibition of the
ATP synthase ¢ subunit ameliorates HDM/LPS-induced
inflammatory responses in asthmatic bronchial epithelial
cells by blocking the mPTP-mtDNA-cGAS-STING axis[ J].
Respir Res, 2025, 26(1): 219.

Feng KN, Meng P, Zhang M, et al. I1.-24 contributes to
neutrophilic asthma in an IL-17A-dependent manner and
is suppressed by IL-37[J]. Allergy Asthma Immunol
Res, 2022, 14(5): 505-527.

Stockwell BR,

Jiang X, Conrad M. Ferroptosis:

mechanisms, biology and role in disease[ J]. Nat Rev
Mol Cell Biol, 2021, 22(4); 266-282.

Zhao J, Dar HH, Deng Y, et al. PEBP1 acts as a
rheostat between prosurvival autophagy and ferroptotic
death in asthmatic epithelial cells [ J]. Proc Natl Acad
Sci U S A, 2020, 117(25) . 14376-14385.

Nagasaki T, Schuyler AJ, Zhao J, et al. 15LO1 dictates
glutathione redox changes in asthmatic airway epithelium
to worsen type 2 inflammation[ J]. J Clin Invest, 2022,
132(1): el51685.

Zhang W, Huang F, Ding X, et al. Identifying ALOX15-
initiated lipid peroxidation increases susceptibility to
ferroptosis in asthma epithelial cells [ J ]. Biochim
Biophys Acta Mol Basis Dis, 2024, 1870(5) : 167176.
Bao C, Liu C, Liu Q, et al. Liproxstatin-1 alleviates
LPS/IL-13-induced bronchial epithelial cell injury and
neutrophilic asthma in mice by inhibiting ferroptosis[ J].
Int Immunopharmacol, 2022, 109. 108770.

Lv X, Dong M, Tang W, et al. Ferroptosis, novel
therapeutics in asthma[ J]. Biomed Pharmacother, 2022,
153, 113516.

(FT#%3257R)



WISz, 55, G285 Lo A WA e (2 2 A7 S A BRI S A D RE AR Sk

325

(6]

(7]

(8]

(9]

[10]

(11]

[12]

[13]

Dement, 2018, 14(9) . 1171-1183.

Jia L, DuY, Chu L, et al. Prevalence, risk factors,
and management of dementia and mild cognitive
impairment in adults aged 60 years or older in China:
a cross-sectional study[ J]. Lancet Public Health, 2020,
5(12): e661-e671.

Gong J, Harris K, Peters SAE, et al. Reproductive
factors and the risk of incident dementia; a cohort study
of UK Biobank participants [ J]. PLoS Med, 2022,
19(4) : €1003955.

Prince MJ, Acosta D, Guerra M, et al. Reproductive
period, endogenous estrogen exposure and dementia
incidence among women in Latin America and China;
A 10/66 population-based cohort study[ J]. PLoS One,
2018, 13(2) : €0192889.

Bove R, Secor E, Chibnik LB, et al. Age at surgical
menopause influences cognitive decline and Alzheimer
pathology in older women[ J]. Neurology, 2014, 82(3) .
222-229.

Song X, Wu J, Zhou Y, et al. Reproductive and
hormonal factors and risk of cognitive impairment among
Singapore Chinese women [ J]. Am J Obstet Gynecol,
2020, 223(3): 410. el-410. 23.

Li FD, He F, Chen TR, et al. Reproductive history and
risk of cognitive impairment in elderly women: a cross-
sectional study in Eastern China[ J]. J Alzheimers Dis,
2016, 49(1) . 139-147.

BRI, IR, A8, 5. i s B H 40
TRAF IS 20 AR % R A S SN RE R SR AR [T ]
s BReA b Besrai, 2023, 45(5) @ 760-767.

Chou HT, Wu PY, Huang JC, et al. Late menarche, not
reproductive period, is associated with poor cognitive
function in postmenopausal women in Taiwan[J]. Int J
Environ Res Public Health, 2021, 18(5) . 2345.

Zhao Y, Hu Y, Smith JP, et al. Cohort profile: the China

[14]

[15]

[16]

(17]

[18]

[19]

[20]

(21]

(22]

Int J Epidemiol, 2014, 43(1): 61-68.

AR A B Sy e 5 A v [ 2 2 A P
LY 2R T AR ™ 2023 JRLT]. RAEEFR R,
2023, 58(1): 4-21.

Guo M, Wu Y, Gross AL, et al. Age at menopause and
cognitive function and decline among middle-aged and
older women in the China Health and Retirement
Longitudinal Study, 2011-2018[ J]. Alzheimers Dement,
2025, 21(2) . e14580.

FoEAE, Xk, BOUR, %. REZEIAAT R
BUR B HSEm R 2R [ )], BEE 54k 2x ) 2022, 35(2)
55-59.

Najar J, Ostling S, Waern M, et al. Reproductive period
and dementia; A 44-year longitudinal population study of
Swedish women[ J]. Alzheimers Dement, 2020, 16(8) :
1153-1163.

Gilsanz P, Lee C, Corrada MM, et al. Reproductive period
and risk of dementia in a diverse cohort of health care
members[ J]. Neurology, 2019, 92(17) : €2005-e2014.
Han SL, Liu DC, Tan CC, et al. Male- and female-
specific reproductive risk factors across the lifespan for
dementia or cognitive decline: a systematic review and
meta-analysis[ J ]. BMC Med, 2023, 21(1) . 457.

Xi H, Gan J, Liu S, et al. Reproductive factors and
cognitive impairment in natural menopausal women: a
cross-sectional study[ J]. Front Endocrinol ( Lausanne) ,
2022, 13 893901.

Conde DM, Verdade RC, Valadares ALR, et al.
Menopause and cognitive impairment: a narrative review
of current knowledge [ J]. World J Psychiatry, 2021,
11(8): 412-428.

Sochocka M, Karska J, Pszczotowska M, et al. Cognitive
decline in early and premature menopause[ J]. Int J Mol

Seci, 2023, 24(7) : 6566.

Health and Retirement Longitudinal Study (CHARLS)[J]. [ BHE] 2025-09-01 [H/E] MNEE
(E#&% 319 W)
[32] Gong Y, You Q, Yuan X, et al. Mesenchymal stem cell- epithelial ~ cell ~ ferroptosis  promotes  neutrophilic

[33]

[34]

derived extracellular vesicles attenuate ferroptosis in aged
hepatic ischemia/reperfusion injury by transferring miR-
1275[ J]. Redox Biol, 2025, 81 103556.

Yang Y, Gao L, Xi J, et al. Mesenchymal stem cell-
derived extracellular vesicles mitigate neuronal damage from
intracerebral hemorrhage by modulating ferroptosis [ J ].
Stem Cell Res Ther, 2024, 15(1) . 255.

Pan L, Yu Z, Xiang WX, et al. Cigarette smoke-induced

[35]

inflammation in patients with nasal polyps[J]. J Allergy
Clin Immunol, 2025, 155(6) : 1882-1897.
Li J, Xiao F, Lin B, et al. Ferrostatin-1 improves acute
sepsis-induced cardiomyopathy via inhibiting neutrophil
infiltration through impaired chemokine axis[J]. Front
Cell Dev Biol, 2024, 12 1510232.

(W= B ]

2025-09-01 [wEE] NZ2E



