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A5 — 2T Y {5 ( hematoxylin—ensin , HE) FlJ& [X (nissl) YA NS KT 2H 245 K 5 Tt He H 8 W02 I 5 1 ( enzyme linked immunosorbent
assay, ELISA) &0 i35 ki 2 2R 20 B 24S—O0HC 7K - 5 fl i 16 46 00 i 28 2RI 240 B 2 JIEL 76T 85 (total cholesterol , TC) 5 H il = g
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A I8 JF i (3—hydroxy—3-methylglutaryl-coenzyme A reductase, HMGCR) | 2 iff {2, % P450 K Ji% 46 W K J& A i 52 1 (cytochrome
P450 family 46 subfamily A member 1,CYP46A1) \FEE4HH SCTE [ 408 9 28 P AR B 1 X1 T 2A (eycelin—dependent kinase
inhibitor 2A, CDKN2A/p16) . £ ifd J& 1 26 4 4000 1 84 B 40 7 51 7 1A (eyelin—dependent kinase inhibitor 1A, CDKN1A/p21) (B2
AL ZH 35 1 (phospho—H2AX , yH2AX) Rl iR & WAH 56 40 T B i IR BE A A 210 A 1 (stearoyl-Coenzyme A desaturase 1,SCD1) |
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(differentially expressed genes, DEGs) , Xf DEGs #4735 [H A& (gene ontology , GO) Fl 5T AR H A 15 FL K 4H ' L4 (Kyoto ency-
clopedia of genes and genomes , KEGG) & H 5317 ; S AH G B 2P FLME 17 (senescence—associated B—galactosidase , SA-B-Gal ) L 4,
VAR A0 52 1 B0 ;s BODIPY Je (LA AN M AR T 25 AU 00 o B3R - 9 SR U ARG, i S A e o 2 5 R 12 8 L (P=0.573)
Nissl B (0 B R A7 A 2T R H D 5 13 24S-OHC/KF-THi , I 4 24S-OHC A1 TG & 13 2, TC 3 i > (3 P<0.05) 5 R[4
A U HMGCR 2235 4G , IR [ B 53 i CYPA6A L FRIA T+, pl6 . p21 Il yH2AX FRIAHG N (34 P<0.05) ; 5 SR = 5 R s 7
GO 3BT Hh 98 RE 38 % 5 1 o AF OG5 4, 7E KEGG 43-ATT s Big 19k AL IsE 33 i/ 2 11 8% B (phosphatidylinositol 3-kinase/pro-
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Ft, 24S-OHC 4140 A TC AN TG & 5 F5 22 (3 P<0.05) s 41 L A AR T 5 Bt W 244 22 (P<0.05) s HMGCR H CYPA6A 1 IR FFAIE
SCD1.FASN I SREBP1c & ik F+ 5 , pl6.p21 Fll yH2AX KK F+ 5 (3 P<0.05) o &5 18« 1% % H 5058 & '~ I8 HMGCR #1 L 4
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Mechanistic study on the promotion of neuronal senescence by
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[ Abstract] Objective : This study aims to investigate the impact of
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(2026-01-27) hippocampal neurons treated with hypoxia were divided into control

hypoxia on cholesterol metabolic homeostasis in the brain and its ef-
fects on neuronal senescence. Methods: C5TBL/6 wild—type male

mice aged 8 to 12 weeks were randomly divided into normoxia (Nor-
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(Control) group and hypoxia (Hypoxia) group; HT22 cells treated with 10 wmol/L 24—hydroxycholesterol (24S-OHC) were divided
into Control group and 24S—OHC group. Brain tissue structure was observed by HE and Nissl staining; serum, brain and cellular 24S-
OHC levels were detected by enzyme—linked immunosorbent assay (ELISA) ; total cholesterol (TC) and triglyceride (TG) levels in
brain and cells were measured by microassay; expression levels of cholesterol metabolism-related enzymes HMGCR, CYP46A1,
senescence—associated proteins p16,p21,yH2AX and lipid synthesis—related molecules SCD1, FASN, SREBP1c¢ in brain tissues and
cells were detected by Western blot; expression of CYP46A1 and yH2AX in brain was examined by immunohistochemical staining;
gene expression profiles in brain tissues of each group of mice were detected, target differentially expressed genes (DEGs) were
screened ,and GO and KEGG analyses were performed on DEGs ; cellular senescence was evaluated by senescence—associated B—galac-
tosidase (SA-B—Gal) staining; cellular lipid droplet accumulation was observed by BODIPY staining. Results : Compared to the nor-
moxia group, the hypoxia group showed no statistically significant difference in brain wet weight (P=0.573). Nissl staining demon-
strated a reduction in surviving neuron numbers in the hypoxia group. Serum 24S-OHC levels were elevated , while cerebral 24S-OHC
and triglyceride (TG ) content increased, and total cholesterol (TC) content decreased in the hypoxia group (all P<0.05). The hypoxia
group displayed reduced expression of cholesterol synthase HMGCR, increased expression of cholesterol catabolizing enzyme
CYP46A1,and upregulated senescence markers p16,p21,and yH2AX (all P<0.05). Transcriptomic analysis revealed enriched inflam-
matory pathways and lipid-related pathways via GO analysis in the hypoxia group , while KEGG analysis highlighted significant enrich-
ment in aging—associated pathways such as the PI3K—Akt and p53 signaling pathways. Hypoxia—treated HT22 cells exhibited reduced
TC, increased 24S-OHC (all P<0.05) , downregulated HMGCR , upregulated CYP46A1 (all P<0.05) , elevated p16, p21, and yH2AX
(all P<0.05) , and more SA—B—Gal—positive cells. 24S—-OHC—treated cells displayed increased TC and TG (all P<0.05) , lipid droplet
accumulation (P<0.05) , reduced HMGCR and CYP46A1, upregulated SCD1, FASN, and SREBPIc, and elevated pl16, p21, and
yH2AX (all P<0.05).Conclusion : Chronic hypoxia induces abnormal 24S-OHC accumulation and triggers SREBP1¢/SCD 1-mediated
lipotoxic senescence by downregulating HMGCR and upregulating CYP46A1 expression.
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Ji5 B (3—hydroxy—3—-methylglutaryl-coenzyme A reduc-
tase, HMGCR) 1 [ it i1 55 JC 1 45 5 4 1 1c (sterol
regulatory element—binding protein 1c, SREBP1c) i
PEA L, AE T AN BRS04 it I 5 B, 75 2
2570 Hh i 1o 41 5 K PASO FRE 46 K5 A L5 1
(cytochrome P450 family 46 subfamily A member 1,
CYP46A1) fiff 2 1k 24— ¥ 3& 0 [ i (24S-
Hydroxycholesterol , 24S-OHC) 4" G8 HF ) KMt i
PR AT FE W, T st A3 25 L A5 Bl 2 o ot R
(Alzheimer’ s disease, AD) . 114> #% 9% (Parkinson’ s
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TERYIE 1D ik A AT A ) 2 B T, 248~
OHC AL HFIE X 32 {4 (liver X receptors, LXRs) A%
e AR BN R, I IR A A 2T Th e
OGRS BE I8 5 5 0 Ay B T 9bk L 40 17/
5 T K B 40 L (T-helper 17/regulatory T lympho-
cyte, Th17/Treg ) P~ FVKH 5 575 B I K 52 Wi R figi 45
D3 VA e > MeAZ I RED . Sl biF S8 UE SR AD JR 4%
I 24S-OHC KPS TH i, i FLmT REAE b
ZRATHE R A bR S SR RERS S R 2
IRAT AR, SR dife S0 2 08 IR JIEL ] A 285 AR (B AR Y
S NS AE A 2D ESE .

20 JY 5 2 S — S B A A5 1k o3 BT A T
IR A R Y A AR PR R
(phospho—H2AX, yH2AX) | 4i g J& 391 25 1 A8 st Pk 1%
fitg $10 1 [ F 1A (cyclin—dependent kinase inhibitor
1A, CDKN1A/p21 ) 20 it J&] 199 2 P A0 o6t A il 410
il I - 2A (eyclin—dependent kinase inhibitor 2A,
CDKN2A/p16) 55 85 1Y 55 F 5 LA S Mg £ 1 pS3
(tumor protein 53, p53) {5 7 i 1) 5 P& UL
S, 5 I Tt LR 3 9 /25 11 RS B (phosphatidylino-
sitol 3 kinase/protein kinase B, PI3K-Akt) & 5 1@ i%
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Sy Z M AEAERE R, Q0 AR e P ks
FRE N 3 UL ast A% A8 Ah 5 5 AR, UL AR 9 &
B, 24S-OHC fE 815 T L b AR D REFR A5, 3X —F¢ Pk
TEVA T FALIE RS  JRE RS DA SO 2 A0 st T
S5 T A 2 R B R VR, 3B I A
T T G A A AR ARV R 5 EL I 4% (R 4
Qoo 3 3 A s AL T A 3 il 0K 3 i S B4 43 AL
HAA R~
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PR A K H 5 A 22 0 5 LT, 48 7 Bl S L]
A L 2 5 A 2 0 22 ) ) ST Ay Bl S A 451
P A= PR FEML R RS2
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1.1 SR3ttst

LI1 ¥ 8~12 Ak Y CSTBL/G6 BF A R Ik /INER 40 HIly
A ZS ZEZEE RSP O mFR T SPEIE RS b, E N
R 22~26 °C, 1 N 50%~60% . G HEJE I 12 h/12 h B
% 3 (BEBH A 1] 8:00 2 20:00) , 32 56 A 18] £ S el Al Ak 7K
. ISR A S e S 1 SR B ) (e
SEARIE (SR B 5 . TACUC-20230049)

112 4 HT22 /) B 5 28 50 4i i (Boster 23 1], 5%
5:CX0146).

113 FERH 508 B-actin, HMGCR .p21 Fl p16 Hi ik
(ABclonal 2% & , 4% %5 : AC038, A19063, A19094, A0262) ;
CYP46A1 Hi 44 (Proteintech 23 1] , #%%5 : 12486-1-AP) ; il i
o %l B A 2% 10 F1 A 1 (stearoyl-Coenzyme A desaturase 1,
SCD1) FlBg I R & Bl (fatty acid synthase, FASN) ¢4 (35 [H
Cell Signaling Technology 2 ®] , %% 5 : C12H5, C20G5) ;
SREBP1c {4 (Novus A Fl, 58 5 : NB600-582) ; yH2AX 144
(Bioss A7), 525 :bs—3185R) s BT A Al Bl 0 (£ [E Abcam 23
Hl, 875 : ab6721, ab6892) 5 4 Jf 3% 2 AH 5C B2 FL B 1
(senescence—associated B—galactosidase, SA—B—Gal) AR R
& ERUEE B R AP AR LT, 5175 :C0602 ) 5 24S-FE I H [F]
i il B G RE W M % 5 (enzyme linked immunosorbent assay ,
ELISA) kil izt 50] £ (Fo8) KA AE R A BRA D) 5 48
JIEL & 5 (total cholesterol, TC) 5 H i =Bt (triglyceride, TG) &
A I R & (L st FE R E R A BR A A, 525 : BC1985,
BC0625) ; 8 B 5 Ak 2 & G (BT 5 2 42 35 A= W B e
RIRATRRA AL, 1895 :10144-2) 5 B RNA $2BUA T (total RNA
extractor, Trizol ) ZLfi# ¥ , BODIPY 493/503 Y% % Fil Hoechst %
% (3£ [# Thermo A A, 1845 : 15596018CN, D3922, H3569) ; i
B S RE DUTE 1 2% W (radioimmunoprecipitation assay buffer,
RIPA) (IR & RAEYHAR AR, 185 : PO013B) 5 5O i3k
Bi(HZR Olympus A #] , B 5 . 1X83) .

12 ¥k

121 SR MGERE  Sh s o3 20 KOs A k) BB AL

Ay R 2 H (R32H n=20) : F A (Normoxia ) 20 . Bl48 Hypoxia)?ﬂo
Hor Normoxia 41/ VB F 5 MUE SR E T 1@ 57 , Hypoxia 41
IN B TARES 4 (8.0 £ 0.5) %48 & 12 BI85 55t
TR 14 do ANESC R A 21 Be i B - HT22 AR5 95 T 4
A 10% B4 175 (fetal bovine serum, FBS) 1 1% 35 5% 2% /4555
FE AT AL [ R Eagle 1557 (Dulbecco”s modified eagle’s
medium, DMEM) H, & T 5% CO0,,37 “CAHMI S I-4 P #EAT 5
HEEFE . OIE # X HE (Control ) 41 ¥ #0537 ; Qi 4 52 16
(Hypoxia) 41 & Fil A A S M (5% CO,,94% N,, 1% 0,) I
Tl S 1 IR A P B 9 24 h; @425 24S-0HC 525 (24S-0HC)
W HRIEFRAME T AR P I AR B 10 pumol/L 1)
24S-OHC }5%: 24 h.

122 WRVRIBE  HS X /N BRURERS , T B 2 205 H
T () B 2 £ 2% wh I (phosphate buffered saline , PBS) 15 1 ,
WK GORK G TR TR AR, il RS e T, 2 )5
AR, H T 8e50 5 .

123 HEUEAHT B3 XS /N ERURBES |, A ML @ i
M, 75% CEREFERIETR , BYIF B BRI 2 8O, 20 =R A
WERLER L B AT O SRR AR 1 TS PBS, Y IEAR 5 )
e 25 49% 22 B FEEME T, T2 ) VU i L, R A ik s
A 4% 22 5 P VA 8 K G A A, DAL S wm
YR AT NER . $i B (0 )7 S8 4 il el AR 1 264 7 95
AKG LT e ( hematoxylin—eosin , HE) F1J¢ [X ( Nissl) 4Lt |
FER AR N WS T IX LA S R B 2

1.2.4 I JWZH UM 24S-OHC S5 AG I I 1 FR 5
SR PR AR/ R A MARA T 1.5 mL EP 45, 28308 1 h, 3R
J& 3 000 r/min 250> 15 min, BSR40 SURE AR 2
B 6 % /N LR 41 40, 2 158 PBS(pH 7.4) Wik s , ¥4
RAH U (@) PBSRFR (mL) 9 1:10 B9 He A5 047 0K ¥ 20
32,5000 g,4 “CE L 10 min, B E ISR 4 I0AE S AL FE .
&1 PBS R i VR A0, SR S5 AR (1 T4 4L , 800 r/min B3
03 min 5 SR ARG, TEUTIVA 19 PBS $E4 3k, 1% B4 1 x
1021 FR N A 200 WL PBS Ak F vk v 48 75 {6k 200 it al e
1500 g,4 °CE 0> 10 min, B 3ERI . 4% 1 24S-0HC Bk
oS3 W BRI 5 3300 6 10 I 5 15 1) 9 15 I RE G I 24S—-OHC
i, BEAR A 450 nm A0 I OB I TE 24S-OHC & 4t L
ng/mL IR, I 4121 24S-OHC 7 2 DA ng/g I 4 210w , 41
24S-OHC &7 IS I — L EE#R

125 TCEHHARM 2R S8 - B 6 % /N BRI 2
L2, Fie 8T i (o) S5 3R U AR A (mL) 1= 10 A B AFT N A
SRR A PR BOR , KA & T 513K A0 3, 10 000 g, 4 °CE§
A 10 min, B TE B K EARI . A0 HRE & A R RS A
UM, WA R B B 048 N, B0 3T B L L mL SN EE,
PR B P I 4 L 10 000 g, 4 “CES.0> 10 min, B B vk
AR i R TC B DU ) 15 B A X A5 30 A 1 AR A
AR A, AR A 420 num AR 0 7 WO REE |, ik 28 2 L[] e
TR DL me/g I A1 2R AN TIH [ B 45 4 0 —fh B
HIR.

1.2.6 TG S RAM B 6 X /0N BRI 2 o 2 27, 74 HR 41
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AU (), SHRBORAF (mL) 1: 10 # FL 1IN A IE B8 - 5
PIEE (121, VIV)IR AR EUR , T okia &1~ 519K ,8 000 g,4 °C
B0 10 min, B E AR 4% 18 TG &7 B A ML) £ 1 B 45
/s BN 2 ZUH v =R &, B AR A 420 nm AR 2
J& (absorbance , A){H, Bxi 41 20 H il =g % &= LA mg/g AN 4L 236
718 A A H I R LA L BB R

1.2.7 FEHERGEEEN I (Western blot ) 546 ki 2H 24 #0 HT22
(8 R RKOF KA e R 21 6 FLAR B2 FP 2% 1 3x10°
AL, 75 2000 B S (ol S8 AL B 24 h SN2 4B 24 b, Fi RIPA
S (5 PMSF KBl 2 W41 0 70) ) 7 Kb 2464 44 JHd 30 min,
B0 (4 °C, 12 000 t/min, 15 min) J5 WA F i, W B2 L il
FABCA L2 &, # A LI INA /4 KB 5 x Loading 2% ot
W ,95 CAEFE 10 min. ZHEURE S TG 2 %/ AbSE S
TR TS B [ A0 B , 2 9% /0 iR R , 9 03 R, i A RIPA 224
fif T8, T VK 1 Polytron ZHEVS I MLIEAT 530, 519K 58 WU
AR RS, 4355 2 mL EPAS P, T4 °C 12 000 t/min
B0 10 min, YRBE BB T 1.5 mL EPS i, IR 20~50 pl,
HFEAE R, HAAEASRIIMA /5 RBUH 5 x Loading 2%
IR ATE T 95 CAERE 10 min. 453 A9 41 FNZH ZURE K
RIEATELIK , e, B 4], 4 °CHF T —PL (B-actin, 1: 10 000;
HMGCR, 1:1 000; CYP46A1,1:1 000; yH2AX, 1:1 000;
pl6,1:2000;p21,1:2 000;SCD1,1:1 000;FASN,1:1 000;
SREBPlc,1:1 000) 4%, ¥ H FH & ki -20 A BE R 5 28 mh il
(phosphate buffered saline with Tween , PBST) 134 3 3 J5 Il A
ZH(1:10 000) EIRIEE 1 h, ECL IR R & B O4AR, F
HH Image J 344X B8 (457 EA T IR BEAE 07 -

1.2.8  GPEALMbaEgetn  /NERO IRV L 5152 5 B4 M , il
N 4% 22 B VR T T, BEA TR K S A7 A, 65 °C 5
F, W AR BB PBS Uk 3 U IR IR £h 2% n
% (PH=6.0) #1750 B M5 &, PBS Y2 22 WK, 0.2% Triton X—
100 %5 10 min B L LY, 3% 13 EALEIFF 10 min LAY bR
PR et R A I, B FF R L3 i 78 3] 40 min, FB 25 3]
W, A CYP46AT HLAAR (1:200) FIyH2AX FiiA (1:250) T2
BN CCIEE IR 2 REUH G & IR, PBS B3 G A
BAR 1 S8 AL W i (horseradish peroxidase , HRP) WRic i — P,
37 CHE R 40 min, — & 3 B 7K % (diaminobenzidine , DAB)
WA, Z I AR E Y0 2 min J5 0L (1% 2k 418 ) , Ak
ARG VER W, B R 2 e W AR KR R A
BB TF MBI . R Tmage J B3 AR e i
(integrated optical density , 10D ) FI45 2L H A543 A X 38 T AL
(area) , 713576 % B (mean density) , TFEA K SE %
B =B B A /I DX Sl A

1.2.9  RNA-seqillJ¥ K40 B 3% /N, A B8 5 s B
Sy, BN i R ER , TG A TR PR B R R
-80 CrKAf . = RNA4REL LA Ei{l 21k . cDNA SCEER
A I S R R BOBRLE B A BRAS RS2, R4S
UG AL LR A FE D R o L I P AR 2 i AR
PRI R R AR 15 8 2 A HISAT2 HEAT H X, R
JH Hiseq—count #FAT Kk b it . )5 , FIH] DESeq F /162

(Padj<0.05 H.llog2Fold Changel>1) % E 2 R RIA KA, £ 5
IR B A ) R T R N 5T 4R 3 3 0 3 B AR AR (gene
ontology, GO) T HPHE A 5 3 K 21 F B 445 ( Kyoto encyclo-
pedia of genes and genomes , KEGG ) B A2 M K 5E A -
1.2.10  SA-B-gal Je s M4 w2 RE 7E 1240 AR P T
SE A K HE 1 Z 8, UL 1x10° R4 il T 12 LA
WH R AN RE S, 23 AT R A A AL B, Ak S 3R
24 h W BRANMIEE IR, FH PBS PR 11K, JINA 500 pL -2
L T 4 € 1 52 VL, 2 L T 52 15 miine PR IR 400 1 52 T
JH PBS VEC A 3 Yk, 4K 3 min. WRIER PBS, 4% IR 5 & 1t
HAT 5 P G € T AR TR, LI 500 L TAE 37 CF & it
R, G B TR
1.2.11 BODIPY Je{t 78 12 FLAR A 11 26 I A K B 1 55 3%
F ABREAL IXT0° AU R T 12 LA, Y H B b 4 it i e
J& L SEBG AN AL HRE N 10 pmol/L 1) 24S-OHC, X} B2 A
HEAFAEAT AL 30, KSR 35 24 b W B0 B 350, £ 0 3RS 10
PBS V1 3 K, A 4% 2 3 FUEE [E 7E 20 min. PBS PRI
33k J5 , 71 45 FL i A BODIPY 493/503 %¢ e B % #e &
1 wg/mL({f F PBSFi B ) , % Tl ik S 4% (5,20 min, i FH PBS
TR 3 UK, BEUK 5 min, BEFLIDA LR A 1 we/mL ) Hoechst
33258 LW , ZE IR MEOLIEE 2 min. PBSIHUE3 K, B YK 5 min,
B K Z 63 B R Ja B TR0 BAGE PSR IR
13 %it®sk

S H 5 R FH GraphPad Prism 9.5 #{F #6147 43 M1 M 2
Bl TR AR = ARt 22 (v = ) B, 0T A Bl k47
TE RSPRS00 0y 22 52 PEAG 06, 2 4118] Ho 58 R Bk SRR AR 0 46
¥, IR a=0.05

2.1 BRACFEC RN A2 ] BRI AL S

I £H 2P0 B2 DAy S 7S S 2 R S 4 T 4 /N B 2 T
IR 2% S C e H 24 L (P=0.573) (18 1A) , {H Nissl Qe (2%
SR A AL, SR A S X R kR 2 o H s ([
A5 FHES ZE L , M R S8 50 4 28 0 e M AR/, e 8
AR B H > B AR ZEEL (1B .C) , R AT 4 57 1
BRAAUASI Y 15 BT B S ARG, 10 B I SR A A A A
AT, T ELISA & A 43 BT & B, i 40 4 I ¥ 24S-
OHC % 1 1 &2 F+ 15 (P<0.001) (& 1D) . % &5 24S-0HC 3
B A SR ARG T T P 24S-OHC (175 1, & B
P et ] 2 T (P=0.003) (81 1D) o 24S-OHC J2 fIH [ i
AR, o SR T 12 o = B, 5
AR SR e LI 2 5 R AR (P=0.017) , 3 =
FrEFE (P=0.011) (I 1E)., Western blot 53R , % 4
A1, e G2 I P S B Tl IMGCR 26 15 7K 7 W 2 T
(P<0.001) , 771 L [ B A1 HE G B il CYP46A 1 23K 7KW 1 Tt
= (P=0.015) (B 1F~G) . VA &5 R HE/R B AR FE/N R 14 d
S 7N SR PR L T st A, R AR i
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