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Jidi /)M L& %% (cerebral small-vessel disease, CSVD) 2R E % K HE RAEER, fRBEEAERT, B
EANOZRACIE, RRRERSE EF, SHSNFERRITESHE. CSVDRIRRRINR TR, HBR¥
BERFELSKTE, HAIRIEFERER N2 (Lacuanar infarct, LI) 5 A f 515 5 (white matter hy-
perintensity, WMH). i & &3 K (enlarged perivascular space, EPVS). [ HIfi (cerebral mi-
crobleed, CMB)%. JHEEB/EARRIER COEERER, HXTCSVDREM ALK 5K ERFEEZR,
H BN/ B s 5 3 IE [ B2 (low-d ensity lipoprotein cholesterol, LDL-C)¥EH7E H#r G B N, J5FF/ECSVD
RRREE. IR, HEEAREY, 24-S-REHHEEE(24-S-hydroxycholesterol, 24-OHC)ZECSVD H
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Abstract
Cerebral small-vessel disease (CSVD) is a common neurological disorder in China. Ithas an insidious
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onset but poses serious long-term risks. With the acceleration of population aging, its incidence
continues to rise, placing a heavy burden on society and families. The clinical manifestations of
CSVD are highly heterogeneous, and imaging examinations serve as the primary diagnostic tools.
Typical imaging features include lacunar infarcts (LI), white matter hyperintensity (WMH), en-
larged perivascular spaces (EPVS), and cerebral microbleeds (CMB). Cholesterol, as a modifiable
cardiovascular risk factor, exerts different effects and mechanisms on CSVD compared to large ves-
sel diseases. Moreover, even when low-density lipoprotein cholesterol (LDL-C) is controlled within
target ranges, the risk of CSVD persists. In recent years, cholesterol metabolites, such as 24-S-hy-
droxycholesterol (24-OHC), have garnered increasing attention for their potential role in CSVD. This
article reviews the processes of cholesterol synthesis, transport, and metabolism in the brain, with
a focus on exploring the pathogenesis linking cholesterol and its metabolites to typical imaging
manifestations of CSVD. It also outlines future research directions and therapeutic prospects, aim-
ing to provide insights for the precise intervention of CSVD.
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1. 5|

v /I~ 1fiL % 975 (cerebral small-vessel disease, CSVD) & — 4 LA P /IN ML 95 A8 A% O IR IR 5 A 1, I o
Skt VRIS PR RR B P R, ZEBi i CSVD RPUNKE E LR A 1E, 181 CSVD B L
IER, B 1R R T BN RIS | 1S Z RIS 2 MR TR B, T E N AR TR R . Sk MR
& CSVD 12 W7 1) bt , T ¥ BT S 7~ Ml B A A A 2 (L 1) 106 15 15 15 5 (WMIH) L% J# [ IRT B ™ K (EPVS)
A H 1ML (CMB) S RFAE M B[ 1] -

CSVD WML S 2%, H AT AR 8 A W6, OS5 PEsh M/ : . P9 B DhRERE S | 0L/ 57 b (BBB)
WIR . ek B St A DR R A5 AH G [2] 0 WEARRFFEIESE, AFe. mlfiif . JRE B R 4502 CSVD A7 fe
Rrps g, e e IR Bd s (R gk S AR REREAL . BN EvE . AN EE SRR S R AR N 2 5 BB, AE
ML — TR, ML S AR OG0 H A o G B IR 2 R E A (LDL-C) [3].
SR, JEAEIEFE R I, LDL-C bR 5 IA7F1E CSVD K AU, Hkos fH [ B A QA DGl 26 v] BE7E CSVD R
R J R R AR R AT AR I R (4]0 RELFEI AT~ (tn 24-OHC) 1R A b A JIEL 1 e e A 8 15 0 ot oy 1, 5
CSVD (SRR BRI FEHA o 2 SC AR S0 At 20 L T 7 P fi ARSI, TR N3 e 5 CSVD SR 3 4y
FISCBRALE], Sy CSVD Ml PR T T (it 37 B

2. BEEEERRMAREEE
2.1. FBEEEEIE R

FH T 00 7 s (BB B) F0 J3 e FH » AL 978 P O ] 5 e DA N o 2825, i PRy OB [ gt = 3 i M Sk B = 2
FE RN KRN, 2 TR I 400 Pt L T I8 5 i P B B3 i, AP et ] /b i & R [5] . 2 IR B4 iiE T Bloch
B, 2 24-JENH [E IR R EEAE AL AE R E [E S, phZe o)i@ T Kandutsch-Russel i& 4%, LA 7-% IH [ B
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PR 7- i SO [ ok vb (R) P24, FE 7- M S0 0H [ 50 L A R 3% A N BE E 6] [ 7]
2.2. BEERNEE

i P G S 00 I ] e 5 5 B TR T o 4 i - A B ARTE B 1 E (ApoE) 25 & T i e, e R TR M o 40
I H) ATP 454 G (ABC)HEIa B (1 /0 W R AU M AN, BRI #4308 =2 J6[8] [9]. & ApoE i 85 1 ] # Ji
Al LDL 32/ (LDLR)F LDL ZfktH%EH 1 (LRPL)NS4HL, Hrd LDLR 7F 2 /R 5 40 i h w0
LRP1 FEFRIATMHEIC[10]. KZEN FHMEIERG, ApoE WIPEFNZ R, iz i [ i 2 5
MR LT AFIhEE, OIMAMEE R EE . SRR S8R A B FUB [ 11]

2.3. BEEFRIE

NYERRIN A R AR A, i BRSSO BeibJE i TR @ 4 ABC #isHE
FEEA: @ #HAL VA I 24-S-F2 KL I (24-0HC), Hrh 4 = 43818 2 fe S I Ra 2 5 WL,
157 /0 40% A BRI B AR 1T [12] [13]. 1%k FE B ph & Jer S B CYPA6AL {4k, CYP46AL T 5 ik
PRI /N 15 S 4 0 225 A 2 70 o Ve R0, (3K S 4 i o o UL 1 I AU [12] [13] 0 P9 S 24-OHC
{0 2 TP A B A A3 BT (15 K N 6L 24-OHC 1) 80%),  FL /K ~F- 55 i A AEL o] 1525 B B AF S [14] . KB40
24-OHC 7EMR FEH0 B2 IR AN T 2 ok i 1ok 57 B NARTE IR, e AL IR B A N IR IR, 20 1% 1) il 4 24-OHC
AL HE A [15]

3. BEES CSVD Bk wiE

JH[EEE XS CSVD MM B X 7 AN 21— = RS (IME) G 7%, 2 fen 4 5
M AN DhRe . RS K R4 &5 7 20, TR T/ I s 2 oK 48 2R 40 PR I e P O ] e
WAL, BRSNS N BRI R S Ak I RE) R A SO S5 (L I R R e B . RIS BR) . BAR
Y44 CSVD MY SAR 3R IN, 43 ol )R T P A 2 T AR AT, 8 o) 5 8 T M g S O ] e X
FAN) 24-S-$4 3 H [F % (24-OHC) (1A% o R 5 VE

A1 JE g 55 (BA LDL-C HDL-C S ). =5 B i o 155 B (1) R e A A 520 CSVD KUK . & LDL-
C (Rt 4 S VEZ KRRk, R n] REANJEI /NS Ik (4 AR S AR A B4 T HDL-C BMERINTE RS 4%, W]
REAE KL Z I BA R EA, (BEMFULEZ, H5 RS O¢ RS XFERET 5%
S 1) AL £ R PR 3R (v T e ) B[R

oG P JE BRI 2R L R AR R Y, oL T A E K. A OH T aRE: R
FL R 28 0 0 R [ - 5 i R AT . R IE E S . DL RE AR =4 (W 24-OHC) X 11 48 7T ) R AN
P ¥ 2R G (A0 R S ok L B ) (R T 1Y o X R 3R L B S BUM A IR 4 D ReRRAG . R R K. LK AB 4%
BER ATERRACE FRE, 2 CSVD BN s i 1544 1) 3 B IKah N & .

3.1. ERBRSES(WMH)EXKER

3.1.1. ShAREEEERY B ERIPER

WMH 55 BRLEA 0 R W s g A, S8 vE sk AR O, {2 CSVD Bt WMH (195 81 5 2%,
O ELFE 0 B KRR TR | A I s st A M TR 2% (40 NOTCH3 JE [ 845 S 8 1) CADASIL), FF3EH
Al M AR [16]. BB RAT IR I A0 $27r, HDL-C/LDL-C HUE 535w T rp 8 8 ;R [17] [18], B
L7 e AL ] e 2 (I LA Pl REXE WMHL B — 8 I ORA o LA AT R 25 S ifi i x5 57 2
(R gfedr, Ao e ik 5 i I 2 1R Bl 5 PSR PR IS @ 1, 9D IS ISR R K, AT AESE WMH 3
JEE[19]0 IXARIIL T A JE AL XoF HG /0N 100 A 225 H) 1) T RE R AP KR
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3.1.2. RAMEERRES 24-OHC KB L{ER

WMH (14955 BR A% 0 A& 11 0 B A8 I 2 AR /0 8 0 Jof £ A 47 o o P I ] A A 5 B 6 75 B2 o 4
PR I ] 2 285 A T8 (a4 A A2 B v 2D R o 40 i A P ), K ELRR S BRI 12 B 5 4R R, ik
WMH [T R KBRS T 24-OHC 7E L 72 Hr 478 00U 1 (8 B S /E NI XS24 (LXR) B sh 7511 5 98 A
LEFifads: 24-OHC 2 N i HEL N JETE LXR Fofk. LXR ##0Ef5, 7T i ABCAL. ABCGL “54H
JOL PGS R A R IA Rk 0 A A B T s 3 ko A R 0 T 2 M (2 9 2 I 4 P e L i Ak 4 ) £ R
BREFRAS BOCHE . [mN, LXR BOEEA KPR RS, AR /N o7 40 M/ 2 T e o 4 k= A A1 ¢ 1R
F-(41 TNF-a, 1L-1p), IR M E 908, T ORI 20 T B 5t 40 B AN BB A [ 13] [14] - FLUk, Hoszma I i ¢ i (BB B)
Uifg: LXR BUEEREHE 9% BBB PN R 41 i [A] 55 %5 % #2851 (W1 Claudin-5, Occludin) )ik, [#{X BBB i
FPE, W AR, X AT RE XL WMH R 5 — B ZYLE] . A, WP 24-OHC /K1 58 %
RO W L AR B AS) T B 330 LXR (5598055, IRl 2 RE R BBB #dR, {2 WMH.

3.2. SMERABEERY K(EPVS)HIRKEL
EPV'S = %I IR0 A 18] S5 FB008 2R 2R 42075 ik S B FRe s (RIJR o it L2 R St Th e 52 45) [20]

3.2.1. ShERERES Ap HFIEREERR

WIRTHTR, EPVS Z 5w E. M 5eREs iAo, LupE 0 EPVS U5 fbide b B i 9 45 U A
S, FIEBIE I B UEMRETE (AR S B [21] [22].  AME BHE B FF 2 ] 8@ i (e 30 AB A (3 Bly-
3 WA V) ) R G U K R LA 95 (CAA)RE S5 1R EPVS, G L 78 2 B R v 0 [23]-[ 271

3.2.2. IMABEEER B, 24-OHC SRR E SRR ThEE

i AL AU 2R LA EPV'S B2 BE N B %, %O AE T E IRk @B D he . 24-OHC/LXR il
PEATIET ABIERR: IR RGEIERR AR SRR B, WFTORIL, WOE LXR E 50 LA E
WA Ag EEFIZEAWEIEEA E)XIFRE, AN A BIFE, M AB SRR
[9] [13]. MMk, IEH ) 24-OHC /K-t 4ERE LXR i1, fREE A WA RBGERR, B bFAE M5 Bl 5w
DURRIMTBEZE EPVS. b P JEL[E] it m 368 5 1 15 /KO8 25 1 4 (AQPAY MEFA M EPVS: 2 R o 400 g I 5 F&
BRI A KIIE B 4 (AQPA)TE R bk I 1 % 1y e v e OGS I [28] [29]. L1 e vy v 5 350 o 44
TR B [ (GFAP)RIEI N, (R0 2R AN 733 1L-18+ TNF-a {2 £ K F, 51K AQP4 Wik sk,
AQP4 [MFRIKEII AT T 2 Wk S5 M BV — A1 A #e S AR R i B e /1, E— 2B nE EPVS [ITE RS
HEJR[30].

3.3. Gt m(CMB)RY<EE

CMB A& /M E 05 5 B S IR AhS,  Fom BEIE Al 22 S i e 0 B I 573 (CAA) B ey L 1 i
EIRATHEAS, A vl 0 Nt PRES R AR EUR[31]. CMB A AR5 i IS P B2 4 B4« I A
BERERE IR UIA DG, mld . ik RIAE . & FE S oy Ha R R &, (HARE RS CMB B2 R MR B
Ha[31]

3.3.1. RS EMHNERS MERMY

CMB (1) 3= 55 BEEL Rl 2 CAA. i A IH [ AR 2 AB A I FLH], 52 CAA KA ELZHET. A
TE M BEYURR 51 R MV BE i AR PR YRBE, & S EUm B B I .

24-OHC W EH: [FFE, 8T Bk LXR /-SRI AR GRS, EHH 24-OHC 7K1
BT R CAA L& B fumr, W REXT T CAA #155 CMB BRI ER . 2, 24-OHC R 7
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ATREINE Ap LR AR JRE, B CMB XU .

332 S EEEENERAR
IG5 BH [ B AU LDL-C 7K F S5 CMB (5 3275 CAA) KU I INAH 56, $27 H AT B ) 99 1L BE 1) 52
BB BE /1[32]. 18 HDL-C 78 Ui /e J2 1 U AT i 55 100 8 B fg ek s A %

3.4. SEEBRMRGEZE(LI)RYKEL

L1 A8 1 B I E S R 67 T SR B2 J TR B AR B3 X /NBESE, 2 /NI E R i Rz —, 5
AN AEAE AL, [ A 2L 512 ) I Mok o Ao R A s R A AR A i L ) L R, L T e ol o 4345 Y
Bz, WA GRS SEAC RS S BUNF SRS IE, TR AL, BB KB B A 1 sl 2 7 S0/ ah
fik, 50 LI, E5EEMEIEAR R, LIRS A RN RefF A F R, A HE7T4E H[33], LDL-C
5 R B PE R SEAL (8~20 mm) &35 IEAHSS, 15 /N AU R SR LI RESEAL (<7 mm)TEo%, BRI BRI A2
(8~20 mm), AT HEVA A FREN BRI FEEAL , (BN IR AL(<T mm), WREVAA T ARIE W AR TE

4. RE

JIEL B4 Ry i () IR AE A Fa b, FLAE SRR B AR AT Ak K K I 93 42 o () S 55 2 WA, (B4 CSVD 1Y)
YERBA R MR B . IRNPRZR IR B & FARE =% CSVD HISEmapLE], 7] A CSVD KT i fit
P, HAT S A AE R KSR IR e R RS RIS, IR T U AR B
By PRI R EHIZ A O, DU YTE. DUHRSS. APOCS ##7). PCSKO 15, omega-3
g 7 P 5 B i 25 039

ARRH T 75 33— 2 B IE [ B 4% CSVD B4 WL, 13 BHAS [ JIH [ REE 24 (40 LDL-C. HDL-C) /%
(1 24-OHC)E AR FIZEAL CSVD H R IR, R IGZ% CSVD MRS HERTT AR, N
SEPL CSVD ML 2 I 5 iR TT SR (BRI

SE
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