- 622 -

X E4S:1003-2754 (2023 ) 07-0622-06

J Apoplexy and Nervous Diseases, July 2023, Vol 40 ,No. 7

doi: 10. 19845/]. cnki. zfysjjbzz. 2023. 0144

1 G V0L B 4 R 0 0 2
BRI 53

AEm'?, & B & #F, KRTE R, FREIFER

B OF: REMRAREEE (CCH) 2 Ui PR (VaD ) DA RS A ¥ 70 3 205 B D R i B ML 2 2 2
A H I A B A 2 e T B BRARFAE , 55T CCH T BOA A B A (9 B A AL i 48 P ik 8 S A 512 19,
i i 2y R e R 22 S S T T S P15 7 ) B B DR o AR SRS 5 742 -5 LA P R 1) 5 2R L Rl
G VaD HP i SO AL TI8ZE VaD 1 %A A JEHERT B % VaD AL RIS B HAf iy or s A TR &, AR VaD
YT RL R HL A A IR

KW MR BRI A R

HESESR749.173 SCHRARIRAG A

PHEEPERRAE s LN

Research progress on the mechanism of cerebral white matter lesions in vascular dementia caused by chronic cere-
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Abstract: Chronic cerebral hypoperfusion (CCH) is a potential important pathological factor leading to cognitive im-
pairment in vascular dementia (VaD). The pathological mechanisms are complex and diverse ,with cerebral white matter le-
sions being the main pathological feature ,which is present throughout the entire progression of cognitive impairment caused
by CCH. Dysfunction of the blood-brain barrier and neuroinflammatory responses caused by chronic cerebral hypoperfusion
are important causes of cerebral white matter lesions. This article discusses the relationship between cerebral white matter

lesions and VaD and the improvement of cerebral white matter lesions in VaD to slow down its development and progression,

and explores the mechanism and therapeutic methods for VaD ,aiming to find therapeutic targets of VaD to prevent its occur-

rence and improve symptoms.

Key words: Vascular dementia;

mation; Blood-brain barrier

M4 PE % % ( vascular dementia, VaD ) 2 4% 9 Jii
A8 PR 2 00 L 9 o -5 B0 R 488 P ol 0 S 2
( chronic cerebral hypoperfusion, CCH) 1fij 5| {2 i) — &
FNHEATHEA RN RE 52 450 Ry 2R A I R 255 1k
ARk, B CCH 5| B2 DA F B (0 AL ) 4 ) 42 4l
B, EAE NI P SAE P22 T R LI RERR A (2K
KR D) RERE AT S BN A & CCH Ji5 VaD iy B 2 00
HLA o e AR I A e B R R
(white matter lesions, WMLs ) >k S 4R, iV 7 AN
RS RN BT A5 0 AL RIS MR IR S Rk
P TTHE SR F N 5 722 o VaD TR F&e i 1) o 2
TEERILRE ', b A 78 5 SO 2 2K B I A R
TR A5 — ZR A 5 2 i LA P A 18 P Ak I 1
B 1B 8 AT VR A N S R BRI A 1 TR0 4
PRAAYTHE A o ASZRIR BEIAR T VaD Jil BT A 1Y
FEE LB , G0 A B 0, A 22 A b
Z TS 2L VaD DA RS, 4 S 1 1 5 2 RE R A

Chronic cerebral hypoperfusion;

Cerebral white matter lesion;  Neuroinflam-

A DR 722 0 TPk R D 194 B 14 )5 ) B2 A ) = 2y
fiE, FFPHEA KB HNGS TGS VaD il 5 22 A1
KN BERG HYRTT s o

1 CCH @I ERE. MKREERGEL
WMLs SEIARES

i i 57 IV A 4 45 il L A5 5 8 M R0 D e ) 4
F, FEAN 2B AT M RO R A5 v 34 I i o e 1)
5" MR FERE (blood brain barrier, BBB) Ijfig i
T2 508 P A 1 WMLs 4 5 2 22 % MLl 2

s B #5:2023-02-15 ; #£1T B #A :2023-05-28

E2WMB: 2mARHEAA S5 TG1H, am& hEZ %0 FAEY %
H RS E PRI (2019DG016) 3 25 T8 BFAH RT3 R FHE % 10
$181 (202102AE090031)

TEBBAL: (L. mp PR 2R SE R R 2 e, = j 2B 65050052, =
MA TP RS AR I, w8 R 650500)

BIE1EE 8B PE, E-mail :nini577@ 126. com



PSS HZEPRAE 2023 457 H 540 457 1)

—, ML PER U RIS BE R R 5 1 i e s 1) g e
B VIMI G . Roberts 25 5 3 XU 35 3 Jik bl 7%
TR 55 0L A5 1 48 27 E BA BBB A 3G A 41 i 41 56 5
(extracellular mesenchyme , ECM) 725 4k % A= 78 XUl
BB IR Z J5 AN A8 224 1 DI I A e e
I A A e T P P 453 9 1% 730, 35 W ot A e B
ISR B I PR o 4 (s B A o SO RIFSR 4 1
G J B e U T A A 55 N2 IA I BE ) B S i 0
HEIRRE o DRI L RG J A 475  1  E
T VaD J A %) B 205 A

L1 iAo 450 0 0 S ) 2 ety ol A
i W b O A0 1T 257 P R 20 L TR o A L 6 T 24
JHEL R JU P2 AR, 3 7 A0 B 2R 8 M i S S 22 T] 14 )
JRASHE, JERF PR B 2 R GRS o I i 5 A5 4
) B A A4 < At A5 oA B A LA £ ik It
P S AN A R R S LA A M AR A A 22
TG PR J5T 45 i 4t B S SC BEEVE T E TS
B BRI ORR 98 R S 50 A A TS B0 B A
5 BBB J3-fif | Gy BTG LA K I A8 0 i 4 i ) 4 SR
A AOBBEIR 2 CCH M54 1) B S0 PLRE Al 5 2 R
FI SRR I 25 2 52 313k 2 1L A8 RIS AR 5 0, G 2 3
It AR Al S At 2k, 5 | RS Al ) RE 7 1 R G N 25 4
SEAREETE

P P AT Y ks 11 5 DX %) = A A ks
S R AN . AE VaD 1Y & R R, AR M N
J7 21 itd ( cerebrovascular endothelial cell, CECs ) JjfiE
P i TG o i £ 9 7 S0 A8 Ak, DAY R 4t L o 22
TG Z TR] 4 DI R4 FH 2 28 B A i i A543 4 0 0 557
PhgSAE A RN . Kokubu 45 A1 S BF 58 Ak
Z e T 2R PTFH 13755 0 D PR WL P R 200 R g -
A T IA Y o dfe i 6 I e 5 B A s o TRL Ut
PR A B A LA 52 BBB S — N iR TR TR AL
CECs & BBB R0, INRHE R 2 CECs S
T RE RS, I SO LY I8 7 S A0 0L e R 4%
T R L P 5 o 2 0 LA ) R B A A M 2k
05 G I 3 9 A A A G 1140 52 ) RE 7 | S A ki
BEREA R 45 2 5 0 PR R 9 LR . A
F DI RE AT — > SC B e R A 48 SRR B B bz
0 1L 2R R BRI 280 R TR I BT A B P 2 B R
| R Al 28 1 A (IR o e T A AN ZH Ul SR
4B A P R 2 Sh RE S E0A SRR S R

LY Fil R R R B BBB DhfgfEfG . fis
1L 4% BA G ( neurovascular unit, NVU ) Z: 5 Iy IfiL 37 19 94
1, NVU 835 =) 50 i ML 98 76 ik B SR B I LU
Tt e 2 B T A AR NVU 25 4L

- 623 -

W Z B A5 S0 A5 TR T REJE VaD #hZe 4% . 40
A T AN 22 B R A A SR P B i — 4R
R A (eNOS ) /— A AL L (NO ) X 9 42 fik 1L 37 it
TR A 0485 T 2 RE R 2R 3 22V AT, Ay 1
KT RN RENE S LT 4E 55 22 DR, eNOS/NO {55
T AR AT REXS AR 48 R G A T E R, B
CEC JGi4ERF A% 5 5 1) RE F1 8 75 i 1 378 2 ( cere-
bral blood flow,CBF) ,NO {84 il & 47 5K Sh HE 2 1t
S5 CBF §4 15 Z #, BBB ) fEE 3", Bastian
20140 L AT i 28 1 B — AL SR A 8 AT 97 Ik Bk
PR JE S LR S 2, DR AP i S SR 1A 45 2
AE SRAEHRN R DI RE RS IR B WM SE 84k

TIE, A0 B A R 2R 2 e B A o R o e 2
o S A P XT o k5 B P O A AL 221, 2 55 BBB
(1 5 5 AT BELEFRR , A2 i 1M Ui 1% 32 2438 5 25 A 2 Be
M &ARE " . Yao % ST & B, SR AN MY 43k
BRI o 40 1 J2 26 2 2 A I, R i o 4 i
JA R B = 23R R I B 40 M 2% 2 i
AN LA P B2 4 i v R S R B I A R B S BT ML
ki3 BRI R . Nikolakopoulou''*” 45 AH SE MR I8 W ,
JEV AN AG 2R /0N Bl R 2 ot i 5 B IR, 5 S50k
LG BR 3 08 M 278 IR R MG SR pl & oT it 2k
Montagne 557 423, Ji 40 0 25 5% R AE - £ g
BB , IR 1 Ml 1 B A P BOA 75 1 M Y5 £F
A (50 PURRVRI ML A o /b, i — 20 5] & Bt Ll
AN AR % X BE U RER 1 G [l B, 7R
P2 TTAR R R A 22 FT UK 5T D B R B DR B e
(i) 3K 2 3 (6w DT T b A ) 2 B P A i
AHe s 4 L ) 200 5 P B R R A O,
7 40 i FT A R HAE PE R 0 — FORT R T AR

A, 5 Jie Joe 4 T 4 28 2 ( oligodendrocyte
precursor cells, OPCs) = A= [t 3 i 4x J& & F it ( ma-
trix metalloproteinases , MMPs ) 45} {57 & JiE i 1, 7] 5 3¢
BBB i o A Bk i A B A e, 2 SR I
BRI M55 MMPs 355558 T Sk 50K 240 ffd [1) 5 %% %
e vk 240 R A/ 58 T e DA R 5 S8 109 o, e o
Bl o JEIRBEAR T 55— AN SR R /K G 3 8 4
(aquaporin-4 , AQP4 ) B H i 73 T , AQP4 7E L JE K ot
20 AR i 2 P R SRR B0 B AE R I - 4 on T
K ER A, CCH B3R5 AQP4 F 73 it , AQP4 [t 22 M43
IR e N, A T8 1 WK 3 i K 0z iy 2E
SR, S BT XK b, 2 WMLs '
28 WML ) R e 2 o o0 98 7 10 i 1 5 IX 3 ) B
W I B R

1.2 VaD Hr CCH Jiifi £ I fisi 5t B 52 45 FH 5C 11



- 624 -

T A LA I > 2 R P IR A R G
( central nervous system, CNS) 1 2 [fil % B4 G A9 PN 2
FNAR TN v ik & % Fh AL 5 2 CECs L BE FE A,
BBB 73 fiff 451 105 , 3k e AL ] 475 {H AN BR T 2 4 P 7
Vi EAL RIS AE SR AT MMPs 803510, Ho 0o
PR AR A2 H 1M A8 AU N SORT A S A7 1Y o

CCH mh#i et sitg a2 5 Vab kA
A PERE MR A I A R R A I, s N-H k-
D-RA Z R (NMDA ) 52 1A R i B 23 20 1R 2 14
(mGluRs ) THCRH 28 T0 I BRI, Il R 5 1L A B
21 L0 75 P 2 2 ] R S P 3o R A
it NMDA WA SR 32 14k Ca® " ML P Ca®
S TH R AR TS & N RO 5 LR A N R P
G I, S B I P R 28 0 B8 T A R
12 A R BRI R s A T SR iAo
RE R AT | 25 1 Il R B A RS DA S 1 S Ak ) o
(reactive oxygen species, ROS) [t F= A= BT, 2 ik fl
Bo B AT FEE I, 3 Le S [R] BL ] BURE 1
RN, A0 I 007 bz T R sE T ™

CCH 15— E % 5 R mE fE R R 51 Em
ARSI N B DI RERERHITT 22 5 VaD 1 kA .
ke it 5t A% AR 7 TS A T 67 PN B 240 AR T
JIR RN ZAZH IRAER (NADPH) S8 {0 B S AL i
LML SEAAE Y TE A (ROS) FIIE PR (RNS) 7 4E
B 2ok A SR AT A AL R A, 3 2 CECs & AR HEAT
PERFRSEPE AR 351, NADPH S AL FEE 2k
KR ROS 7 A= B 1 5T, b 28 ol 28 A5 fil 52 43
22 [1] B TR B A 4 S SO R B A L R S Y
R A T EURR R Al S R s SR BB 23 i 4 2 A gk
R, S BORPEIR IR . A PRI USSR 701 P
SRIMRZS T, B R T BRAEA BRI 412, Blss
O 1 S35 o

T3 —HEHL & CBF I8/ Eli i A 28 R AE
RNZ5 T VaD B RMFHLH . 58 5E il VF 2 AN [H]
AR RIL A T 5 i A2 PR B2 i, I A e 35 1, O
AR 2 AR P R AE A B A AL R 1, AT i85 4
FELO T3 AR RN R LR B, 5 RS N S D RERR A, 5
TN B AR rh R R 231 R 2R B I I E BBB A3 i, iF
— I IR 28 ST LIV TS 250 A 40 A /A b
B A R ot A7 PAT 2207 o 4 1 R Al oL 6 728 A 2 g
1B AR DA T B e A I R VR E A BT, RAEAR
& NVFZ R IR 7T A A I U LS R4
O G I PR A LA A I A e R D R A B
A5 A D RE T BOR 22 T 0 I BT s o

1.3 i 5 B4 405 TPy ot i o e 458 £ 3%

J Apoplexy and Nervous Diseases, July 2023, Vol 40 ,No. 7

82/ i1 viouidce: oyl | W B2 (1K= BT o) 87 N 1 & T
T I PP A A A A B YA R DR 3 1Y
B U N A RE T LR P TR O A S
J2 L 5 BE A R 1 B (R A5 5, — S8 AR MR i T e
675 I 5t b A H AT PPAL BBB 2 i —Fh oy
praprnliibu N = s s = {0 ERR e A Twel 1K= e/ R E NA X7 i v
IFERER JLAE BBB rp A9 3% 3l AT $2 71 90 1Y A7 1 5
BBB 2w Y 75 — Fi oA I 75 v 2 i Ao A A A
WY E A s1008 PEAR AR e 4032 o e o, i
RIS I T A I A0 5 S5 21 4E R 1 48 1 (GFAP)
T LA Y R 3 LA 30 g PR R
5 RIS R R 1 A AT W R S
A B, A M AR o0 i ) B ik BBB Y
1787 Toyama 20U prgx 3 0 microRNAs 787
L 45 22 3 0 1) O B FH DR PR R A Ay 1 5 B
THREREAT AR YIAR 59 0 0] REAE , DA R i P4 B 40 i =2
() 4 B 5 AR A AR TP R BB — T BRI T
Jitko

LR A e R B T 8 0 3 A B A G 5
MRI, Bt 28 AR AR, i U AN B R Ik 2 T,
I XS L HE 58 MRI(DCE-MRI) |, FiI 7% 1fiL i A
ARV 23 MR 1 s 3 30 AT AR, W] L B U O
FENL BBB B, ik MRT $045 @7, 18 N 3 52 )
P T2 A0 5 T BRI A O Bl ™ 0 S 40, IE LT
RETWZAAH (PET) FHRHLIEZ 948 (CT) Msh s
A2 % F R ER L% ( DSC-MRI) i 1] A i
SR, X 677 o kil 1) BBB 9 FLIA Gl 1k
XFF BBB 5473 #9412 W AN U I A 8
Jik B BEbRic (DP-ASL) i E (R APE MRT Jy 25 & —Fif
AR B A, W BBB AH S HY S A2 4k, T
(L PSSR NI BY RS2 TR TS T N 1 BUR (oAl
PEAR M B BREAR AS W] DAER 208 1Y 5 1 i e B A
AR G B 22508 TR TE TG T ARG o

2 CCH BEWEKRMEBMERESTS
WMLs SEIAZFERF

2.1 MBS AR VaD s8R ke A
JEAIGSTG i A M P T ) o 240 B8 5 5 e
P, 5 3 S5 7S 0 i ol B 5 1) o572 T i S O R
HR 2 TSI R e M R SR o e 2 S T 2
P 1 JRAE SIS AR S il A8 9 g AL 1 =
AR — 03, IR 1B F A DA e S5 4 i R ) 4 e 2
SRR RRAE LI, i 2H 2k i ) e P kL 2 LT 4
L B AL ARSI 20 B L 24 A5 D e g A
5 U 8 B i B 211 2 25 2 T A AT SE

M RAE T S T/ N BT N o /KB



PSS HZEPRAE 2023 457 H 540 457 1)

20 A R 0 S s 5 Dy T A AR —
5T, A G AEFF I /N 5 I 200 2 o 35 K R
I claudin-5 {13 Dk 4k R i % B e 14 56 B 15 55 —
T, PERFSEE RAE TS FE |, /UM I 40 A e S T M I
R A I I B B T BB MRS R
4/ INJSE T AT 5 | 2 4 i 4 e IR~ A ek B 47 R o
T 25 T RE A2 B, A L R o 40 i vty 2
AN ZESE AN T LA R R A AR T o A, BRI R
2 7 A 18 I BRSBTS 1A A 396 T N Bz 400 M
FHIfE > IR S 5 00 2 S R FEAD 5 B0 19/
5T 4 38 3o 7 A TNF-o0 L6 IL-18  IL-1o Z5 4 %
S DR - 9 1 A0 L S ORI I 4 L S
PEHEPGHE R SRR SO 14/ 5 40
TR AN A 3%, ECM 45345 F0pf 228 1 38 BRLAvr
MMPs F] - IfiL fi it s A1 B0 AT BEET 4 530 WM iy
ILAEVEE A Iob 0 B S . Matsuyama 4512
GTIE T P T Y AN 2 2 RS TR P 5 e ) R
A AIM2 A1 NLRP3, - M £ $1) 7518 P o 4 3 A JE 7
Bl TL-18 1 TL-18 7K-F- i 2 T

0 1 S A AR B A 5 A T M S5 4 fif /5
JE A M) S O, Do AN 2 S B 1B
TSR F RS 2T 4 5 /1 58 I 5 40 Jif R R i 415 A B
IR TE R R A: AR A T OGN B R S IS
SN2 RAE M A, 20 5% 15 S5 240 B S i A 440 i &
32 PR T3 ) 52 e, G P 12 5 A 2ok A 3 2
JISG I 440 M 7 481 2k S S0 B Y 06 78 R A e
T S BRE N0 0 DR 7 S A E A
R e 2 B 2 2% 0 R SRR, B e 5
Mo B, FTER X —BIL 3G /58 K A= ke SR ik
FIB AT TR AN AR 2 15 i ol o 55 28 T8
B I S8 WM 28, Huang 25 BIFSE 618 1
I PR AN A LA 351 50y Jk P A 2R v e B, R TR G St
20 i JE T 1 AQPA 1) & TR A AT S T S I 4
P, 51 a5 R R I B R ) RE RS G 1 2T
YR TR, PRI, Bl A S T A T LA DA AT i /N i
5 A0 A S T I S5 240 RS R i 1 B R R 2
JI52 J5 240 L 9 A2 i 45 4% Oy TN T, 3X R] BE R
VaD (¥ TEIRIT I

2.2 MRERIEMITEAL  VaD Hh N5 40 i %
B F AR A I R B AR R A E Wb B, 1% Thal |
CDI11b CD68 FiIff 72 4H il fisk & 52 44 2 (TREM2 ) & A
2% 0 RAEIRZS B /NI R 40 i ic o .
Zhang 25V A5 1ps R FRR) BV2 /)N S5 240 0 v % B0
CD11b KT+ ; Forsberg 45 B 53 il 1 J5 3 22 1l
LA OCHR 0, 26 /N LA B SR 1 g X

- 625 -

WS B S B Tha-1 FHAE/INE 40 i #1 CD68 FH
EWEAN N, 53 4h, W a] LU F TREM2 S U510 B0E
FIFR /N i 4 . Wang 2604 BiF 5 2 A 1 45
PRI IR /N B TREM2F 35 - 981 35 /)8 JB I 400 1 7 35
B PR, AT DL E i e 228 0 T B A 1) 8
PR 22 RAEARDL

3 WBRBEZHT

NG 1 S4B 4% 1) 10— 25 2 2 B R A 45 1
i R ) B R 2 M S 4 i e -5 BB 9 AR 7 i
RS B YA B AR R AT , 1 32 S P k%
W BB AL, A 114 3% 2% a1 i 2 e 67 ) A% 128 T
5 R I T RE R A, 1 DR A 5% 1) 58 e 1 O B0 e 43
SRR R A AR R A 1 %, g A
JE , DRI R LR  fil B SO 22 A PG FE A o

M R AR T T, 34 s A% (MRI) A6 00 21 14 fiki
F1J5E 3 15 5 EA T 8 S0 728 OB P AN [ i X 14
I B s £ 5, Ml 1SS il MRT B 2127 58 s
SERURR A TR 2 05 125, ANTE DR HIK R (DTT) (%
PFERE AR (MTL Al 23 B R g 38k (MR) E1& -
AR 7 il B oA 58 R 1 D e A e i B A
B o TESCIGVERFIE b R A A i 53R 1k Y
ST LA S i R A B A 0 % ) AR AR AR
WGP 5 (MBP) 58 H AR B H (PLP) (35 i
kR,

4 VaD Hfg B JRR A E BE RS HR T R TR

TEBRAE/ W L4513 J5 MR 0 A )36 7 5 s A0 2y 1
HU SR A T ML 5 BT IR Y7 rR AR R 28 R GE P Y
HE VL SRS, (e 2 I M 5 e DA BEAB B2, R4y S A el
LRGN RGTT VaD i — 5. R
FHOCA DAL -4 AT I6 7 B PR, X R P Bz 48 it
L5 B AR T X 4T VaD R SC A 22 B AT P50 o
A0 - A I 453 0 DR Ml P B AR A2 i B
W MMPs {2 3 Ji] 200 754 9/ JG¢ I 4 i i 45
£5 BBB St BFge B ol g P R A
PRI ] e R B 200 R R s g, DA TR S 1T 2 A R
DS A R I A5 D A ol 2 4 e e, 52 Bl S 0 0 S
ZIUIIRE, HE— 2P MCAO KRR #2204t 473
ATEE5R MCAO KLY A FE A2 T BE M T 98
VaD,

LEAb , B AT B 1 5 AR 5G4 R R 73 A 45
DidEATIEE LAEE VaD, filn, Bk S A W 3R R
S FS N A AR TS 45473, 434 M ¥ XL 7 Al A A /D
BN )i IR B R EZV W L VIINL E2 (ST U E2Y)
GEMIAT IR AT . Li SR04
TETEAS F O BT ol 2 m] SR P 5 ey v 24 B i 3 A



- 626 -

VAR I U 1 2 R 2 e D Rt <SS 6.8 S R 7

JEHE G M A A /N LA AR B, AT AR 2 e

FE NP R BAT O R B BGEAE o Uemura

ST R B, FEARIETE L) OPCs R LD 2% e

Jo 24 0 ) S Dk B fERRE T O SEE S OPCs 3 i 1

BR3P G R R 7 FME S 451405 , ] I 2215 = B2 P

JIS2 5 0 L A SR A PN B2 A BBB RFAE

5 BEERE
VaD Jii Bl AR P KOS 2B 2R, 52 22 Bl R IR

T AL 52 2 X , i o o A o R AT LA 5

SRS GAE T T I BIE T ML 2 A1 1 22 S 240 M

AT T R W A AL B i A2 A 3

FETENK B CBF Jb (N B T REFREAS \ BBB i i

PESUS IR 28 RAE Z AR EL 0, TR T % VaD 1Y

IR RZIEAERAI T I . HAT, VaD 1B

7k A5 B AR G i R R 55 9 S 15 A R K F-

ik = RGHIA RLNIR ST T 58, BEAT Hom EAL ] 19

PR VaD BRI HAT B 28 o ilid Xy VaD o

FRFEA AR S YRR, ik — 0P 585 WML

PEEAHSCRI R 2 AL 2 hmic, nT BB TR ATTXS VaD

ML g P S S5O 2 40 0 A BIL A ) B, AR By <3

AL 0 5 i AR Ao 22 S RE AR DG A 1 B 40 e e

HWIESN VaD TR T HE A

FEE SRR TAEE A BFARAEA BT R,
fEE TR A £ i SO SAE R AR ¥

WS RIS B R R T SO s 4R B T

MT BRI I8 FE 5 0 I RE T,

[ &% 30k ]

[1]Du SQ, Wang XR, Xiao LY, et al. Molecular mechanisms of vascular
dementia; what can be learned from animal models of chronic cerebral
hypoperfusion[ J]. Mol Neurobiol ,2017 ,54(5) :3670-3682.

[2]Duncombe J,Kitamura A, Hase Y et al. Chronic cerebral hypoperfu-
sion:a key mechanism leading to vascular cognitive impairment and
dementia. Closing the translational gap between rodent models and
human vascular cognitive impairment and dementia[ J]. Clin Sci
(Lond) ,2017,131(19) :2451-2468.

[3] Hussain B,Fang C, Chang J. Blood-brain barrier breakdown:an e-
merging biomarker of cognitive impairment in normal aging and de-
mential J]. Front Neurosci,2021,15:688090.

[4] Roberts JM, Maniskas ME, Bix GJ. Bilateral carotid artery stenosis
causes unexpected early changes in brain extracellular matrix and
blood-brain barrier integrity in mice| J]. PLoS One,2018,13(4) :
€0195765.

[5] Nation DA, Sweeney MD, Montagne A, et al. Blood-brain barrier
breakdown is an early biomarker of human cognitive dysfunction[ JJ.
Nat Med,2019,25(2) ;270-276.

[6]Yao Y,Chen ZL,Norris EH et al. Astrocytic laminin regulates peri-

J Apoplexy and Nervous Diseases, July 2023, Vol 40 ,No. 7

cyte differentiation and maintains blood brain barrier integrity [ J .
Nat Commun,2014,5 .3413.

[7]ladecola C. The pathobiology of vascular dementia [ J]. Neuron,
2013,80(4) :844-866.

[8 ]Kokubu Y, Yamaguchi T,Kawabata K. In vitro model of cerebral is-
chemia by using brain microvascular endothelial cells derived from
human induced pluripotent stem cells [ J]. Biochem Biophys Res
Commun,2017,486(2) :577-583.

[9]Wang XX, Zhang B, Xia R, et al. Inflammation, apoptosis and auto-
phagy as critical players in vascular dementia[ J]. Eur Rev Med
Pharmacol Sci,2020,24(18) :9601-9614.

[10]Toth P, Tarantini S, Csiszar A, et al. Functional vascular contribu-
tions to cognitive impairment and dementia ; mechanisms and conse-
quences of cerebral autoregulatory dysfunction, endothelial impair-
ment, and neurovascular uncoupling in aging[ J]. Am J Physiol
Heart Circ Physiol ,2017,312(1) : H1-H20.

[ 11 ] ladecola C. The neurovascular unit coming of age: A journey
through neurovascular coupling in health and disease[ J]. Neuron,
2017,96(1) :1742.

[ 12 ] Maiuolo J, Gliozzi M, Musolino V,et al. The “Frail” brain blood
barrier in neurodegenerative diseases:role of early disruption of en-
dothelial cell-to-cell connections[ J]. Int J Mol Sci,2018,19(9):
2693.

[13]Marie C,Pedard M, Quirie A, et al. Brain-derived neurotrophic fac-
tor secreted by the cerebral endothelium:A new actor of brain func-
tion[ J]. J Cereb Blood Flow Metab,2018,38(6) :935-949.

[ 14 ] Bastian C,Zaleski J,Stahon K, et al. NOS3 inhibition confers post-
ischemic protection to young and aging white matter integrity by con-
serving mitochondrial dynamics and miro-2 levels[ J]. J Neurosci,
2018,38(28) :6247-6266.

[15] Ding R, Hase Y, Ameen-Ali KE, et al. Loss of capillary pericytes
and the blood-brain barrier in white matter in poststroke and vascu-
lar dementias and Alzheimers disease[ J]. Brain Pathol,2020,30
(6):1087-1101.

[ 16 ] Nikolakopoulou AM , Montagne A, Kisler K, et al. Pericyte loss leads
to circulatory failure and pleiotrophin depletion causing neuron loss
[J]. Nat Neurosci,2019,22(7) :1089-1098.

[17 ] Montagne A ,Nikolakopoulou AM,Zhao Z,et al. Pericyte degenera-
tion causes white matter dysfunction in the mouse central nervous
system[ J]. Nat Med,2018,24(3) :326-337.

[18 JHase Y, Horsburgh K, Thara M,et al. White matter degeneration in
vascular and other ageing-related dementias [ J ]. J Neurochem,
2018,144(5) :617-633.

[19]Rajeev V,Fann DY ,Dinh QN,et al. Pathophysiology of blood brain
barrier dysfunction during chronic cerebral hypoperfusion in vascular
cognitive impairment[ J]. Theranostics,2022,12(4) ;1639-1658.

[20] Vazana U, Veksler R, Pell GS, et al. Glutamate-mediated blood-
brain barrier opening:implications for neuroprotection and drug de-
livery[ J]. J Neurosci,2016,36(29) :7727-7739.

[21]Bakaeva ZV,Surin AM, Lizunova NV ,et al. Neuroprotective poten-
tial of peptides HFRWPGP ( ACTH¢ _, PGP) , KKRRPGP, and Pyr-



PSS HZEPRAE 2023 457 H 540 457 1)

RP in cultured cortical neurons at glutamate excitotoxicity[ J]. Dokl
Biochem Biophys,2020,491(1) :62-66.

[22 ] Xhima K, Weber-Adrian D, Silburt J. Glutamate induces blood-
brain barrier permeability through activation of N-Methyl-D-Aspar-
tate receptors[ J]. J Neurosci,2016,36(49) :12296-12298.

[23]Wang F,Cao Y,Ma L, et al. Dysfunction of cerebrovascular endo-
thelial cells: prelude to vascular dementia[ J]. Front Aging Neuros-
¢i,2018,10(10) :376.

[24 ] Forsherg KME,Zhang Y, Reiners J, et al. Endothelial damage, vas-
cular bagging and remodeling of the microvascular bed in human mi-
croangiopathy with deep white matter lesions[ J|. Acta Neuropathol
Commun,2018,6(1) :128.

[25] Matsuyama H, Shindo A, Shimada T, et al. Chronic cerebral hy-
poperfusion activates AIM2 and NLRP3 inflammasome [ J]. Brain
Res,2020,1736:146779.

[26 ] Poh L,Sim WL, Jo DG et al. The role of inflammasomes in vascular
cognitive impairment[ J]. Mol Neurodegener,2022,17(1) .4.
[27]Kalaria RN. Neuropathological diagnosis of vascular cognitive im-
pairment and vascular dementia with implications for Alzheimer ‘s

disease[ J]. Acta Neuropathol ,2016,131(5) :659-685.

[28]Li W,Pan R,Qi Z,et al. Current progress in searching for clinically
useful biomarkers of blood-brain barrier damage following cerebral
ischemia[ J]. Brain Circ,2018,4(4) :145-152.

[29 ]Kadry H, Noorani B, Cucullo L. A blood-brain barrier overview on
structure , function , impairment , and biomarkers of integrity[ J]. Flu-
ids Barriers CNS,2020,17(1) :69.

[30] Wallin A,Kapaki E,Boban M,et al. Biochemical markers in vascu-
lar cognitive impairment associated with subcortical small vessel dis-
ease-A consensus report[ J]. BMC Neurol ,2017,17(1) :102.

[31]Toyama K,Spin JM,Mogi M, et al. Therapeutic perspective on vas-
cular cognitive impairment[ J]. Pharmacol Res,2019,146:104266.

[32]Raja R, Rosenberg GA, Caprihan A. MRI measurements of blood-
brain barrier function in dementia: A review of recent studies[ J].
Neuropharmacology ,2018 ,134 (Pt B) :259-271.

[33 ] Fantini S, Sassaroli A, Tgavalekos KT, et al. Cerebral blood flow and
autoregulation ; current measurement techniques and prospects for
noninvasive optical methods [ J ]. Neurophotonics, 2016,3 (3):
031411.

[34]Shao X,Ma SJ, Casey M,et al. Mapping water exchange across the
blood-brain barrier using 3D diffusion-prepared arterial spin labeled
perfusion MRI[ J]. Magn Reson Med,2019,81(5) :3065-3079.

[35]Jian Z,Liu R,Zhu X, et al. The involvement and therapy target of
immune cells after ischemic stroke[ J]. Front Immunol,2019,10:
2167.

[36 ] Haruwaka K, Ikegami A, Tachibana Y ,et al. Dual microglia effects
on blood brain barrier permeability induced by systemic inflamma-
tion[ J]. Nat Commun,2019,10(1) :5816.

[37]Yang Y,Zhao X,Zhu Z et al. Vascular dementia: A microglias per-

- 627 -

spective| J |. Ageing Res Rev,2022,81:101734.

[38]Escartin C,Galea E,Lakatos A, et al. Reactive astrocyte nomencla-
ture , definitions , and future directions[ J]. Nat Neurosci,2021,24
(3):312-325.

[39 ]Rosenberg GA. Extracellular matrix inflammation in vascular cogni-
tive impairment and dementia[ J]. Clin Sci( Lond) ,2017,131(6) :
425-437.

[40]Wolf G, Lotan A, Lifschytz T, et al. Differentially severe cognitive
effects of compromised cerebral blood flow in aged mice : association
with myelin degradation and microglia activation[ J]. Front Aging
Neurosci,2017,9(6) :191.

[41]Huang J, Li J, Feng C, et al. Blood-brain barrier damage as the
starting point of leukoaraiosis caused by cerebral chronic hypoperfu-
sion and its involved mechanisms: effect of agrin and aquaporin-4
[J]. Biomed Res Int,2018,2018:2321797.

[42]Chen W,Zhang J,Wang ], et al. Lycopene supplementation protects
vascular dementia gerbils against the impairment of learning and
memory| J]. Folia Neuropathol ,2021,59(2) :161-173.

[43 ]Nugent AA,Lin K,van Lengerich B, et al. TREM2 regulates micro-
¢lial cholesterol metabolism upon chronic phagocytic challenge[ J].
Neuron,2020,105(5) :837-854.

[44]Wang Q,Yang W,Zhang J,et al. TREM2 overexpression attenuates
cognitive deficits in experimental models of vascular dementia[ J ].
Neural Plast,2020,2020 .8834275.

[45]Yang T,Sun Y,Lu Z,et al. The impact of cerebrovascular aging on
vascular cognitive impairment and dementia[ J]. Ageing Res Rev,
2017,34(3) :15-29.

[46 ] Hainsworth AH, Minett T, Andoh J, et al. Neuropathology of white
matter lesions, blood-brain barrier dysfunction, and dementia[J].
Stroke ,2017 ,48(10) :2799-2804.

[47 ] Weil MT,Mobius W, Winkler A, et al. Loss of myelin basic protein
function triggers myelin breakdown in models of demyelinating dis-
eases J|. Cell Rep,2016,16(2) :314-322.

[48]Yang XN, Li CS, Chen C,et al. Protective effect of Shouwu Yizhi
decoction against vascular dementia by promoting angiogenesis| J | .
Chin J Nat Med,2017,15(10) :740-750.

[49]Li HB,Liang WB,Zhou L. The experimental research on neuroplas-
ticity in rats”hippocampus subjected to chronic cerebral hypoperfu-
sion and interfered by Modified Dioscorea Pills[ J]. Heliyon,2020,
6(1):e02897.

[50] Uemura MT,Thara M,Maki T,et al. Pericyte-derived bone morpho-
genetic protein 4 underlies white matter damage after chronic hy-

poperfusion[ J]. Brain Pathol,2018,28(4) :521-535.

GUEASC FEm AR S8 B A BVERGRIE T O A TR R
FRI BT A BILR S B (0. H XU i 22 0 A 7, 2023, 40
(7) :622-627.



