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B M KA AR IS WG EIE RO R, RIZE R
TG AN AR, 120 R 4G T H IR 2 B R L 240
T 52 3 1 A B R 7 4n 1 78 P B2 AR K TR 7 (vascular
endothelial growth factor, VEGF)HI 5 704k N 2
M ifd(endothelial cells, ECs), 7EJE4h G % & op 55 45 pl i
L e S AT R A 1K= 2 S A 1| K= a s B
ECs#E NAHXTEIERPIRES. BEE K E BT, JEA R
EMOEAREAHARBNAR, AAESR
JVEGF& ML A2 BUR 1, I I 0HT 18 A 2 11 1
B AR, XA R RO DY,
ARG =M MR dEHFEAMES A EAaR
RETT, M i A8 32 B8 2 U A A2 SR S 1
BRI IR RS 5 IRE T, ECsH UGS
TR, I H SRR T EC s 2 28 (9 vt 41 A A 41
). b, RumANAL(tip cells) 2T A= B4 L 5 i it
BA 2R R BRI B 4B, TR ZH i (stalk  cells)
AfDATESR A 51 R, IR I K, B
B S ARIT A MW &, T AR TR T 4 1 4% 43 52,
B M AR WSS, K7 55 48 B2 T IR o 4 Jf A B
0 HeL (J) 40 R Bt B T LA AR fe B R E I S5 A
e R R R A BB R I R Sk
o7, (R A RS S kg

2 I 2% T R

FE/ANER T, I A8 4R T IR IR 7.5~8.5°K
(E7.5~8.5), it g ) #7140 AL A 02 s ) Bl A 48 of A
M (perineural vascular plexus, PNVP)!". Jji [ ifiL 5 (% %%
B A R E [ [R) EiAs TR, T i PR I A ) 2 e
AN LE H 2T ) 2 2H SR b AR K. 7EE9.SIY, SR
PNVP ML 27 42 ACNS S it i iod il HY 28 T Jl i
2 N I8 M (intraneural vascular plexus, INVP), [ifis5
ALK, B PR E KW IME M 2%, bE 5 2R
RNEABIMK F RO B A0 05 2 O I AR, B At
BN M Hf(brain microvascular endothelial cells,
BMECs)# 55 A4, JF Hag A, 5RMEmR
3L [ 2H BRBBBIh E 7, BMECsiE L & 44 5%
JEH:(tight junction, TI)FH HLIZERE, M 1A 5 BN HI K 7%
Ve T RO S8 LA K R R R AR, R
R I L DA TR B RS, FEARBRZR AT, B
Ji L2 A TR TR B 1 LA A B A A .
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3 ZMMESEBSSMINEZE KR

RE IR R A I 45 R A D e Bh A AR A,
TE 22 P E 5 18 I 1 3 [R1/E F R (2 a2 i 1657 TR 8% 1) A2
(1), VEGF& I AN EE s FH =" wnt
(wingless-type MMTYV integration site family){5 & 7£ Ifil
A ORI B A P R AR B AT b i
#f- B M (neuropilins, NRPs). #1b4: KK Fp(trans-
forming growth factor B, TGF-B)iH 5 iS55 5 10 #0
Z 5 &K & L&D RER 1S

VEGF (I £ # X NVEGF-A) & 45 VEGF-B,
VEGF-C, VEGF-D, VEGF-E(J # 4w i) flfifi 3% £ K A
“F(placental growth factor, PLGF)7E PN [ 8 (A Ji K
B . VEGF-AfG 5@ EZ B VEGFR-2M 7,
VEGFR-2/2& I8 £ T 5 (3 4% A 71 VEGF-
Biifijf VEGFR- 1 MINeuropilin-17E BBBJE R i 1L &5 4
¥R, VEGE-CHIVEGF-D ¥ % 5 VEGFR-
3/FLT4AH AR, (R3EMEE LR, VEGF-CX it itk
EYIM A 2R HE, 1 VEGF-D IR 5 AE P 2
4R 6L P 2 K AP IR 45 5 ) B vt 2 e sl U1 B,
TEBE S, Vegfe Al Vegfd FIAE I AN BARA, M8 A
T 5Bk B 2E il 7 B Vegfd, 17 VegfeJR 5 A Vegfr3 (&
SAE T AR b S A

Notch{i 5 i B & —Fh 51 2 1 40 ff A5 5 A% 1B AL,
FiNotch3Z A FIH it fA Delta & Jagged S5 4 i, 4Acik 5
ARG G, S TENotch 3244 P B DIMEH, 2k
R A 7 3R 1 PE DI Noteh i 1 45 #4138 (Notch  in-
tracellular domain, NICD), NICDA] LAHENH A%, 5
RN T EE IS 5 RN FREDY. VEGHE 514
55 ¥ Notchfit f&Delta-like 4(DLL4)_[- i, M 1M i 46
LB L (¥ Notch1 524K, Notch1 5 5| ECs
VEGFR2[ 1%, AMUETHH VEGFE 5 R RER/
WA ) 534k, 3] DU B RR e i S vk 0 i R
¥)(phosphatase and tensin homolog, PTEN)#1 1| 4H g
5, LK@ FiESMADG M BB 25 & A 2R
(bone morphogenetic protein, BMPs) ERCR I S
Notch3 750 FL30 47 1L /E 5 54 R0 if i 7 e Ty e A ke 21
FERE . Notch3 B /)y BRI H I 5 B 4 A0 if o
Bl chie sz 512, [FREE), 725D Notch3 848 14
ot T L R A e DA ot i R B Th e 2 4. B
B AR B, Notch3H: K R A8 2 T B Gy (0 44 B MR 1
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VEGF-ARBEIME A B, TS, Sl B R TR IR 5T 40 M B VEGF-AR) 2R JE.  VEGF{E 1% 3 5 BNotch it i
DLLA) i, M EGEFH 4B 40 i _E A Notch 1324k, BMECSBBUIL/MRATA A KR 7B, LLRZEHMIFERIG K 7B
JAZIBBBIYIE . #H 4T ARLH BB Wt i (Wnt7aFIWnt7b), 51 '5BMECsH! 2 3@ %A GLUT1 $BBBIE K

Figure 1 The pattern of cerebrovascular development. Brain microvascular endothelial cells invade the brain parenchyma from the peripheral
vascular plexus through sprouting angiogenesis. Angiogenesis and the formation of blood-brain barrier function are mainly regulated by non-CNS
specific signaling pathways (VEGF-A/VEGFR2) and CNS specific signaling pathways (such as Wnt7a/b). In early development, neuron-derived
VEGF-A promotes angiogenesis, while after birth, perivascular astrocytes become the main source of VEGF-A. VEGF signaling leads to the
upregulation of Notch ligand DLL4, which activates Notch1 receptors on adjacent stalk cells. BMECs release platelet-derived growth factor f (PDGF-
B) to recruit pericytes and initiate BBB formation during embryonic development. Neural precursor cells release Wnt ligands (Wnt7a and Wnt7b),
which guide BMECs budding and induce BBB formation by expressing GLUT1

A8 10 1 k73 £ B2 5 A BE A 1 5 7 (cerebral - autoso- W, 25 BugE I Wnt7atE K 190A B A k#4565 GE

mal dominant arteriopathy-subcortical infarcts-leukoen-
cephalopathy, CADASIL), ‘& & — st % 4 ik /s 5
T, TECADASIL/I U i Noteh3UTR 767 14
WHAL, # Ak — I K AT CADASIL & (111 AR S
S X

Wntf = 78 0L A BN I A r 4 B AR
(F1). Wnts =2l 2 o MR T A 7 i, 78
YRR RO, 7R B T AR AR i
1157 ¢ B 1 B A 32 Wt 7a/bIEC A 1% 53T 8 — TURIE 7E %

IR 32 441 24/Reck(Gpr124/Reck) B & WIIIGE 11, A
DAAE A s P4 7 1 Gpr1 24/Reck s 71 R A AE I, kb
7 HAth 20 23 0E WntfS 5 19520, AT ORGP 1L 7
PR IRITRE, RSS2 Mg /) SRS B I (1447 IR Bk if
P A e EFE T, Wt i 3 T Ao L A o - 1
M2 5% & (sphingosine- 1 -phosphate receptor, S1PR){E5
AT, DT A2 AL 5 e P e R I/ P R 465 288 B 1
(VE-cadherin) £ i,

NRPs /& s EORSF T BUERE SR H, "I1EAVEGF
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524K, 5 VEGFZ RS 2 B VEGFR 1 HIVEGFR2
(CD30)YAH EAEH, 70 S . WA TR B LR R
Gei o R B, NRP-1FESI K A IR
BEENFIK Y B, NRP-27EFBKAIM A h Rk, 5
NRP-2AHEE, 314 RNRP-17E g L8 & & A o it
FAEH L. NRP-1/£VEGF. 4 F(integrin). £ A
1 F (plexin) 3L [F] 5244, 1 /& NotchE L& A& B #2
WA/ ZE A A3 A R ) QB TR Vi ERL -, T DA e 0 )
AIKSFIAIK ) F a5 a4 g 20, Bt sk W,
NRP-17ECOVID-19F1 S 14 S if V4 fixi 25 1 (acute  is-
chemic stroke, AIS)IAEALE|F A HEIEH, mlhE
F2COVID-19 91 AISH B Ji i 72 v B 7 1E A= W) 2 b
E,

AL A K K FB(transforming  growth factor B,
TGF-B)& —RZ MMM+, EHMMIETE. 7571k,
Go T DA R WA R A 4 R 55 T7 T ¥ B A B2 AE
H. TGF-BHEF IR 5302 /N i i, BAETGF-B1. WL
# (activin). ] 2 (inhibin) FIBMP1~205%, “E{/TAT LA
5L RGBS A 2 AR B (activin re-
ceptor-like kinase 1, ALKs). TGF-B3Z{A(TGF-p recep-
tors, TGFBRs)FIBMP*Z{4(BMP receptors, BMPRs)"..
ik UL K BT TR TR A B s /0 2 o 401 B AT P 7 401 e A2
KM TGF-B1AHY = ZRIE, TGF-B1H T L& A2
BBBZEHM ., & KAE. sham BHAME D)
GEPY ALK UE 546 92 TGF-BHE KR I iR g 42 2.
—, fEME TR KA RS REER, BMPY/ALK1{E
SIE g T DB A L diiERE . STUIN )
M) 52 R B 240 i 5 S R R 9 I A i, B e R T R
I8 5% B 7 97 B R I et

4 ok AR SRR 5 2 Al I L

702 PR I VAR A I D 56 68 P I A 435 ) o 24 4R R I
WIIREOCHE, NI S5 . DhREM) 8 LA iR 5l
JIEI R 2 T B P I R (K12), Wi 3l ik
W& JE(brain arteriovenous malformations, bAVMs). fili
T SIR I W4 (cerebral  cavernous malformations,
CCM). A& PE H P B 4015 4 5K AF (hereditary  he-
morrhagic telangiectasia, HHT). X285 & S 8l
BRIk EC AR, BRI A R R H i A s i A fi 2
IR R AN PR ZE D BERRAS . i L0 18 B
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W N F ML R R F e, Bal, fA%FRE
3 AT A2 0 TR 5 1 2 By 7 ik, A1 b i 2795 38
T ZERIT S0 06 T FR T R 7 HE 503 I Jy 28 200,

bAVMs & — Fft LT 332 70 T R A0 (0 B 3R A e 22
I, S L B ) I L 4 5 Bk, K 1T
Bk B BB B S AR, Bk A B k% B B Hh 3 ik
A K 51 I P TR I SR T E 3 B RN Bk R 4 2 )
T —Ami . K5 iR, HItkbAVM A
S W R LA B B R AR R, BTN H I (intracerebral
hemorrhage, ICH). £12%) 3 5 R LG HEAH R, W
VL) Osler-Weber-RenduZg & L (HFR A8 44 M4 H 1
PEBAHIME Y A S, HA SbAVMAH G ZE G R
5 Cobb L A i FH B K T R i 315 114 20 5 ik 7] €2 57 44
ZEG1E. Wyburn-MasonZi 4 1iE fiBonnet-Dechaume-
BlancZi &R, &Rk, EDAVMIERF FEA & I
KRAS(KRAS®"* ) I 1A 20 i 503 53 A8 5 B o S 1o £ B
IOy SEIGTESE, KRAS/krasZ7A8 7T URE) /1N R AIBE
0 o BT ) S o I TS FIAVMUR JE 4 5 — T
WISEE KN, FENotch43ik i 51 K FIbAVM/I B H
F Bk P B Noteh i 4 3% K7 B0 (5 5 [ T Rbpj i, ki
I S5 AR IR IEH™), R i 707
bAVMIRAE T #1804, H RTbAVMITIGYT 1 B2 F
SR ARNPE W A F AR TIBR, £ XbAVMEI 2
P TERT K .

AR PE L YE B4 9K E, AR NOsler-
Weber-RenduZi &1, 4= 54£5000~8000 A 21 1A
SZENEMA™M . FEKLI90% IR, T FhEIE A H P e
BEEE El (endoglin, ENG)EERIBRALKI/ACVRLI )G R
A5 5HEH, AL T95 YLtk (993.3-93.4)_ I ENGHE R 28
A FEBHATHHTL), AT 15 4k (12q12) L1
ALK1/ACVRLIFE R 5675 G0 MHHTHAT2), 78 H:
A10%I1) 535 b R B IE I SMAD4(SMAD  family mem-
ber 4)f158251% FopiE st R W, LAAVMAIHHT A3 (i
K18 B 45 A ik (overlap syndrome, OS), £ & F{EBMP9
AR, WL E 5 AVMIOTE A 51T, R Atk 15377
IbAVMYIN B AY, 38 5 A8 FHHHT Il R 2454000 1) 2 i
By ik R A R AT AR AR K R 7 B(platelet  derived
growth factor subunit B, PDGFB)¥JA] LA ALk T2k
HP L JE A0 A 1 7 6 R R i, SR ALK AR
F 4 R PDGFB R Ik 1] RE 2 F BIbAVMIIfLE
BEAI 78 25 2 R R ™Y H BTEFSTHHT RIVETT 254
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XEnEREXIE T
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BREMBMEE _~ RgEe=——=—S
ZBMEY SKIE
IR i
N\ s
MERITIERT
HEieEls MERREIRESIR WERE, MOBRBEEE e
tau
FI/RITERRE
S
BRRER
BEHRE b= RRMEHE
AW O BEBHESBS ® ssrim S /
HTT mHTT JIMEIMHTT 4 — {
SHRSEEE

B2 AR G, LA L P A SR AT M AR i L A 4R AL WA 3t COMAE R R A RAR,
FECCME SR E G, MEKK3-KLF2/4-ROCK {5 5 8 B £ 80 , 2 im-S BUVLE 8 B ST 4E3G n . 20 285 B4 BRI
DA S 155 368 375 P 8 . i 5 6 PR S T 3 B 1 T Notehd 5 B ATKRASC " 9878 S35, RIS IKALER K 337 0 W R 1L 58, 33k 1T
TEFNKANERK RA Z R — A @i MGBH I 38 4. A% 1 P B 4 1 B9 5K E W] B ENK/A LK I A BMPI) RAR
T2, HRIIbAVMK ST BRI, B X Leoms (ki 25 MU 5K, M8 N B IR e, U510k e i A 4 v, 5
B, MR, SR SR PR A rh . B2 RAT YRR AR T, BRI BROAE 1 32 BRI R 9 TE A B F BATtau, TS AR
FERHELGORR) E Zy /N, T ST S BEAE U e SRR AE M2 R G P R AR R BB IX e AR 4 51 R I 5 P )
REBCIR MR JOAE, AT 51 A2 M L7 A R, S B0 2 o7 28 4 A0 o o A 3o P2 7 2

Figure 2 Cerebrovascular-related diseases, including cerebrovascular diseases and neurodegenerative diseases. In cerebrovascular diseases, cerebral
cavernous vascular malformations are mainly caused by the mutation of the CCM gene, which leads to the defect of the CCM protein complex. Then
the MEKK3-KLF2/4-ROCK signaling pathway is activated, leading to increased actin stress fibers, reduced cell adhesion, and increased vascular
permeability. Cerebral arteriovenous malformations are mainly caused by Notch4 activation and KRAS®"?" mutation, which are manifested as an
abnormal vascular nest of arterialized venous drainage, then an abnormal shunt of high flow and low resistance between the arterial and venous
systems is formed. Hereditary hemorrhagic telangiectasia is caused by mutations of ENG/ALK 1 and BMP9, with pathological manifestations of bAVM.
When these diseases progress, the vessels might dilate, and endothelial cells might rupture and bleed, which result in hemorrhagic stroke. Another
situation is that the vessels become narrow and blood flow becomes abnormal, which result in ischemic stroke. In neurodegenerative diseases, the
main pathogenic factors of Alzheimer’s disease are amyloid beta and tau, the main pathological deposits of Parkinson’s disease are Lewy bodies, and
Huntington’s disease is caused by aggregation of mutant Huntingtin protein (mHTT) in the nervous system. These lesions cause the disruption of
blood-brain barrier function and neuroinflammation, which result in insufficient cerebral blood flow, atrophy of brain parenchyma, and excessive brain
angiogenesis
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T EUSEPIVEGFHU R (NRER H147T). VEGFR2M 2R
BEEIHIF(VEGFR2-TKI, anifmeiffe), HAahitirzy
), WIALK1/ALK3/5E 5 4% 5 B30 77 (fth 5 5 =) A i
PEAE]). PLLE A 8 2(angiopoietin 2, ANGPT2)$T
A7 013 i 6 LIRS 3 -3 (phosphoinositide  3-kinase,
PI3K) I 4T3 78 I PR 1 B ),

b ¥ 447 K 1M1 B (cerebral  cavernous malforma-
tions, CCM)/fil PN - 45°R 1L J8d (intracranial cavernous
angioma) & T H1 Ak 2 1 BE 1L E 2H Bl 193 4otk S5 o i
P, 3K LR I 5 AR G, I 1) 3 B /D A i <
FRAHZR, WA HR XU . CCMPBIEE IR R I AT 7 A
Bk ECCM(sporadic CCM, SCCM)AIE % 14 CCM(fa-
milial CCM, FCCM) M FiJE 2. ZEFCCMHY, i 5 e (1
fR7qICCMI(tHFRKRIT1 ankyrin repeat containing,
KRIT1). ik 7piICCM2(t FRoncostatin M, OSM)
DL G A 3q ) CCM3 (. FRprogrammed cell death 10,
PDCD10)JEH 1A -t D458 3F 9P, CCM1~37E
i 1L HR 34 2Rk, CCMUR A B B )
JFiE A%, BICSC(CCM signaling complex), &7 2243
L VAL B A BN 3 (mitogen-activated protein
kinase/extracellular signal-regulated kinase kinase kinase
3, MEKK3)ZI5 S W (] R, 3t /)y B CCMIR I
FEA % IIMEK K 3 # % [K K riippel £ [ T (Kriippel-like
factors, KLFs)2H14/f] 1AL i Rho(Ras homolog gene
family) 14 J& 2 A EFI A A (a disintegrin and metallo-
proteinase with thrombospondin motifs, ADAMTS)E%
PETE R HACCMIR AR (1) P S A . 5/ BRUSEEG —
B, AENEFGNEAHOR TECCMAR A& HKLF2 HIKLF4
I R s T &R, MCOME R R R, S
CSCH A i KA 6B, MEKK3-KLF2/4-Rho
(Rho-associated kinase, ROCK)& 5 i@ Mo # s, #*
TS BN R 1 SR 4E 38 00 20 B 26 PR ARG DA &
1 EE MR IN(E2), I B EMekk3, KIR2E(KIf4(H
R M R R RT3 TR 0 AR IR R T BRI AE T
U, LRI AR 24T K - CCM-MEEK3-KLF2/
4-ROCKGHE % T\ 4 BN TT K 25 K KB AR,

5 PRERIBAT M v A ik I A AL AL

MPZIBAT PRSI B RFE A2 Th RE TR AP 22 TC B T 14
RAKIR DI RE S0, AR LA PR AN I 1) 2 A0 A 3L 1R
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PR R, IR ERIE. kA T R R aG A
JREEE. SR, FRERAT O R S E R, B
A MRE R FERG R 2R A A AR 4 4008 B SRR (R
S i DX 455 14 4 8 7 3 2 0 1 ol 58 TR T Jok) I R
I, SRE RIRHLEIA R, (H2IE MR, e
IRATMEAR 5 i I AR A AT R (K2). R 2 RIEdE 2
BH, T7ER R R BRI (Alzheimer’s disease, AD), TH4:#%
Jii(Parkinson’s disease, PD), %Ll FFE (Hunting-
ton’s disease, HD)ZEMZIRAT AR Kot fErh, #f
22 JERE LA K I i J 2 Ty R P 453 477 308 5 14T 9 e A
B s AR Y,
ADJEZF NN ARG R A, H fr il
BRETE M FE 2 19 (amyloid-B, AB) I Zh T AR BT+
%4 Ftau(microtubule-associated protein tau){E4H i N
RAETE R A0 28 7 4 4E 48 45 (neurofibrillary tangle,
NFT)IL[F1E AT 3 20 #0248 1S D) e B fis /2 AD ) -
SAEOR BRSO HkbR 2 0 E I 2 I, T SRR
RGN BUE T RREAD K AE/EH, ADEE T ABHIFA
KRN i /S iR (0 R A, R W L B 5
ABR BT BEAEAE R AE DT, AP BT JR 9 i BRI 1
REEEUR R, LG R A ZARCD36 AL ML
T ERAR, IR S R SO A I I I e — A%
TR RE 25 INADPH% L 7 44 /4 2(NADPH oxidase
2, NOX2), S8Umi e bR . EABF 2/ i
AR e ey 20 P BT 400 0T A T 0 LI (cere-
bral blood flow, CBF)J/> A KRS AL AT A
T A ] 4 i T e B ) B 20 I A IR 6% s ik AU
SHCF ST RACAZ RGO 0L 5 BT AR 9 R
T FIVARURURT ARE B I R AT R I, 5 taud (I FERERR AL,
WA RA R, HElEAE R taud 54 B T X 2l
ST PR AR M A I O, (R A I FTIRGE, tau
AR /N BRI ML B SE 0, P Re 2 tauis T L n A —
AN A A B (neuronal nitric oxide synthase, nNOS)5 %
fih J5 %% B B 1 95(postsynaptic  density protein-95,
PSD9S) 1 & T B & ISR & 1 R, AE NS
TR B — FA B AR > R BUMLE R 2 2], A
T e L . BRI LRk X T T AD I T
MAAE 1L, (H 2 H ETAD BIE IT 558 J& BT 5 6 ¥R
g7 TR AR AD R I A O SR,
JERK R 2 1R 24 W e VIR 1T/ D9 I R A T I R RA 9 A2
B & e, & — Pt Mg P R AR RS2 AR 1) /o3



P EBNE: ARl 2024 E 0 54 % A3

T TR VA ) 75, SE A R LA AR R AR, W
WD T A HT A, T BBBIEREME, J8/D T BE A
HIABUTAR, A 2RE T AD/S BB RN S pa g™, o3
— 25, BRER I BEFT 55 (carbonic anhydrase inhibi-
tors, CAIs) CLAE I AR 175 6 IR A &y S S S (KR T . 4
T B — T 7 R B, A C AT M i 0 2 T e e ) Sl
D T/ R ADRBERY AN S T4 R H AR IR
I DE R A B0, ) 7 A& i3 A JF s A
iR, RN CALERE S 3 /RS A e g bR Ae,
/D ABUTRR, D AD N UE A F L E 7 (cerebral - amy-
loid angiopathy, CAA)[64’65].

PDJ& —Fi DL 22 3R 47 MR, PDIVZH 2055 B
SEURE AN T BT N 2 T RE A e R0 A,
% Gy /IMA (T 2 H o- K il % 8 E/a-synuclein SR £E 11 B
FE K DX I3 5 P8 TC I 4 5T R k. fEPDR
i, IR a-synuclein P fif B AS T BE 3 B0 B
REANZ TLB AN T EHE SR 7. 55 PDAR % 1 il .
U AL I AR PR AN I BT A2, PDAH I I A2 1 AL
T AD, 2520728 A FE BMECAS R I 5 2 15 S %,
PALeBBBHI TIH I8 /D. SR1, A B 58 R IPDAH S X
T I A SRS IN, fIf E  FE JG B R AR 4K, DAL, PDA
Al RETE R TR S AR ML A AR, IS AR PR
TYREEIEY Tix— & Be4h, PDEFHE KX
FEVEA R 512 3h DR PEmG Ao, Sl #iIERR, H2
TR BB A (deep brain stimulation, DBS)¥AY7 FMA 4 A% J5
ARE U E AT M o, 5 AR VLG G HRZH AR L,
DBSYRYT A S AR S UL % N R
PEER AN P R IS A R AR KR k8 B DBS
R uE 2, B4 INVEGF F J8 P 4 28 % K+
(brain derived neurotrophic factor, BDNF)[fj=4:1"",
M FPDRIEYTT H Al 2~ W\ e R R IH 2 e g2 B,
{2 I AH ST 58 2 W H 26035 PD LA 9 4% 1R 4L
ETY, BBBFR A T 2R ML FR GO 2 Rtk i,
DAL 3~ PD RA S e 250 BV 97 J7 1) 2 22 2 4R = 24
PRI, Horr, FRT-BE F (schisantherin A), A
BITPDINE 25, IF HC&AH FIE X T-PD
VAT A g 2. (B T I I 3 A% P e 2477
IEEOEERTIS

HD 7 SR A2 — Pl G 0 4 2 1tk 38 4% (1) 425
ATPESIR, REARELHE SRR R ALK JIBEAS . SRR AS P
. INEIRE S N AT NN AT HDR gL S E

11 % [ (huntingtin, HTT)MHTTHEF 15— 4R+
MCAGEE Y 1 Bk 1) 28 A48 ) = 42 11 2% [ (mutant
huntingtin, mHTT) 7l A B 2 G507, mHTTH R4
JCRVE TR A=A, ARG ST i e S e
A2 k") IE % HTTIh AR 3% % MimHTTIh B¢
RS 2 FEGUIRR . 2 AN B AR S XA 4 0 1
Wik sk, FEEEREE N RS S ThRE ) FIETY. 2
eI AN NS SR E &K 8 Kk IhRe, T
K FHHD/IN R (R6/2) K I mHTTAE B 1 5 41 i
A 28 70 AR I Rk 1 m B TR i 5 4 B 1 VEGF-A Y
%, SEP R 0B A S 488 A SO HD /) B A i
K, 1% 5 A RHD &R E 8T ik, B
Ji2 IR A A 5 98 E 5 S B AT F 4T L P 4735 2%, 45 HD
ORI LA G L s BT, Bl i g,
5IE#BMECsHiLt, HD&FHBMECsiE S HI% G814
i 2 TR 4 I A A B TR R I R o e ek R
WA A R Y B ISTHD R R RE, R 3 5 IR R0
mHTT M I3 F HD I i i K R A B (1 3 s IR 1
BEARmHTTHIE W AT HT TR 73,

6 NI % E -5 PR s R

KBRAVNR BT 5 N & i 4504, 58
5 1) 325 DR A PR R Rl A PR 8 A 2 SR HOR T 4 T2
T I R B A FT. VIR A T il % & o
TR, 2R G 1~5 K (P1~PS) B ik sl K ik
KREBUEY T NEKE PR 23~32)4. mihzhY)
HIPTOKEU 24 T A2 & rh i gR I fa0 /™. I,
HH AR S A2 A B O B R NS T ADET AR LR
Wi 1) — R A R B A S E AR R T2 N
FH. U /IS BRRSE 2R 570 i A A ol = 0 o oy s A
RIEC R R /NER, MRIETT AN R EM RS R W
B SCHR B (1), 8 oot {5 FH 40 1 o P Rz 4 L D R 0 B
(AAV-BR1) % SKRASC"? 578, A /N UG afiL 5 L B 4
S99 b I H IO I A 4 A S R UG L, R TR
bAVM/) FRBE TR 56 41F KRASFE A8 3 1 MEK/ERK % 4%
R BEbAVMIK) & J& . [ R4, @i 8 F) AAV-BR 115 &
MAP3K 3" M523 0 5] /N RCCMAERR S, CCMIH
BE— B WU AT BF SR LI R AT phsh, A
FUR I, J ik e XU 250 2l ik 22 (bilateral common
carotid artery stenosis, BCAS)#J % /N B i 12 P A Vi v
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(chronic cerebral hypoperfusion, CCH)I T RAFF 57 1
PRI (vascular dementia, VD)%) T [E 4 5% e B HI 5
W, RILAAEMEE SV LRSS H B AIM2(ab-
sent in melanoma 2)FJIE L HE T 02 M A IRV v
5 M 1 ()8 B AR B SRR, O WT /R R K VDR
T7 25 (A R R,

P AR B HESH IR, BRONSEA AH AL i i
BN RO G AR, HARSNZRE . RIGE, 45
B UG A AT DAL AR A A R A5 00 52 i L
BHBhARE, K &L HEh gz B T
15 5% B AN RE AT 7 vh ™), 78 0 5 e S5k A R R
JEBE D, SEEL TG L A AR R, I i
EAEKMER, WHHTRKRE . BRI KA
FH T L8 8 B 9 WL 19) e JE R i 3R T (kdirl:
eGFP), Tg(plvap:eGFP), Tg(flila:eGFP), Tg(pdgfrb:
DsRed)%5. P& SR )32 N T L4 R B 5%
T FRAIE e . RE - £ fi o7 e 1) 485 ) R D e S5 Wl AL 304
BA SRR, DRI I /8 % R DR 5 1 £ B T o
ORI K& AL BERE DR 1Ak, FIH Tg(kdrl:
eGFP) L& A Bz 4 B % €708 G B 1 e B R B 5 i %,
I E A AR EOR, BAIE T Claudin-SafEBE
Ly 101 i R L 06 5 98 5 (%) D e T ol v 1) B AR
FATOL T 7E S — Tt ek, R P AL A0 XU
L5 8 Te(flkl : GFP;gatal :dsRed), &IV 75 S 1 1K
J3 5% ) e B i B T3 1% % (reactive  oxygen  species,
ROS)/™ T B Ty 1 £ 1 1% S B B 2 B8 (prottein  tyrosine
phosphatases, PTPs)i {4 ], 2B BBB &4 14 1)
REEELER, 7EDE 5 BBBRA R {7 HR IS IR E
LB 595 PO A A BB 2 T AR e N Al R Ak
Bt /S A 5 S A BBB R, JEit
AR T HIE/EBBBE M FARIER, A
BB B 107 77 AH 5% 1 1 1L 45 92 0 2 ik 1 9 E 1 VR T 5K
g5 B ot T 0 00 388 A G O 9, LA
N 3l k8 (intracranial aneurysm, TA)Jy#, Bt 4=4h g
FHI - (whole exome sequencing, WES){EIA &
I B 3 AR R AL R PPIL4, B
ppildFTRAGNR, RIMAERASAR R G B, 6 i P R 2
MESZ B IE B R A, STIAIRKRRI—2, FFH
NZKEPPIL4 mRNAT LLRRGIE B 1 AR 2 2,
BB 8 ppil4 AR VR AT A NTAG BT, TAG 2
A P22 AN PRAF ST AR ALS W AA T N A1 25—
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T A, I .62 0 4 25 IR (N-nitroso-N-ethylure,
ENU) 5 3 1]/ 4 0aE K RAZAR,  H g B 1 £ fixi H i A5
AL, M FH M A RS 6 I K R M aE i R T B D 1 pERK -
MMPO#R ARG ML G52 th 1T, #8713 7E i ik
Fi 1L AH 5 259 77 T i 1,

HAhh R, k. 45, SEESMTIZ N
T & 8 SR e, wH7e N R 48
FIEIIRG ) LAE K 32 fR (fetal growth restriction, FGR)¥%&
TR, R SSFGRIN ML K & 57 LA X BBBI) g
SRR, BRI N R SEVETE
Jfd(endothelial colony-forming cells, ECFC)X}FFGR¥]
e Ve AP AR N R KKEh, e iR, ik
B N FH M L PRI S e, el A 5 A A
FAR IR Iw A, RS H T i E R
BB, Horh, MG AR RN s R R B i
)£ A T B 42 (hypobaric hypoxia, HH)FE Y H B
55N 2 v TR R Bk FAD Pk o A 453 15 % i K firh 2%
W, $t 7T R SHHAHOC )RR, FREHIE 1 3R
1A (progesterone, PROG)FIS5a-HE i 4¢-3P,5,6p- — i
(5a-androst-3p,5,6B-triol, TRIOL)Z5EHHZ {547 44 %} 2
PEHH 5 5 19 i 453 49 147 D Bl B A2 381 B 25 19096 97 A
)EH[‘)S]-

7 H RN A K S PR

N T RN L R B ARG, DTN R — BAE
TE IR HT ) SJ2 B0 5 AR SR Ay 322 I I 6 53 2% 1) = 4 ST AR &5
F. REBEHEARZHAZ T A (embryonic stem
cells/induced pluripotent stem cells, ESCs/iPSCs)i% 5,
B R I R AR B IR BOR M i 5 N SR AR P PR B N 4%
T RSP Lancaster® N°7JF R T KM 28 3D
Broepimd HRAH KINZ a4l gd, mTel—Eik
JE BRI S5 K AT RE. (EJ2 BRI HISRIN 4 B &
GiokZ A RGWMIAEL. M TTIREE L LS A
TIEERGE. T MEX T8 BRI AL PL R
fMMpP R RS HEER, HOE SRS
BRIRTE, T IEE K E AR LT s
S T A (| K= 2 s S N LB = 10h-9 9 Wk
B Gage [ BA i B A TR 2 2% B RS B AN R
RIH R SEI R & B R MAE A, B T kATt H
PR TR TS 2. Chot A1 I 240 g 41 3
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Jfi(brain extracellular matrix, BEM)FIZ) &K R 4t
B D R M IR B A Ay NI 48 B (138 SR, BEMEX
B TR, TARAR BOARS THE 3 AR I B F it
A EFRYI L BAE 5 B B RO e i — A ok
KPR B PRI EE. Sk, R A P i A 2
WE SR E AR TR, FAE— AN R R R
RABEILFEEEFE, KIMERANRMETIFSHEA
ZUECRERE, X — SRR IR FRAHCKE DRIk 70 K A i
MWK E P LA 2459 (1) 37 18 52 18 35 i) 9t 2 7
BRI

T, Pellegrinifs N7 | B AT G884 7 b A fing
BRI ) N2 N RAR B AL, BNk 4%
M- B (choroid plexus-cerebrospinal fluid, ChP-
CSF)ZEARE, XFMASN b LI H 554K AR E (2 7
Tk, IF H AT LRI R A A Y I CNSIB I,
Ik, ChP-CSFRERE R A B A B 2H A4 Ak B
7 5 N AN BRASEARY ) s FEARABA I, R AR g i fik 2%
N L 306 5 Y B K 8 5 9 LA S 24 A0 IR R R W £
EERAMEARN T, KT A TT UG M
TR PR I 78 H . COVID-19 3 2 LLEIR 2 Gtk
NEZNEIREIN, (FRAEFE T B E M R T
TN 5 DA SRy dE PR AE, X R I SARS-Co V-2
LR B G L ) IEH TR, 455 NG 2E 40 fufk
HPSIRES DA SN R AR N SEER, AN DUR I, 555 —
B, EEE VSRR A s B T I R
LR, W& ITTIE NSARS-CoV-2/K 4L H bRz
I L5 e R R O T (R 07 N e
SIS B B W TN TR 9% (cerebral  malaria,
CM)IEARY (6 2, H =2 78 CMI IfL 5 22 4t ' BBBAH
K53 F o8, FRAE HH 2 e i AR I 0 N i o I 7
P A B )R SR R R A, AR ACMBL AUt

S5 30k

o 25 A U PR AT SR AR AME AL, JF S T RE LR i
4549 B2 Sh R (i AT 7 rp U0 A2 B 24
i IR T2 N T I R B 7T, H 2 AT DA 8
(0, N8 B K B P LA B 7 v 1) B S I A
AL dbAk, NINSEES B R A A T 77 A N I
FeYT B tean, amad PR SRR H 20 ik 4] 28 (mid-
dle cerebral artery occlusion, MCAO)i 2~ HH A5 Y Sy 15
FRIATIRAS B, AT I8 2 b R BRI AR 1 T AR
It HcE s sh & e, $om i 28 B A a2
FIRIT IERI AT AR, B BT R

=4 =L
Clip=ia

8 HHHRY

I R B R — DR A 2R, W R
B ORE RIS B A A 2 A AR s A R AR
2 o1 RS S BR AR ELAEF, 15 0 0L 5 D4 4 32
TR 0 AL S5 F R RE 14 3 2 3 BULIRLEh /722 1
e8RS AL G J5% o T RE AR B, DA T 4 e ) o i A
22 ol oL P AR 2R AT VR AR ) KA. R ET
ST L R B R LA A TR R A R,
B V22 AHSCHIL AR i oA 1] . DAL, R NAIE 70 I
KB LARTHFENLR], ASBUAT BLSE 3 NATTRS NI
BIERER T, AT LAHES) NI S Ak T 5T LA
FeMmPRBITTT, D il 5 3R B (R I 97 3 BO T
SR FERN IS AROR BB ST AR, 7 2SR A2 A
Koy FAUE Sl B AL e MR EAER], DMERE
T3 7RI R B L. BeAh, R B P
FCI LB B AL, DU AT R T 75
2. IR LB T R AR T BT AR T I AL P £
T ELL A S e R
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The maintenance of normal brain development and function is attributed to the unique anatomical structure, physiological function,
and homeostasis maintenance mechanism of the cerebral vascular network. This network is regulated by various molecules, such as
VEGF, NRP1, and TGF-f. Cerebrovascular diseases and neurodegenerative diseases (e.g., cerebral arteriovenous malformation and
Alzheimer’s disease) can occur due to abnormal or impaired cerebrovascular development. The understanding of these diseases has
improved in the past decades, but their pathogenesis remains unclear, therefore safer and more effective treatment strategies for these
diseases are urgent to be developed. Animal models have become a crucial tool for exploring the pathogenesis and physiological
characteristics of central nervous system diseases. This review focuses on the latest progress on cerebrovascular development and its
regulation mechanism, cerebrovascular diseases, and cerebrovascular diseases models, which will provide valuable reference for
basic and clinical research involving cerebrovascular diseases.

cerebrovascular development, molecular regulation, cerebral arteriovenous malformation, Alzheimer’s disease,
cerebrovascular disease model
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