FED 20226F 98 $53% H 18  Chinese Traditional and Herbal Drugs 2022 September Vol. 53 No. 18 * 5851 »

i )s I B Fom SRR EHYAR BY K2 6l 5 SR IR ST it IR

IHEA, ®IT, 7 B, BEL, AL
Wi PR 2R PR S A A e PG BRSO IR R e R SRR, T KD 410208

8 E: W/ (cerebral small vessel disease, CSVD) & HH T 1 P4 1IN U 19 B0 25 TR 98 14058 28 B B0 I ARl ot 8 e 0, A
o 25 R RO LA PR R ) R R R, B RN WA R MR AR, R AL T e -5 AN I I B 1 K
VETE. AR ThReRRAS . M- R BERE T R 2. RAERANBE SR RKA K. A IRT CSVD [ A 78 s BEAL 22 B 6
Jiik, HlEAIE R B R R R E AR O R A SR A EE . YATHEN CSVD SRR IS CSVD R,
IR AR S8 % CSVD M8, JE[HEM CSVD AL, f/IME Fi2%E CSVD %%, M CSVD BBIEE .. 47 h% 53
AR MR s S A B SRIR T AT AR E N AME 55 CSVD B AL SR, B ERIRAIRR CSVD KRR HLHIFIEE
TFa] 537 ¥ B /I~ 1035 97 P B8 2 it R 3R R 3 5%

KHEIR: W/ ZhREAY; B Z; (RMEEDR I/ B AL s oo o SR 3 B A% i/ LA AR 2 s JEPRMS AMf / )
MR s fl/ IS A ZE 0 /I I A 9 A 25

FESHES: R285.51 XEFRERG: A YEHS: 0253 - 2670(2022)18 - 5851 - 10

DOI: 10.7501/j.issn.0253-2670.2022.18.028

Research progress on experimental animal models and preparation methods of
cerebral small vessel disease
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Abstract: Cerebral small vessel disease (CSVD) is a cerebrovascular disease caused by dynamic diffuse lesions of intracranial
microvascular. It is the main cause of stroke and vascular dementia, with high concealment, high incidence rate and high disability rate.
Its pathogenesis may be related to reduced cerebral blood flow or chronic cerebral hypoperfusion, endothelial dysfunction, impaired
blood-cerebrospinal fluid barrier function, inflammatory response and heredity. Therefore, in order to effectively explore the
pathological mechanism and prevention methods of CSVD in traditional Chinese and Western medicine, it is particularly important to
prepare suitable animal models that can demonstrate the characteristics and advantages of traditional Chinese medicine. The current
CSVD animal models include low perfusion injury CSVD model, hypertension target organ injury CSVD model, gene modified CSVD
model, and microembolization CSVD model. Research progress on animal models of CSVD at home and abroad in recent years from
the perspectives of model establishment, behavior, pathological changes, and advantages and disadvantages of models were reviewed
in this paper, in order to provide model animal reference for in-depth exploration of the pathogenesis of CSVD and for innovative drug
research and development for the prevention and treatment of the disease.
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Jii /N L% 995 (cerebral small vessel disease,
CSVD) & 1 7% T X 52 M i 9 /Nl stk
B /NIRRT T3 B0 — R AR R
A% WBERZEAEN . CSVD 5 BT SR AR i
25%, 2 ME PR 1) F 2R A 5 5 AAHEE,
CSVD BAH XSG SIE 1 5, KR E
PRI R TR RV 2= 388 0 3 £ R IR R IAA —, &
Pt CSVD AI RN LR A, 121 CSVD [k
I, T TGIGARIEAR , B A 3 A2 3 e B8 25 m] A
B 1838, 15RO (E AT S L. CSVD MK
Wr 3 EAREE A, MEZ T2 B bR
#HE, WK R MR AN, R R R LE
CSVD WFFiay7 it 7N mUF R 3
R PRI REB), B R CSVD 9% R AL B T 4
—IANR, (HZ2HIAREEZIN A CSVD i i 78 figi Al
ik, S T LB NKCEVIAESS, it 8 Sk
RARZAE, DU LB SENEMT T AR, ASIT RE
A, gk LA AR AL AR T fi 2R B gk
D37 TN 7/ P O S S A == o B NN e S e
AP I AR 38 26 S5 AT HRHIE IS VR 0 B R
TFRURBY gk — B HRE CSVD (¥ H 76 B 5 B AL
HIFBE G, ZHEA CSVD i EEARR s AT PRI
PSP AL sk . H RIS N A E CSVD
R (1) 77 VA BH 28 30 3 ik SUMAR EE A . RS
PR I 4547 « BRI . SR TR 28 58, AR
05 B S A] L /) I A L s IR e A B A i
H TR AS 3 Fh 32 B AR, AR SCLERIR T 4 Fp CSVD
S AR T L BAT N S S B O | A
R 55, DUOAWEFE CSVD /) it B2 R AL
HIF 25T ia P it A 2%

1 REEHA CSVD =8
1.1 I shBkAIZE (bilateral carotid artery
occlusion, BCAO) HIXFEIRH!

BCAO 58S 52 K F AMRHAE 28 7K A 25 FL K R
) 250 B ik T B N2 B AR R 2] B R I
TR 70%01, 2~3 A~ HIZEWTIKE 2 HE L1
50%~90%(7. R J5 4~5 Ji 23 H B0 (8] 2% T e Sy Fl
L EE 12 AE A RS 00, RS 3~7d, ik
FEULEE ] WAL A, I = . PRI, M3
MEFLAER I A BURAL, Jo A 2 AR i
AR XSS B Bk Bk 4 (bilateral common
carotid artery stenosis, BCAS) #RALZE¥NIE 0.18
mm. T5FE 0.50 mm. SACAE 2.5 mm FTLk B ZE S

£ C5TBU6 /N — MU Bl ik 7y M, - TR /s
I J5 R 57— 2k Bl S X U S0 B0 JROR R ) 7
B AN (& 1D,

AN E K
N Bk
KLl
HE

=
TR
=,
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1 BCAS t&&/12
Fig. 1 BCAS model"?

ARJE 2h, WMREFEE 67%, AJ5F 1dMM7R
B MEWE N2, ARG 22 d /NI BB A
TZEREN . RJE 1A H B WHRIRAR . R 7et%. !
BTAMARAE A BURAS, B AP iy 53, R
AL/ 5 £ L R R T S o A L O H B ) RS 6
AN BEFER S (magnetic resonance imaging
MRD Pl e] WP 2 ) BT AL =40 2 KR
JEAE R BT AEAE, TR 3 AT OfL A A R A T
HERR . EBENGOR . £T YRR B UTRIIAE 4T 4 R AR
HE0A . XA SR AR R AERER (asymmetrical
common carotid artery stenosis, ACAS) HIJEE 7L
TR MLRIE (42 0.18 mm) JELETE CSTBL/6) /MR
FEMZUEENIK, [FRCE Ameroid f8PEAR M (AR
0.5mm. #Mf3.25mm. KA 1.28 mm) HAAMZ
BRI E (B 2). RJ5 28 d #\ Ameroid
M BNRK 56 42 P2, I IR N 73% . 8 el I fii
MIREN 75%. FEFSEDIRENIT NITHE, PNRARE
14 d HILEFRIFFFZIATC ST, 28 d HILAAN
ThREBRAT, P B 503 mT LA ) B o T 22 Ak sk af A A6
HEkE, AN E AR R AT A o 4 A D),

gib, 3 MUEIYE LA BUR B A, WA
WF7C CSVD HBRB A A RIS AR . AR
BCAO BRI AR ] Bl AIS, R BRAE T 5w B
B AT 22 20 N D RE VAL 8 2 U], A
EEHET N, NBEE BCAO BEIIAET R, 2
HAE BCAO HRAYEERN b B T o B I P 2
A (modified 2 vessel occlusion, Modified 2VO),
AARRLIE HI AR LR e 5 4L B — IS B ik, (8]
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K& 1 JE G E S LSS sk i Sr ), KR EAT
AT RS BCAO A6, (HAET-H
23 NP, BCAS BIBIERAER R, sAFIZET HAK
HIVPAGME, A M2y 0.18 mm il
LRPBlE A, RS R, EBGEA RN
ZNH . ACAS BIYARJGILTZ LN 20%, Wl G AL
/INBR R SE AN RN D BERRAS,  HH T X390 4 B ik
55 FH AN [ 110 368 A2 2 3 ol 2 0 i 2 Bk ol 1 52
IANTE], BRI AT DAAE R A S 6 24 0] SR L7 280 )
SERGARAY o JR R R TR i 4 R ey HLA DL A It
B ARDS), AR 355 CSVD AR 55 Hp [ 55 BEL i 2%
EZRL 5 BRALARARARL, 938 I BH T Ak, A< mASIE,
B T%, WIHBARRANE . RSN, Al T
BELA £ 780 CSVD FRIAHSSHF 7T 50,
1.2 MAAEEHYESHRE

SEARSE 1) 245403 S AR Y S 3 s S AR e Rk P R
-1 F—SA B A BEAIHIR N(G)AFZE-L-H 2 R
fig (L-NAME) IB6EiE N E IS S ik Fia /N BR Y
T S5 B RS L WSO B AT I IR B R P o A
FRINJE, /N RAT LR M S ThRERRRS, K5 1d
MRI SR B AR Sos WG I =iE 5 . RS 8 A
P BT L JE PR R R AN O, A LA R N A
FR A, MY AE, TR SRR, Tk T S
CSVD B Jii Pl Fua sl 2Py f7 -1 8k L-N5-
(1- TR L F)SEE (L-NIO) VB E/IN R N =
J Bl 5 B R R BRI S /N BROR AR Th RE Rt
EAT W30 SR AR, 7 vE AT ] CSVD A TR
AR AN AR Y AR AR i AE T e AL, RIR
PEAE T4 M 2505 IR BN = G A0 T R, B

SCHERIRE 21 Sk 5 R0 IR T i 30° 41301k £ i T
W 2 PRI A T2 5200,

2 SMEMEXM CSVD EE

2.1 B%.M&MEKXKER (spontaneous hypertensive
rat, SHR) {%&!

SHR 2 HH &8 1 L PR A Wistar KBRS B 3K
3. 12 A% SHR 445 >200 mm Hg (1 mm Hg=
133 Pa). 30~34 JA#S SHR HIAE A TAEIL1Z%2
5o 35 JAi% SHR A7 MRI K25 A L KMl 245 1 11 i
TR, HEVAHTIESE T 5 A A A R PR of i
PRI DN RERRAST, JEAEA B 2 B /N T 4 AR
JE A RS A2, A K i JE A AR I, I
i) L 1) 5t B S 1 R S522-23), ) 4F SHR H 30 W S 1)
06 T 2 L ATAROWL 225 46 A B, 26 W] SHR 7T g & — b
FLH] CSVD WA R sh YR AR, i Eh iR os
SHR fg N M HAL, HE 4etan] W/ kA oM
FEE, B, mEREER, 5Kk
WA CSVD Y IMLE R BR S5 SRARL, AT AR At )
FkAE AL E CSVD sh# i #l24], Kitamura 252514
CSVD s[5 DA 2% vy ML 3 0 A VB ¥ 452 5 IR 3% A 46
ERIEE T B R v s KBRS S5 S ik 32 P 2
( SHRs subjected to the bilateral common carotid
artery gradual occlusion, SHR-2VGO) #5744, FH#
BT e Ameroid 12YE4E E M (N4Z 0.5 mm)
Iy BN SHR XU #58 3h fikos BRI B . 34 e
7 d i ML LA T B B RE L AKF 1) 68%, 28 d ik
ML 970 B 32 P 52 FE S 7K 1Y) 82%, KRR 7 8] LA
TZW AR, EFURAR R, 98 W 5 3 i o 21 4
P 1 A 5 2 B 1P 2 T I 0 L i 4% AT 1 B 2
S0, AER D0 W S PR AL R R AR O AR AT R
TN AR B 5 808 . SHR I SHR-2VGO F44Y
HRE BT FE CSVD HERAR RS, (Hf5#E
i CSVD i AR5 B AR F) 1 75 H. 6 4 R 5 10 s
5 o
22 ZEHRLMSMIEY CSVD HE

2 X g k& I & K B Cstroke-prone
spontaneously hypertensive rat, SHRSP) s&{E SHR
el B E MR, HEME SHRSP & H R &
ik 80%, 3 H i SHRSP Ysi4i k414 200 mm Hg. 24
JA#e SHRSP JEF[EICIZRE ) & TFE, ThAsA)s:
STREJTZ A B R R, 4~5 A H I 46 H BN 1) A2
1k, 9 AN H B BUEAEAT H 2ol s EE AT L Py R 45
3, MG BE R D RERRRT, /NBIAKEERG S AR LA
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BB AR A, RSB R A .
SHRSP 15 #h % i 23 0 i =y 1 s AR ZE ) K e, B
SN FT BE 2 19 0 o 7 PRz e, 1 i 4 A 7
A, HFBOCRIE R A0 TR, [ ks SHRSP /E A
CSVD SRR IR B 12 36t S 21 h 2 5 ). AR Y
BA R A B i KNMIUVERAS 2 R & i
JtE CSVD H i A2 R R B0,
23 SEFPEMEMSMEYE CSVD 125

Gy A H IS P I K B (Cstroke-prone
renovascular hypertensive rat, RHRSP) A7 ,E F4
Je (WAE 0.3 mm) i SD K BN 1 2 kAR #5175
KRR R . RHRSP A H [ K200 62%. A
J& 12 8 RHRSP W4 E4EFF7E 200 mm Hg /247 .
20 J&i% RHRSP LA S AL AZ R8RS . 6 Jie
RHRSP 5 B 0] WL 2wy ek P i A7 OIS i
I RIS B D FOPREE D REBRAE  CfhiE TR
5. 20 JAKkS RHRSP j#id MRIT2 JAUEAL I H T
gt MErEEREEY, DERilahEE.
S BR A5 T A] WL 5T B SR AN A SRR, R
BERAMP S LT AR K, SCRRMPEARE IR I [
Nt UL B G P /N B KT 4 B IR IR BE .  BH T 1
AR AL EE P, I AR AN L3R 1 A e N4
SR BRI BRI . MBAFF S CSVD [ H BT A2
AN A8 g BR e AR B2, b4, A 5 AR
RHRSP %At EH 5-0 (122 28 56 45 4L K B I 250E
Bk, ARG 1 J8 f5 LA s sk, #3015
2 e I A v L K B/ S0 R OUN S 3 fik A 2
S A5 BT (stroke-prone renovascular hypertensive
rat/modified 2 vessel occlusion , RHRSP/Modified
2V0). AJ5E 12 JAK B4 >180 mm Hg, K BAF
FE B2 B 2 TR AN PRt o g 3 26038 ] L 5/R I8 18 1 5
WAL, BRI MEER . TR RN A LR YR R
UM i =5 55 60 9 IR AA B Mg WS, SR ARG A P R AL
IR TV R KRR SRR o 5 X ) /N LA ) L%
B RE [r) 00 1 3G R LI RN A Al e A2 331,
RHRSP F! RHRSP/Modified 2VO #5284 357 0] I3 F5 &
CSVD ) F 5 AR RN A3 BE O, WA AR 9T
CSVD B AR A FIFEFG AR, A8 5 -7,
FRARR, BRI LE TR BRU A R 22 S wf D328 1) B ik e
R, TIRESIE R ThREHFE 0L,
24 MERKE NFSSMEN CSVD HE

MR KE 11 % T & MLEME CSVD AR 7E
C57BL/6N /N FHEANEA Angll 7822 [1000

ng/(kg-min), HEFRN 11 pl/nh] FEAEGOKF AN
L-NAMEL (100 mg/kg), MM & sl K& Ff
sEe2h 4 A JEURHE S ATIA 150 mm Hg /245 . A
/NRAEAT N2 5 TR B N EN D REAE 2 B B R
B o MR A 25 ] LA 2 3 DR RN By 22 45 . UK PR/
R BE ARG 0, EA DL B SR 1) (B4, TR =
BRG] W, 0 R N 2 B AT, I T R SRR S
fy e IS PR B RS 5 (4 J1D o 8 T A D i 5 R
NEJE ., HREE M AL SR . /N BT A BRI
I 57 B yB IR PN B A v AL A e A B SR 4R . %
AT Bk CSVD HICBEARAE, H453h ik
AR MM BB AR A . A 20E . R U I
PR, I EA A CSVD #4022 E, W 1E
IR B R CSVD /N R RIBY, Afi
B R IRYEAE TAERRK, SRS, TR
18 P v L A 0L 3 1 B AR
25 EFKGEESMEM CSVD &3

FENkG A LB CSVD AL E T A%
R TR AR = B AR AT 2~4 em I BR8N 3 2.0~
2.5 mm MIffiF RS ERE K (B 3. RiF 1FER
PUYS4E > 150 mm Hg [IERIREER T 181277
AT JTEINFIRIAT A T7 TR 2 8, e
JE<<150 mm Hg MIERMEIAFIPIEARE, RKHIA
FNTHREAE 5 R TS A CBS), il b, i
E RS TR I (B <500 pm),
PEA TR e TR AT M A=, BECPE 20 A5 T ORI R IR ki
TN A SRR 5T, G A HT Al 536381, /Nl
Fikp A5 AT D0 L B )L . AR ) CSVD AR
(0 S AUIAS PR B D R B AR 2 . AR A A
15 T8 F R KRB i 1555 REARADL N i BRAS
JRPRVELE T B BEERTE ™, AT 5.
3 HEEIFHEX CSVD =3
31 ARB—SFEAEE (endothelial nitric oxide
synthase, eNOS) EFEERBE/NFRIRE

— A BRI L DR B B R T R T, AR

2 mm

B3 MEBKGEETEERY

Fig. 3 Schematic diagram of thoracic aortic coarctation!>!
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TR A R G 1) S AR AR, S5 iR
(17 B R AP e R A AT IE ST . eNOS 2
M4 o — AR F BRI A2 W R R TR
FRRER/N R eNOS BRI EE T eNOS F: PRI BB /)N
BUBLRY . /N R IS A . AR, A
TR J5 40 P 184 2 R I fi g B2 s, V5 0 DA A T
MR TN, B RS, AT B R
DA CAnsgimsit Bz i Aniig 5 ), 3& W] W3] CSVD AH
IR Y R 2 UL i Vg K L& (cerebral amyloid
angiopathy, CAA). il FEEFEA 2K AL .
HrAE /N AT L R B BUR AR . = I/ LAV
HEfA M2 U AL ROE S IRNG . 2/ NI
T2 RS . AR B B8 G HE VR
WL B 4 5 ph 2 AR T R SR TR N R AR B R
PE CSVD AL, 1Z A 1) J) PR AE TR AE K 8 &
PEIE ELAR M e I HE VAR LB,
3.2 CAA &R

CAA 2 B-JEMFEE I (amyloid B protein, AB)
TE 3R SRR 17 Jo 2 149 /N3 ik DA % ki =6 48 1L A7 P
TR 5 5 B AE () CSVDHO4, A 22 % A
APP770SwDI #4 2 pidit & syt i 2] SD KR
GIRR A A T 1T DI LR KR, CAA HiAY,
KR 3 AN H B R K R 5 ¥ R e Mg ] AL S A
BTN RIS AR B, R TRIR 5T 40 LA /N i 5T
YHMLE, A RIS AT N RS . 12 4
H R BN UL AB PTAR 2 5 BB 41 I 4544 L%,
FEAR A R IR 98, 3R m] LA i AN IfL 55 P 2
(AT, FAMEREUEE RS AR tE, &
TR J55 44 L H 40 0 1 B -3 O, DA T
F T SEREME RN, IR L 25 1 R AR 25 2 4 MR
o B 42431, AR R BRAE I AR AR R
FIENE CAA fif 22/ Z i 41 E22Q/D23N =45 1] AB,
AR NIRRT CAA T 2R A SEab AR, AR ik
MK BAEAEEES AR T/ NREA RS, FRK
5 NRHEHLIR . rTg DI KRBT/ L CAA Al
T e I A 9 LA R T a7 4 g it 7 —F
TR A2,
33 2EREEBB 1 (high-temperature
requirement A serine peptidase 1, HTRA1) EFEE
HNRAREY

HTRAI FER AL 0] S E LR 85 CSVD
BV AF: 7 5 A SN 11 5T A0 1 o e A B i 3k A

fxizlfikii (cerebral autosomal recessive arteriopathy

with subcortical infarcts and leuconcephalopathy ,
CARASIL). HTRAI FEFRA 35 HTRA1 B
B ThRE R SR, A5 N /N TSP LR B (vascular
smooth muscle cells, VSMCs) H i % AR, 5
JIEWRE A AR AP HE o AR | 5T £ 4 33k
EFEVIBTUIAR, B S /NSRRI A B 7k 3 Bk
A B8 AP A o L 591 FH b R0 1o ) 6 1
MEE P R HA KRG Cclustered regularly
interspaced  short palindromic repeats/CRISPR-
associated 9, CRISPR/Cas9) F: K g AR T —
FhRIE N HTRAL $£[R L364P Z8748 (A ) 25 20 /)N FUASE
B, WEEEIN HTRAT R R 2 A /N VSMCs 41
iRk, %S VSMCs T2, S8 VSMCs K%
%, A W5 CARASIL HEHRLIMZEF ., HE.
IO 2 K i) o 1 TR 45 ) 2 L A58 DA 3 UMY IFL 5
PR . RN SRE BT B CARASIL F 2E
B, NIRRT SR AT R 16 ST #E A
34 FEBRTERMBRMFRNEREKEMIERE
% X =) Bk 7w
arteriopathy  with
leukoencephalopathy, CADASIL) EEZ3Z/\FRi&EHY

Notch3 BRI L RAL ] 2 BU— Pl Hy WK 4%
P4 CSVD Bl CADASILI 6], CADASIL i 4% s 2 7F
Hh /N B Zy fik v S AR URLIR BE S o, 1E T 3 B
VSMCs HIBE TR . TgNotch3R%C, TgNotch3C4288,
TgNotch3R19C, TgNotch3R131C TgNotch3 4R )]
JL NOTCH3EC BLIRAMIELRY) BRI, Hd R169C
AT L oA 4 B 7 B O RT D) RE R BT
WT A Notch3. WT §i Notch3. TgNotch3R!42C #4)k
JLAMVEp BRI, T B 5 AR AL i I S A
TgNotch3R170C /N (] A HE L FEER Y I TAR . VSMCs &5
R ARMIIRIRRS R Sl SABESE . 2RI 5T
I A 5 B AR R L R R BB S SRR,
T TgNotch3R182C /N R R I H fE & FE Rl NOTCH3
RNA Fik/K-F RIS, W& HRY) B A W e L8 TR,
SR JF B A I SE BT R AW, B AR F
“Notch3 114} ” /& CADASIL )58 &Abricdy, wf
LI EPRE CADASIL #6358 [R5 Tl R V6 7 T
R I0L,
35 IVEIREZEH ol (al type IV collagen,
COL4AD) E[FZEEL/NRIERY

COL4A1 H:H%ifih COL4A1 %, COL4A1 &Kk
JEC L (1) 2 BELE M 50, COL4AT FE R R KR4y S

( cerebral autosomal dominant

subcortical infarcts and
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MR RGP Gly-X-Y S F5 N & AR ST
H SRR i R BT Y, I PR R LA RN /N I
PR SN FLIN M FE « 3845 M ) L9 B s 3 ik
9o AN UL PR PR 2R 4R S AEBY . Gould 45 T
COL4AI RAZMEM /N IAS 15 CS7BL/6) MEPE/IN
B O BR A0 B 3 AT AR AN 2K, AR JE s I G A 2
FVB/NJ M 1 /N B N 4 B 7 4 2 &
COL4AT"2x40 /INER o /NBRS Ty AR B R 22 ek P i
s, CASERERTTIX A3, S8 H ot ) SR R AT g
T AR B[R] T B0 A AR S R 4 AR P e 5 3
R, Rk AME SR ZE (A1) A —
SEFR R AN R AR RT H BB S A 4R T RE B,
AL FEIIR AR e o L A1 AT UL B A ) HoAth %
TR0 400 PO 6% i L f /N B TR R B DL R B
FEAKR. WA EH] COL4AT FHER T K
CSVD i H I sE 4
4 WUNEFREZE CSVD EE
4.1 MEKFHMIETERE

Silasi 55438 B 3K 2000 H/N 5 OGIER(E
22920 pm) VESSF Thyl-GFP % HE K] /)N 6L 500 55
SB[ R R L By 3 B JikORD S A b sl ik, 4 A
T CSVD AR (K 4), MERMERUER
Wi VT B 5 3 /NSRRI R/ (10~20 pm) SHE . il
5 Sl e R e L el T N ) ol ) 2
BRA B S E 7% AR, 16% IR & gt ,
21%MIBER B & T /N R AN I 3E . RS 4 &/
BHH IR T 3 O K IE BB A A N Th e P .
HEAT UL A ZE ()i S X U 25 R sk e 2 n 246,
J5R AR P P A 28 DA B SOIR A2 RN e it B0 < T sl Al 3R
AT . RIS AE T AT A FE U AE

Vi F2IE BNk
“ oMk
FABK [

Bk

4 BEECESHIEE RS

Fig. 4 Microsphere injection microinfarction model!>*!

FI A XA, SR BRAVELE T B A BoR BER B 453,
4.2 SPEERFMAE+E EIREY

FH 3 v JUEL ] e i 5 A i ke 1f % e
HIVEFAFAE S, DR Kraft S5000%5 11K %5 5 BE
B 521k (low density lipoprotein receptor, LDLR)
I IR B i TR/ BRU B0 ko RERE AL B (15% 3L T A
1.25%JIH [E] 75 ) 9 J&] wJ 175 3 /)N Bl 28 v L 2] T L 3 T
SEUMA R ZE MBSO A AL /)
BOINRT XA D) RER T 1E 6 H#e LDLR™ /M
RIEMIMAE N AR RN R, 12 Hig
LDLR ™/ i P 2140 e e £ 3K W1 o2l T 474 R
I S o G ABE TR 2 B s I [ I RE 5
etk CSVD RAH G, LDLR/NERALT 2 5T
M1%E CSVD Wi ah Py . AHR R i 0 s AE i
BT RE AT AT, SRBEAE T [R] N A i BOK L )
KA FERELL, MR R . HEEINNERE
RRE . RBEAT SRS FEURAME, Ktk
A, ANUHERE, RIE T 52 H A TR .
AR S 30 I v AR AR 5 e L[] e IR A A% 1T A
W R BRI FE A TS R R 2R, SR R
BAT, KEEH” 00 E BRI B AR x
A AL, " TH 455 CSVD 1
LRI T o
5 g

CSVD & FH T/ A BN ML PR B8 R T P T A
FIT B DL T 5 A I 2 v R LA P i R ) 2
BRI, BAERRENE. SRRE. @B R SR
R R AT e 55 0 I D B 1 DR i
L W THRERERG . M-I B RR DI RE 3240 . 2OAE
SN AE S K3 AT R . A AR CSVD HH g
R B S BiR T, il G il i) HL R s v 2
AR OB RSBV E R . HETEN X CSVD
A Zh P8 EE R M), Hh KRR, /b
B WRNMTEZ, EANRKIESN TR, A
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&1 CSVD Sh¥ERI4SE
Table 1 Characteristics of animal models of CSVD
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AN A AN RISk Pl 2 o P 357 5L )
JikAH R AL B
3 C57BL/6J /MR MBS KRG LE R (4742 0.8 mm), / + + / + + 15
AMEESIKA RO BN E Ameroid BHAER (K
£ 0.5 mm)
4 bz VA Sve Bl IRE L /P S NN ISR PN L - + + - - + 1820
= MR35
5 ] + + + + + /2124
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28
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2.0~2.5mm
SR B
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14 FIF Donor & CRISPR/Cas9 HiAMIdHKIAN HTRAI £ + / + / / /45
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15 L2 SR E TSN + + + + + + 4750
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1-BCAO #8  2-BCAS #iZl!  3-ACAS M 4-STHGE M ZPESHER  5-SHR BB 6-SHR-2VGO M 7-5 A5 F R Pk i e CSVD
MRy 8- AR v 1 s i IR 1 CSVD A4 9-RHRSP/Modified 2VO A8 10-MA R K F 11 1 Stk CSVD B 11-EF)IKGE% =
MY CSVD AL 12-eNOSFEHBFa/N AL 13-CAABIR  14-HTRAI FEHN F AL/ AR 15-CADASIL JE K RAE /N 16-COL4A4T
FERRAHER 17-WORIESH AT 18-mIHE A M AR FERAY . AR —- TR RIS

1-BCAO model 2-BCAS model 3-ACAS model 4-stereotactic drug injection model 5-SHR model 6-SHR-2VGO model 7-stroke prone
spontaneous hypertensive CSVD model 8- CSVD model of renal vascular hypertension prone to stroke 9-RHRSP/Modified 2VO model 10-
angiotensin [I-induced hypertensive CSVD model 11-hypertensive CSVD model of aortic coarctation 12-eNOS genetically defective mouse model 13-
CAA model 14-HTRAI recombinant mouse model 15-CADASIL gene mutant mouse model 16-COL4A41 gene mutation model 17-microinfarct
model by microsphere injection 18-hypercholesterolemia embolization model; +-there are associated lesions —-there are no associated lesions /-not

reported
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