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[ Abstract] Central nervous system ( CNS) diseases have become a major global public health challenge.
With the extension of human lifespan and the intensification of population aging, the incidence of these diseases has
shown a significant upward trend, yet their clinical treatment still faces critical technological bottlenecks. The pres-
ence of the blood-brain barrier ( BBB) hinders the delivery of over 98% of small-molecule drugs and nearly all
macromolecular drugs into the brain, rendering conventional drug administration methods unable to achieve effective
therapeutic concentrations. In recent years, brain-targeted nano-drug delivery systems based on nanotechnology
have demonstrated breakthrough potential; nanocarriers can improve the efficiency of drug crossing the BBB through
size effects; surface functional modifications enable precise drug delivery to the brain. This article describes the
composition and function of the BBB, the types of nanocarriers, and brain-targeting strategies via functional group
modifications, aiming to provide theoretical foundations and technical references for developing safe and efficient

brain-targeted nano-drug delivery systems.
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R #H 28 R 48 ( central nervous system, CNS) %
o PR HG B R BOE R MR UR 2 AR R L B
J Ay A 3R s S T A A R R AR, AR e L
ALAR RIS - QD I e M, 5 3R T e A R %
(cryptococcal meningitis, CM) "' ;@) Jifrssd 4 %9 , a0
& 5 B 4 ifL 988 ( glioblastoma multiforme , GBM)‘2 ;
@ PR AT 1 B0 , QN BT 2K 2% 3R (Alzheimer’s
disease, AD) "' F1 {1 4 7% %5 ( Parkinson’s disease,
PD) " @) i it VBT, WA o S BR
TR T im0 A% O TN 8 IR I SR BRE ( blood-brain
barrier, BBB) [ 4 5k 4= L 45 44, & #2319 K 2 800
STAMAILTE A R T (INE R 2
K GRITPEBUIR X IR 55 ) #RME LA S B BBB, &
O P4 24 40 e B R I e R YT RS2 PR A 5
f BBB FR , E 1 AT CNS B ia T7 0T 58 1Y S B
Flag ) i, BT, VA7 CNS S5 1 s &8 i3 245 )5 vk vl
SR RRAK W BBB HRFIAER AKX =2,
R AU T5 ik 32 A A5 I = 0 A i S 5T A A
s F SR PR RS R Y
PRV BBB 45 2 3 R (I H e i) R RS
I P, B 4 A 25 R, L e 7 I 9 % BBB 3l i 1 52
MYk o BSRIX Se IRy Pk e T LR AR A
A B H AT IF BBB (AL T 685 80w 5 A& Fn
RAEAT T A AR 5 M IEA G N, A7 1R 175 K P 22 T i
5 F A R 25 T A RS AR R AR A A
PR e kT S R 28 B 2 2 A o LR Dk B A 22
525 25 AR R 1 9 K 338 2 AR e TR R R e AN T
R . Hob, 28 5 ik 24 1l 2o 2 4 2 50 (R
Jot B L AR R A5 ) AL TT 4 T 25 98 E L (AT 2 PR
T i AR PR 5 B K Y W AR TS B IR R A8 AL
S

VAR, 9K HOR Y T K SR HE S T kA 1] 44
Kb 25 RIS FERE 31X Ty CNS 245 1y (oK o 28 1%
WAL T AT AE . BT BBB PN %Ik 1055 1k
Z KR A F R F RN LR E T R M)
AE Ak 1 7 18 5 07 28 6 B, 15 A 1 95 9 oK 804 1 figi 42
6] B8 3, T4 T 25 4 78 i 9 kAR AL B A . AR
SCEEIR T Tl RE KL 18 i SR s A i 1) 40 K i 24 R e o
BB FEHE I, U O 5 i NS 25 ) 388 58 iR 80 T &
L ) Kk 2 R RS
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1 BBBHIAEMKIER

BBB & i i 4 145 P9 B2 40 i ( brain microvascu-
lar endothelial cells, BMECs) % H: 40 i [5] 19 % 2% %
F 52 B YRR | S A AR TR IR 5 40 i A2 R LG
(1 o 2 52 RS 2 (DL 1) A A T I I
L (0] ) — b 3l 25 B Bt 0 S — ol g 2 5 P 9 o
BB IR B, BMECs Nz H: 40 Jf 18] i %5 %% 3% 45 2
BBB #y £ # 45 , BBB | Y %% & £ 8 11 (tight
junction protein, TJP) fy 5 f& 25 1 40 i 53 fIL 3 25
AR, Horb de £ 2 TIP & T & & 1 (Occlu-
din) A4 8 1 % % ( Claudins ) , 7T LLfff BMECs %X
WA, A R BBB A g BEL T M BEE o B, IR A 26
5340y B 2ok A0 Y 5 3 B R N ORI 5 5 Y R I R
TR NVAREES JZFHEER SEAANRRK L
T JHT 2R 2 11 SR 2 1k, A 3kt S kb TR ) B 5 1R 1Y i
EARTE A SRR 1 5 B2 TR I Jo 40 L 9 A2 5% 2 1
R A) 11 i S5 RS, B o E B A il 4 A [ BB fR UE BBB
AISEREME . =3 Sk [a) 4 A B 0 A AR Z5 4 4
il ML 5 CNS W) B4 , P45 il 9 Bl 3 35 Ak T 3
SORAS X4 F CNS M IEH AR IR S B EE
e Ah, BMECs 5 3% 36 A Jil I A8 P9 5 40 i AH 1L, R
T A VF 2 45 S M 3R IR B B s R M2 AR, T o 3 24
Yyl i BBB., S Mk B 1] 336 3%

EIRBR MR R

B~

BMECs

B 1 BBB 4k

2 gk E SR

29K A AR o 25 4 16 3K 2R 8 B O 2L, T
R S T RAW SR S, R
A LA K Bk | TE LA K B R B D A ok ik
(WLIE 2)H



Chinese Journal of New Drugs 2026,35(8)

EP S

ZAARTEAN RO

B2 #oRERm

2.1 BNHKEHME

2.1.1 JEFRAKERAE B ST oK 2K (An A T4
EIREN YR R ANRYA I B L B A R Y =
AHZEE 5 T 3R B B v R A M S5 0 B 932 g
M TH KRG RS o BT 506 k7 16
WS e Pk 25 SRk A BESE N LT R T A
JBT 290 KA, 3 3 ] 25 6 JB A % 25 W) R T, 4 s 25 0 1
EIR FIBE o Khishvand 253 g 3L AR ) 45 % i
il 17 4 %K 2 P (resveratrol ,RSV ) f [E] 44 i 52 4
Kki (RSV-SLN) , 28 Box-Behnken % i+ 1k J5 , Fook
& AD SR IF BRI B 25 W) B E W 0k o 3L W
AR EAG = G- X% SLAH A5 A8 il A 4540 A 1k
5B RE ) 25 YR ORI AN A5 2055 Oy T B
FHiH" o Besh, Bian &Y IF & T — R L TN BERR
(berberine, BE) ) &5 {01 57 40 KA, 38 2ok %) 5 1144
75 FoET Y BE 417 A B BT E #EAT =R Ok [
FE P RAE pKa (H & poly (A) 255 R8T ], B4 Wi €
— Pl AR B BT 43, IR FH I B 0T 5 Wk A0 A JEC i 4
[ BE T, 45 A HLIR ¥ % & (scutellarin, ST) 5 BE 4%
B, TR TE LA AR S T B A R HE ] BE Y
BE-ST 44, HOR AU BB % 3% 2% siRNA, 38 J& 3t X/
S FZIP I mRNA {138 3% 7 77, S CNS %% R 7
P TR

2.1.2 REWAPKELE REWD KB (NE
BV IE R A KB I B i ASOIR R A W A5 ) AT it g3
T A e B Ak 2 A A i HL A 3 e 1 Pk ( pHY/ i/
R ) M K 25 R G L R IR S0

W52 (hyaluronic acid, HA) # 2 3 JK i , 5 B B
(camptothecin, CPT) ¥y i 7K ¥t , F) H] H & 1R ( gly-
cine, Gly) B HIE nL pH Wi 17 P f) 6 23 1 Jie o, R
Gly MRIL S CPT J 3 P il i) 15 58 7 it I/ 18R B4 5
KRR 25 W) , 1A A1 2 S0k B R B A I A A e
WPk . Lopez 258" SR FH B T3 2 Ak 1k i 46 17— b =
e 7 -7 SR BH B - 94 K B ik (CNN-CS-NG) |, & P
HPSEYG B H A RUF R A M AN B BBB AR ).
WA, BRI 55 W L AR RS B 1 o T 4540 5 m a2y
i, T pE R AR 7 e P 2 0 kR, R )
FETCAL R ] 52 BLEE IR 245 1) 55 407 25 1 ARG 4 R, I
ol i [70 338 2% 57 W g BRI A T AR A TR AR
2.2 UK

UL TE ML K AR A 1 A RORE L 48 G KR
AR ARG KR A T A (quantum dot, QD) A5, H;
TEIT — AL SRR B S 1 7 . S5 FDA HtifE
F1) 77 SR . 0 8 T T P S A 4k 400 R (A Feridex®
i Endorem®) L 7E 1 8 S A% 2 W v A 3 1
Ferreira 25" fif F [7 2 2 X 86 Y/90Y #ic /N £ 1L
TR AL 9 K ORL (86Y/90Y-Si0, ) o 52 B 4 R K W]
86Y/90Y-Si0, e H A ¥ 5 i e B 1] B AR e 1%k, N
IO A% 2R IR VA T S At TR R . A AR R T
( graphene quantum dot, GQD) & {8 T 1% ¢ St 7] ¥4 4
5w R WA, W) A5 52 2 4 7 35 S i AR, SR T
FAR T B 5| A i) P 25 M 0 2o D e R — AL B
i, IO #7297 ROR 5 A AT o A BT
T LA LA oK 3R AT 28 e B A 2 R 4 v 2800 Bk T
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TCHLEN KA A 1 B SE 3R 5 51 & i N & AR, oM &
RAE G ZITCH T Gao 7 WHF5TIE R T /MK R
21 i Y S A1 3% ¥ (extracellular vesicles, EVs) {E F #L
i, ST 2 W S PR O ERKL/2 5 5 30 % 7] 8 3%
R4 EVs BRI, WA RO B Bl 30 50 TEHL
AR AE Il N Y R
2.3 {AEMKEMEK

L5 AR AR AR F AR DL 2R 4 i
JIREC T £ 200 i /N AR B 5 200 R i R A i A5 ) £
B AR TR AN ISR R A A AR L A i e
£ A0 K AR B AT B 1Y A WA 2 R AR ) B
il M, )] SR AR AR 1 RE 98 S B A g b iR R )
Ui, BN R R — B A AT R A 4k B AT, Fan
FUUIFR T — PR R C6 NI (C6 cell mem-
brane, CCM ) £ # 10-32 5 5 44 B Y 44 K 128 24 52 42
(HCPT-NS/CCM) , #5530, CCM 7] 3@ oo [q] J5 40
] AL ] £ JF 25 ) B B BBB HE A AN, 2 3k i g 7
B, ARSI A 38 3o % T T A1 1 550 2 24 ) g Ak
A3 B i M 16 3 2% R 7o Mobahat 487 A
FHNF & A BT 20 i S0 6 A 171 2 22 3 R (hEnSCs-
Exo/Cur) , 7£ 6-32 5 2 1 155 5 19 PD /) [RUAE AU
TIESE H 0] R 4% 5 ik BBB, 10 i -2 i A2 2R 4 R4
IF R E s D Re i M & onia T, IR AR
XK P 1 IR AH 06 9% 3 ( adeno-associated virus, AAV)
FEARAR e I R IR R Gk BB ) S RAR g M 2

FEME, B BN CNS KA YT I o e 8k . B Rl
R B R R A EE A AAV IETEROT R, DL
TR 258826 . Huang 27 %P & T —
¥ TR1 B9 AAV K52 (BI-hTfR1) . BI-hTfR1 7]
fE N BMECs 1 F5h5%4z5 , 5 AAV9 ML, 7E N TFRC
BRI R /NEL CNS i i 25 Rk s 42/ 1 40 ~ 50
H L0 AAV SR TE CNS W AL KA 7 P 9 5% A
Wi,

PRI, SRR 0 290 0K B3R Al L DL R « 2 Ak
[EANGEEY/E SRS e s NI 3 e N N K B2 N IR TR
AR B BBB BE . WFSY R W R T e L A T
M A, RT3 e T M [ 3B X BE T o
3 Thae B8 05 B0 R 5 1E 5k A

BE T [ P A i B ) K B 25 RGN KB, 2
Wy e PR RS T 3 126 S S ARORE 0 0 ) R Sl A g TR
SRS o A HE 1] SR W G 2o 1 9 94 OK 41K 5 BMECs
LS G R T s s P-HEE A B 2 25 25 B K
TG 25 0 S HEVE T 36 0 25 0 7 B o 0 4 A .
) 8 Jra) SR S ) 388 S A oK A 1 S T 2 B AR A M A Bl
“ECMAR -2 AR R S ORI BILER AT S T BBB BRI,
S B A K B i A 1) 8 2% . H ET, BF X5 BBB Y
A ) 3o % ML AR 2R S R AR AN 3
iz ( carrier-mediated transport, CMT) W fff /) %% 12
(adsorptive-mediated transport, AMT) F15Z (K4 5 4%
iz (receptor-mediated transport, RMT) , UL 3,

L r—

Sp e\

e @

3 B5BE BBB Y HE a3 25 AL

e
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3.1 CMT

W B TR A CH TR 4 A 3R OFT E A BT A R
IR W) TR ZE OO IE W A B )RR T 2 1Y
BBB () BMECs 2 14 57 1 % 15 2 Fl W IR 1R 5% iz i
F, a0 L B IR #5312 45 1 ( L-type amino acid trans-
porter, LAT) %5 %4 B %% i2 75 [ ( glucose transporter,
GLUT) #01 lH §§ % iz & 4 ( choline transporter, CHT)
85 XS R FE at CMT HLH S PR 8 4208 32 9 i iy
5 S o (B AR U R 2, CMT B A7 XL Je) 3 5 2
AE : HC N 1) % ds 2R 496 07 50 100V v 1Y a0 7 ) 5 A s
TGS, T A 1) e 12 5 4t WU 3d 5 i I AR a6 I 4
OMEUME R A HE CNS BT o BT CMT (4 J ¢
P WF 5T 52 0 D7 A 3 2 SR M < 3l 2ok 490 oK 1R 3 T
Ay IRV S e SR A B R, L RR 68 O B
RV S CMT 523080 1] 35 3%
3.1.1 LAT LATI 7£ BBB . #f £ 7T 5 5z 40 g 1 i
TR bm Gk MR IE W A 8% B L B R 5A , X
A S A e L R T L 1) 2 1 B ARLRE
BT LATL SR W R 1k, DF 58 % % Rl A e 2 &
(levodopa, L-DOPA ) & PR e HATT A= WA hy 9 K %%
KIIEEHR . Gonzalez-Carter 257 i1 T —#h L-DOPA
B0 14 22 73 32 4 9 K BUREL ( L-DOPA-AuNFs ) , HoAH %5
T AR 7] 9 K UL, 7E AR S BBB AL rh i 55 2R
FERT, T RE N P L R A R S 8 Ak HLOAS S R
SiE S, 33X R A 28 8 AH OG0 B A 1) 3R T SR AL T
MG o B S R T R 1 A Y LR 25 b
KRL(L-STNP) , iZ 4K & il i LAT1 A 5 19 % iz Hl
il 52 B0 3 Bk 2 (temozolomide , TMZ) 5 & HidkE B
AR IR ) Jeb 2%, 38 5 400 o Je JB e 2 K [) i B A
P18 48 245 1 B R AE W AR A
3.1.2 CGLUT #i#pifE o Rk EZRER R Y, H
P58 BBB §% iz i AR T BMECs | R 3K 19
GLUTI iz 88 [ AR HH M o8 90% 1y fini P 47 26 4 8% HL,
X AR BUREPE S i RS ) 322G R R AR IR TR AR
GEWEF o BTy AR R WG, BIF S A E A
1 2 W IS AL EOOME S A T 245 18 U 1Y 9 K A, AT
ABOHHE GLUTL 4 5 1 5% iz 18 s R i BBB, Xie
e R ST — 16 U 1 R A K TR TR R
g5, A 3D6 Hrik i Brigdh ik 2= AD BEAL/N UK Y,
BEMWG T B IEMAEE N (amyloid-g, AB) UL,
Zhou % Ky g 1y i ) 17 B 44 K F 42 (Gal-NP@
sIBACEL) i o X3 H i #5 HL i 2 388 26 0% . D il i
JEE 5 SR BE 198 BBB () GLUT1 %ik;@ FIH
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2 FUBEAS Ui 20K S AR ] GLUTL, % 4K & 3 2o 8
MR A% (Gu ™ /PO ) S B K H A a5 siRNA
TR, W BGE AD ANEOAFIZIBE , TR 1 AR5 45
I [ 8 o) 28 3K BT AW o PRI, i B GLUTT %% iz i
% 10 328 24 s A2 CNS B0 R 97 Hh A T [ /Y 1 H]
[jlip=8
3.1.3 CHT G iz 5 G878 4 4808 i 5 -5 ik
RS TR R CHAE . m R A CHT1 E %)
A TR RE A 2870 , A 5 A IH 6 5% IR £ Tt IH B
AR R R BR o HE Y B RE kA5 JIE B S AT
R AF . Wa S B T — 2
N0 T 480 £ R Wi TR IEL R A8 A B9 94 oK i 4, ol o
CHT1 5 408 A 2, Bk IE 5% 3Z {4 ( nicotinic acetylcholine
receptor, NAchR ) fy X EH #E ] /E A, B H R A H R
2B BBB MR, ITAEATSE & I, BBB b I B
iz F B b A% 2 1 41 R % 32 #5 2 (feline leuke-
mia virus subgroup C receptor 2, FLVCR2) i JE 14 5
VA CHTL 5 ak ' ', FLVCR2 7E BMECs 4§ &
P TR R IK BRI L S T 28— AR B 4 e i S 1 3
2R GIPRE T HOT . Qiu TR T CHTL g
WU 43 F R RS, 33X O B T FLVCR2 8 ) JiC 4 £
fb 7 B
3.2 AMT

H1 T BMECs 7E/E B pH A5 441, S5 5 3 1 43 A
FIR) e YA TR AR 1 0 3 R B A B R IR S ET R A
S B R L A1 3L [R) AR L flf BMECs 3R 18+ A 17
FL AT, 33X Sy S A AR ) 1) 45 5 B ARE T 4 A
filh o AMT S — ol 3 T Bt far AH B A 9 2588 BBB 3%
W, 3@ Ao IE FL AT B 0K 2 iR S BMECSs 3 i £ i
o (9 e A AR A S s L H, 2R
REPEAE W R 7 A B AMT 58 BBB , 32 240 4% [
B F A . 40 M 5F R BK ( cell-penetrating peptides,
CPPs) FIBEAE R =R, X SE [ 74 7l o i
AHEAEH] S BMECs 3% I /9 B 25 5~ o 507 A0 5 e
g4 a5 R M ) 5 SR SR T R A R 5L OE A
Ko BT, BFFE N B Al OE L AT 0 22 05 X FH
BT RA YR 0 S5 R R AT T AR LB i, AT 4R
25 8 BBB 1 5 az R . Horp, 58 OB DA Rl
SR BH TRe E 45 S U0 S Y A AR A AT R
e T AT 200 JH 5 1 S A A, © O AMIT 3 25 R 458
R B T BB M R 2 — L B gT Rl o
T 7 B Y DL £ 15 B T RS B VR Y OHG 3R T HL A
B, T A AL #4415 BMECs 9 #1 54 T 58 8 | X
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— R Sy A i S ) B 24 T el Y P R R T R R
BORSCHE

3.2.1 B TER AT BBB HEESTRHAE T
F) TP S5 e P, 8 1 B A B S 7 A A8 A ] i i AMT
BLI 5 3 T H s e BBB g 1110 . H AT, &
Jo B 5 A 32 B g 3R P R M 0k B i 1)
et S B, HAB M A 2 5 2 1 5 ) o R 2 A S =
A R VIAH G . WIF ST R W, 8 F JE 3% 10 n) b R 2k
HOEE SRR LR B B W IR AR OCOE R, AR,
o 79 e PH S AL B A AT A RO B BBB AR L H
Hoed i B OE LA R RE T | A LA P R A R 5 T
I B A0 B T R AN BB 33 ™ B BR ) T HC I PR A
P 1o BEXE X — 5 RS, Muniswamy 25 @1 357
PEHTIT K T — T B TR L 1% AL B AR 1 B8 RBOIR BH 25
. & A ( dendrimerized cationized albumin, dCat-
Alb) I AR R DI RE AL IR 2 B A T 1148 DOX YR
B YIARRL R T o, Z0B B e A 0 0K 0 2 £ Gt ad 2o
5 3T FR AT 43 A1, AN A Jb 3 B A R P 1 A I (] 4R
i 5 8 BBB RE ), [W] I AL EE T 4% 48 DOX il 57 Y ¥
MEEPE o XM IE A 53 45 ) TR A 0 - A 3 1R R
G AW R SRS, o BB A A R R
SR AL TR

3.2.2 CPPs CPPs H1 5 ~30 PR MY, £ 5L
A RS A TR AR , & — 2L RE A% o 0 A0 i I el 2H
YGRS LM S B Ak o R 25 5, CPPs ] 4%
HN32.Q@ BHEFA (40 TAT . R8 .R9 ,SynB1 ,SynB3
S ) 38 ik R A B T A M R @ T ok AL (An
TP10 ,Pep-1 ,MPG . MAP  CADY . pVEC %) , 1K i i
KPR A G5 155 D) i K B (40 FGF \BIP inte-
grin B3 45 ) il L MR BT A B AE 2 A4, T
CPPs HA L5 i A= WA A1 5 T T RE S A& M LA S
5 AR 53 IS Rl 0 R M O i S 1] 328 % 95
W% 32 e, Feng %517 5E i 4 -0 3 A HEKE B
iz ¥ B 2 ( chondroitin sulfate, CS) ¥ #f 5 =& T TAT
JURAES Wl ) 48 4 oK R 3 T, R A 2 TAT-CS@ Au 4
KA, HAE AD A 91 R 4F (1) BBB 5%
PEo WS E a7 T CPPs 5 Z 05 Uy ] I8 425 ph 22
JAE AT Y Al RE P, S 22 Tl 8 IR B 1m) 40 K 0k 24 &R
GLicit St 7o

3.2.3 R BHEZRER R BMECs &
T P A A2 IR A 5 AMT b f2, Horp 2 IR BE4E R
(wheat germ agglutinin, WGA ) [K %t N-Z, Pk % 24 4 e
B 5 RN MR AR 114 R SR RN ) T R Tz R AR, AR,

790
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WGA AT RET| S0 JUE B P | f 52 J5 M I Bl 48 98 i S5
R 5 6 906 PR AL o B X — ), Kong 2
TFAR T —Fh B £ H £ 2y 6 i #E 16 J5 T4, 8 i
RSV i A g 343 F )2 DA ol 8 B A 1, () s 24
i WGA FIXt % 3 8 5 -o-D-ME I T 528 W% 4 ( p-amin-
ophenyl-o.-D-manno-pyranoside, MAN ) JZ i BHR [im] 4H
KBRS, WA /-3 58 BBB, MAN 3 o T &5 bl
SRS T B R AN e R AR A B R . REGRE
AR, R GBM BRI N 25 4 & AR, HORA
R EMG AL, EEE R L R RS %
3.3 RMT

RMT i 5o B AR -32 7K S5 14 45 & %5 8 BBB,
o B T I 2 R AT A R A B XU 2 G )
RS R S G 2 — Y RMT 3 A8 W JT 44 22 i 7
15 BMECs Y20 a5 b 7] 852 AR 45 5, SR 5 22 M A%
A AR ECE R A% 2 AR 1 A 5 R A AR AR
FH B S 20 M N 2 e, i 4 S BURE S BBB Y R Ab
FES Ay | DT K 24 4 1 2 B il 1 ° . BMECs £ i 77
TEVE 2 32 AR, Q0 e 8k 8 11 32 4K (transferrin receptor,
TfR) JiE & & 52 & (insulin receptor,IR) J§ & (1 3 1A
(lipoprotein receptor, LRP) 1 NAchR %, HHuj, 5%
43 3 I A AR R s B R R AL Bl i A T B
Vi SRR ECAR, I LB i 9 oK 20k, A BT KR
JT CNS FA 7 R 40 1 Al K 25 R 5
3.3.1 TR TR 2K T REEMEEA, LF
TIRT A1 TR2 1X 2 Fplp AL, Horp TIRT 2 RGA T A
TR A0, B0 5% 8K 28 11 (transferrin, T) fY3% F1J)
S T TIR2, (HASE R )2, TIR1 £ BMECs M Jif
T AL T A SRR K ROE R AV T i, X e
et HC R Sy fi 8 1) 38 2 R BAR RS A HOEE, BT
TR A HE 0] T R 3 = 240 45 TF 54 50 B BT 4K (mono-
clonal antibody, mAb) £ Jik K fip 2 2 /08

JEAE T B i T 34 5 40 0K 2R = Sh A e fE g L, (H
HY5 TR WE5E 52 W T 5540, 5 200 4
[] 245 1) 36k SR RO B2 B o Sl ikt 3X — [) B, BF 5 3 T
K VAETE PSS SR T7 Ikl it 455 TR (9E Tf
AL, A ROR e N IR ST G, 35 52 T 90 0K R A
23R, Piao 28 R T T7 JRAE Wi Ao R[5 1 4 K
i, E TMZ S5 T8 B b R 240 e 560 78 e o, A
GBM /N R B e 32 B I 5% 9 BBB 2 5 BE 7, fih
JETRAL 25 & AR O B 4G B I 3 R . kA,
0X26 FH{ KR 3 IR 5] TIR A T4 ]I PE TF 4
YIfE, BN S —Fh e mE ', d’Avanzo 25 5@ i



ORRE ] 4 T OX26 48 I 59 B 28 5 1 IR A6 IR Bk
(CDP-choline/0X26 Lip) ., 7 @ i £ 7 7 K Bl A 2
1, CDP-choline/0X26 Lip &35 #& & T A 17 3, JE 52
FCRA B IO ) RE T o 3 AR Ay B R e )
5 RSN G 1S B B — B SE A R T 91 ( DNA
5, RNA) |, B4 5 P Ul T 45 5 AR B bR o Zhang
2412 gk A PRI AR AT 8 S R o I AR HG1-9, 3
Al 28 TR A AT IE A SE A0 1, Sy i v ok 24 S it 1
B

3.3.2 IR IR ZH o B VAL A0 B i 4 A I
IR WM Z AR, 78 BMECs HhimaRik . SN BRIR B 40
JH 53 W6 B A IR A JBR 1B 2R (insuling, INS) 5 A 3@ i TR
I3 5B BBB, {H F G PR 16 I RO D i
W WV, 5| R AR 5 @ KB 5 2 IR B
e, R AR DUARA tau £ M S IR 1L, TT BE B
AD HERE' R, INS R fE 1 7R S HE 1 K R Y
DRETERC A, W TS N BT & T IR e 5 P IC AR 2 A7
%, mAb FIZ RS, ZIRA /N T B A TE R
B ) PR AR SR A . mADb A7 B 2H 2 5 i e
B 2 Li % T DY ik GFFY AT 5 44
e IR H AR H T80 KK, S8 £ B, Cys. 5-
GEFY 49 2K BRAE 1l 52 5t v 19 2 16 5 32 0 U 2 G L 1
FitwE, Bk 7R AR B BBB BE ). IR A
AD IR 7R AL TR LB

3.3.3 LRP L% ER&E HZ K (low-density lipo-
protein receptor, LDLR) ZZ % i, 51 78 5 #8 [] 40 K 326 24
R KPR CHAE R, o LRP1 I AE BMECs H i
B g6 A0 M P A A 3k A AR O EE Y L O ri
IR HARE A E TR I APOE(159-172), ] &
Angiopep-2 %, Wei %:66] ¥ 2.5% 1) APOE & 1fii 2]
WK F AR, BT IR RR T — M AR PR By
/NEVEGE LDLR 45 53 M4 8 R (LDLR-mSF) , 7E GBM
B b LDLR-mSF /) 25 ) & B i 25 25 ) $2 T
6.0 £, 7 % PEHT 58 10. 6 £, Angiopep-2 2 T
Kunitz 4548 18 5 15 09 717 28 ik, BB 7T 8 BMECs |
LDLR 150, 7l 7 GBM % ifif i & 15 #9 LRP1 1L
B, Cai ZENYJE & T — B Angiopep-2 I fiE 1L i
J ST AR G 38 2 W I AR A TMZ FH T 5 4% BBB ¥ fi)
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GBM . HF5E45 R KW, Angiopep-2 I REAL G 5T 5 77
TR AE D35 5l BBB A58 GBM 24943 5536 97 J7 Ifi
HLA T [ /Y AT 5. SR, Angiopep-2 HUAE# [7]
GBM £ i) LRP1, Joik 3|35 GBM IR )24k, 5 &
A3 F MBI B AR RS E MR 25, S BULAE GBM
WIFHh 28] 7 —E PR . Broc %" 3@ i Wk B 1A
JRE 7 $5 AR e AR AT 8 25 A S i VH4127 ik, HA
) siRNA 35 3% 5 40 76 #h 200 17 M e i B A v B
BEITR . WKIRIEE RGLER T siRNA 3% R
e R BTG I R 48 38 L ) e JE A8 U A 4N K A4 T
T E PR TE SIRNA f i B 7] 2805, 3% S AD (1 & iR
SRRt T EE MR
3.3.4 NAchR NAchR #£ BMECs K ¥ % J0 22 1 &5
ik, HE R WG B M 8 H (rabies virus glycoprotein,
RVG) = A B Ik AT LA NAchR ¢ 5454, ATt
25 58 BBB UE A KM, RVG29 J& RVG H1i
— Bt 29 NIRRT 5 1 22 K K AR b T RE L 8 i
B4 ok 4 7k % M0, RE 2 5 B5 4 BBB fEJ17" . Chen
A7 R # Y RVG29 M8 M T K B VA R 1 48 oK ki
(RVG-Zein NPs) i 2k 3497 254 TMZ, 7 U87 4il jg
TMZ B AR R0 ) A5 B4 5, LR 51 & B & 40
JL P R IR R A I DR AT T
4 BRES5RE

HAREOE BBB R M %12 A A LU S 25
(% 38 0% (FLR 87 PR K 25 ) 5 8 SR U 4 F
EIERRERS S CMT, A7 7E 2 B K DA B FR 2%
LI, W] B 23 7= A5 5 G 0N, 5 i 24 ) 7 3B RO
AMT f T 75 BEGOK SR 3R M 7 A R IE LA, 3K £
R P R BRI, BF AT N B e R AR 4 oK 3 A
T A 1F HL AT U6 R O B B . RLBE SR A R
¢ Y A1 490 K 38 1k 3 1T I A for 23 4 45 BMEEC's A W)
WA FH B 22 B AR o SR T, RMT X 485 4 3B 137 19 45 5
PEFIE RN 7 H CMT f1 AMT B 8%, B 0k, RMT 1y
i 3 1) 2 K 33 2 2R G A 4 e e R ) %% T e
bR o = R E i A R TRV (- 77 R 2
57 o 2 T ) 4 K 38 2 R Y Il R e AL I Y
FEAL T R UE By B (LA T/ T 1l IR 3 56
F0ELD,

R AT PRI B B 1 il 8 1) 44 0K 38 24 3R G0 AH S F 5
BELIN ] 25 2 Hik IR E LY I AT 6 o B REHiL s i IR
RMT CNM-Au8 LA A E A& LDLR A1 LRP-1 11 ik IR iR 56 NCT03815916  PD

RMT

EGFR(V)-EDV-Dox

A9k #k  EGFR T 97 R 3 55

NCT02766699  GBM

PEHARG
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k1
YE FAAL I B/ B S AR LIURLS e PR 1 56 9 B RIEILT I8 I IE
RMT SGT-53 HOLGok#Ek TR 11 381 PR 3 3 NCT02340156  GBM
CMT 2B3-101 AULGOREE AH K ZE T/TI8IERRS  NCT01386580 42 & M W M 4
EH 25 I8 5 R
RMT fl CMT  2-FIEENEEE A S I AHL90kE(A NAChR FIEBE [T/ IKILE:  NCT06391645 LS 45 Ml &K fif
B AN K i B f B R b & R s A 1
KHF

ST CNS B 11297 T BOA R, I R LX)
ARGRITTT BTSRRI E YT AT T RERAE 1 3
W T 412 55 25 W) A ) R T BEE A A PR I Ji] 45 5 T B
P —E R, (R HG I DR B A AT T i R 22 O B Bk o
@ SR P B AL~ R P AR DG TR 22 290 K 38R B RAT
TEAR 45 ) A0 3 T FL A 25 2 H0EL 1 R TR 5 8 BBB (1Y
HOR G AW 2 A . BOARBOR 1% HOR AT 8 4 ik 1
— ¥ (E R T RE B Wi 5 1A A AR E R AR ) AR A R
PR GEAE AL s @ & [ g T 90 00 L 2 A
JB A 2 AR 2 TR 18R 3 2556 )2 23 B e 4L 1) ) g
20 25 MR, BEA PR 2R R ) gl 2D
R S OB R (ELATS 200 e R 5 2 O e AR 2 B B A
HERIIR % 5D 2 & B M AU - B A B 1) 2 RE 2tk
Z 0 ik A AU R S, R B0 TR B | A |
P JUE A A B AR AR S S AT, R R AT
T P20 i I e R BT 32 R S e T A AR O 15
@ KT EIEAE IR R BRI DFE 2 REE ST
P, T2 A BRI L 29 B9 18 PR B R AT RE 51 R I
BT 00 L S5 0 A S IR, A A 2 21 2 R G A T O
T 48 7% W A0 JH0 7K - B A= R0

L N0 NI LR SUESEN S Wk 2 LI
ANT RSB RHR 38 IR 7 ) iy il i 22
o0 235 A5 A1, Sz PR S AT 328 AR S EL A A v R A
DI RESE IR 4 & A B S A A i BBB B 8L, LU
LM 246 L ATF A S SO o T g 24 R g R AT T A 4 R A
[ Dy REHE A9 I A, Bl A8 o 25 8 AR 52 56 X i A S
TR [ ot ) AR AR 5 o O T A A K A 1 52 3
A RS AL N T B i B i 4 K AR 1Y
RSt JEAR R T R iy 25 ) B AR A P 5, ol 5 T AL
RS 02, BN AN ] 2 50 5 F 98 oK 8 10
i #L 16) B8 F7 VG RE E 7 (RGP AR A0 BRI (] B 2
Wy R A o TR, ) 22 D) e ik s ) 4 i 52 30 22
LT RS SEI SR S TR 2 T RE, LA A Al S
I 00 S 9 3R T T B2 T — IR R RE A8 K 25 &R
oo MeAh, O TS MR A A 7O AT A B RO
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