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[Abstract] Malignant brain tumors seriously threaten human health. Despite the great progress in medical treatment with better clinical
technology, the prognosis for most brain cancer patients still remains poor. The protective blood brain barrier (BBB) blocks the effective delivery
of drugs, leading to the treatment failure of various drugs. Recent breakthroughs in nanotechnology have endowed multifunctional nanomedicines
with the ability to cross the BBB, enabling accumulation of therapeutic drugs in brain tumors. This review discusses the design strategies of BBB-
crossing nanomedicines and their current progress in brain tumor treatment, and summarizes the existing problems of nanomedicines for brain
tumor treatment as well as the potential strategies to overcome these limitations, so as to provide reference for developing nanomedicines for

brain tumor treatment.
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Figure 1 Schematic illustration of major pathways of nanomedicine to cross BBB and the applications of

nanomedicine in brain tumor treatment
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Figure 2 Schematic illustration of the design and synthesis of mAb nanocapsules for brain tumor suppression
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Figure 3 Effective and targeted human orthotopic glioblastoma xenograft therapy via a multifunctional

biomimetic nanomedicine
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TR ST R O R H B R RSk
XHCR , S — Rl ELVE S R B VAT O
FEIE SRR T F BRI T L Ak AR AT
o GERAT SR I AR Y e v
T AR 3 o AR e A DG S AR A 1 i R R
PET MG, ImiHE s bR s m . H T,
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J B8 T FER) A I R0 T BUAS T R AP AR 7
AR, MR AR A PR 6 7 vk, i B
SES AR CammFL ) R BREBUREK, s
FECAETT GO A DONE, PRI A R 0E, 1
AWRE SR, SIS sz U ik, TR
F14) SR W SFe B0 2B BT L AR 0 1 T IR L 2 2 e e
JRAE AN (antigen-presenting cell, APC ) (1%
R, PASEIA R PUIR S s, Scheetz 55 7 JF
K —MEET A % B RHE I (synthetic high-
density lipoprotein, sHDL ) Jf-2%&#% T Jfd 4% v e & 12
¥y (cytosine guanine, CpG ) LA K Jiy8d 5 S5 o A
PUR B BRI AR, H TN GBM JFi5 S sk
AR R . PESE R, B AE B K sHDL/
CpG SHRF AT 8 HELA 1 (programmed cell
death ligand 1, PD-L1) BHTIKAHRh Al 45 1k
T MR, BUfl 33% HY/NEURAL GL261 TR
iR, IFSE I A A s it L .

B G Ay a5 P R G s T R S e
0769 55 e S A1 e c gt h e DY ST (1Kl G
B, WA RCKE T difhfe, 2 Fhdm il s
KA S B A FE M T R 4B bt 4 ( cytotoxic T
lymphocyte-associated antigen 4, CTLA-4) FIfEF1L
MHALT-H 1 1 ( programmed cell death protein 1,
PD-1) 52 B BEOCHE, IR SE B b i 25 1
O P bR A A 2 1T A PD-L1 AT 5 40
[ & PD-1 454, 046 T 40 i isfl, JF 50 e i
G211 e e 1 I N2V A S SRR SNTITE (I E b
SN T PD-L1 AFAE TASIF 9 GBM SEHL ey,
2k 5N RS ARSE T Rk, BHIET PD-L1 Al
PD-1 2Z [l 4 AH A AT A8 A2 30 7 M i ek g v Sy 0
FEINH A AT RO WS . Ruan 25 U9 - T —Fh 3L T 20
BEPE4 99K HL ( gold nanoparticles, AuNPs) IS
BT TR, O REAYT . W A kR EE PD-LI
oS A TR . B UL Dox Al W]
£ F3% (hydroxychloroquine, HCQ ) Ft:[A] 1 3%
TE 5L EHE F R N A AT SR AR G 9K K D&H-AA&C)
I, — 5 il D&H-AA&C BE % 7 45 24 )i 1 5% Dox
FIHCQ 7 GBM #B i Y 2 AU, 3d i HCQ REAM
Dox i 500 W, BN AR ORI PR A Wi, DA T
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ff % GBM 4 i X+ Dox MM 254, 5 —Jria, MR
JETEST Y PD-L1 FAHTREAE FH M Seye a4
Pt GBM G I P, 3] S e il PR 1) 2 LA
R I AL 3 A . IRNIFSE A SRR, A
I7 5 k2 H5E T /N GBM MITRIT AR, RIS
Pt VAR, A RO L GBM & kY AT
REME. ORI AR BT AR A
TR GBM B i677  -3TIT T 18

TR Y3 17 P 2 P 8 A S8 7 V30 7 S AR
i PR GBM S5 42 28 PRI AE th R, X F R
AT Ik TR TMEY", b 1 # Sy T A Y
PR e %, Bielecki 55 "™ it T —F G g2 il
AL AR RE SRR (immuno-MSN) |, Al
THRRIER (STING ) #5077 22 e b 6 1 2 il &
fifgE TME HJf 9 APC I, DL Sy ikl . 22
RYmifa, ARRIEIKE £58, immuno-MSN
AT S0 AR AR IR B A R S APC A I A ] L X
TR A AR L, O 0 4 5 A 80 M 5 ok 9
TME, $&HE5F CD8" T A i 1 I 4E Z2 g i A= <
PEEVAITRCR . Tmmuno-MSN 3 1o 1 58 515 K40 2% LU
AT B 58 R AT RS 8 S K it DRI A S e 167
P SR R
3.4 BARTRE

UTAESR, JRAE FNRYT 7 S8 B W B — IR AR
RIENIREIRIT R, Il "7 - FE BB IR T
2 SEIFEGTRYT . R BOT B AR T T
T3 P BRI R AL VR T 0 2 S R IR Y T 25 1)
AT YRGS, TSI RN 25T
PAFAF PR . 76 GBM T4, sy
T miR-21 5] 2k TMZ ¥R HE 5 S GBM 4 fifd i
T2, TBeA ] miR-21 171 5 T™MZ 7] (535 i
GBM 41, FUIKGTT T REZEH X GBM )
A ROEIT A ™, Sukumar 45 P IF & T — Rl A
(1) Z I fE 4 -2k A AL W 91 K kL (polyfunctional gold-
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T 16 15 20 B G -5 B W% ( cyclodextrin-chitosan, CD-
CS) , I o v A B VR 7R 2 1 97 28 miRNA,
FEHI A CD 5 4RIt (1) 3 - % AR B AR B i 1)
PEG-T7, ZAKIK R ] LB 17 A X 5T GBM,
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i Z PRI L, 3R % AR H 324K (epidermal
growth factor receptor, EGFR) | [H]7c)i - | 2 #%51k
A ¥ (mesenchymal epithelial transforming factor,

MET ) Al 3= % Jii e % [ R A (rat sarcoma,

Ras)/#2 24 i 1% 4 & M ¥ B ( mitogen-activated
protein kinases, MAPKs VA il 5M5 5% 5 1 ( extra
cellular signal-regulated kinase, ERK ) Fl Ras/f i it
HIUEE 3-3 0 ( phosphatidylinositol 3-kinase, PI3K ) /2
1 fitf B ( protein kinase B, PKB, X Fx Akt) ] 7]
fith e AN AR A A AR ZE L A A s 2 A
2k, HEm ARG R P RO 2% . Meng %5 ™ TRk
T — Tl Xy 6 Ak B B e g ok 4 5 W%
JUR-2- P 5 DA s T 4R 2 2 1l T I i - 40 K UKL (i
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V4 fth 3% (docetaxel, DTX ) By — Fh sHDL 44 K #%
( DTXs-sHDL-CpG ) H T4l 1] GBM #£47 25434 3% .
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Wl i EIAE . ek, %K & DTX-sHDL-CpG
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Table 1 Strategies of nanomedicines for brain tumor therapy
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Dox; Angiopep-2; Lex; RBCm; EAHY) B, 3 B [ [54]
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TMZ: temozolomide (¥ %EWEf%) ; BBB: blood brain barrier CHLAKAERE) ; PTX: paclitaxel (4842[%) ; PLGA-PEG: poly

(D> L-lactic-co-glycolic acid)-poly(ethylene glycol) (RFLIR-FHE AMRILTY)-K 4 —FF) 5 Dox: doxorubicin (FiFEZ) ; Lex:
lexiscan; RBCm: red blood cell membrane (ZLZ4H{ifi); CRISPR/Cas9: clustered regularly interspaced short palindromic repeats/Cas9 (¥
FefE 1R B B AR JE [ SCFE R 7 41/ Cas9 ) 5 sgRNA: small guide RNA (/A RNA) 3 5-FC: S-fluorocytosine (5-Filfulsng) ;
PEI: polyethyleneimine (3 ZJ#f%) ; PEI-PAsp(DIP/MEA): polyethyleneimine-poly(2-diisopropylamino/2-mercaptoethylamine)

ethyl aspartate (3¢ Z M fZ-5¢ (2- RIS 2- 500k 21 REARIR LI
sHDL: synthetic high-density lipoprotein (£ HfIm % FEAEE H) ; AuNPs: gold nanoparticles

poly(amine-co-esters) C(RJZME) ;

ApoE: apolipoprotein E (¥ IF& 1 E) ; PACE:

(&Y9KA0) 5 PD-L1: programmed cell death ligand 1 (F2)7PESET A 1) 5 HCQ: hydroxychloroquine (F22£%( 1) ; miRNA:
microRNA  (F/MERERTR) 5 PEG-T7: polyethylene glycol-transferrin receptor targeted peptide (3 2 —FE-F 2R A2 R A KD ;
CD-CS: cyclodextrin-chitosan (FF#iFE -2 M) ; polyGION: polyfunctional gold-iron oxide nanoparticle (2 Zhft 4 -2k AL P4k
FIUKL) : NHS-PEG8-Mal: Skl -5 & W7 -7& PElE: DTX: docetaxel (£ pifl3%)
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