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Research progress on Angiopep-2/LRP-1 therapy for glioma
LI Xue-yan", WANG Xiao-fen", LUO Ping', YANG Ming”’, WANG Fang"*

(1. Cancer Research Center, Jiangxi University of Chinese Medicine, Nanchang 330004, China, 2. National Key
Laboratory for Modern Chinese Medicine Innovation Based on Classic Formulas, Jiangxi University of Chinese
Medicine, Nanchang 330004, China)

Abstract: The therapeutic efficacy of glioma treatment has long been constrained by the inefficiency of drug
delivery due to the blood-brain barrier (BBB). Angiopep-2 peptide actively targets LDL receptor-related protein 1
and efficiently crosses the BBB via LRP1-mediated endocytosis, enabling precise and efficient drug delivery to
tumor cells. This offers a novel therapeutic strategy for glioma treatment. Currently, Angiopep-2 has been
extensively modified onto various carrier surfaces, significantly enhancing drug accumulation at brain tumor sites.
This demonstrates its immense potential in constructing BBB-crossing platforms and has greatly advanced research
on brain-targeted delivery systems. This paper primarily reviews the application of Angiopep-2/LRP-1-based
modified formulations in glioma treatment. It summarizes research progress across different carriers in glioma,
providing a reference for future studies.
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(glioblastoma, GBM) 1= & % i H. il J5 Bl 25" H &
BUHI J 26 Bz A K DR -7 = DR R A 1070 Tl 1 g ke [R] ke 2
B R AR i g X Sk S pS3 A Rb Jd % 2k N
SE T4 USRS AT T (TR G AL
T B AL A AR AT AS R 2 4R, AR AE TS B2
1 R R AT R I PRI B

ML 5 (blood-brain barrier, BBB) A IfLfixi fif & 7
[ (blood brain tumor barrier, BBTB) /& FH 5 % 5T J& Z
Wi 2 B S EE R AR US . BBB H SE S E 4 1)  fl
N B2 41 i (brain microvascular endothelial cells, BMEC)
MR, HAR B 7 2 vE YE RSN HE B s | L, o P-E
H H (P-glycoprotein, P-gp) 3L [RIBR ] 1 254323 HE A
i 2 23071 Ji A wE 70 5% B I IR Angiopep-2 5
1% %5 F AR B2 A 2 AR A OG & E1 1 (low-density lipoprotein
receptor-related protein 1, LRP-1) B & 25 A1 1y Ml 2
FEVE, 38455 n] U5 1 BBB R W) IR 4 2R, A
BN BRAR R B R 1) TR . DR, IR RS B BBB 3
RV ) MR AL 2R i 1 R G, OO R R IR T
TBIRZ O T T . AL RALEIR T 4 Angiopep-2
B AN [F) S Y A4 ) Bt e i3k g, Oy i B2t e dR Ak 2
%, Angiopep-2 &M il 771 & F& 7 FEBE A UL e 1192129,
1 Angiopep-2 38 [EIRKFFIE R R
1.1 Angiopep-2 HYi%&it

Demeule 557 OR BN Ik B AL A 5 2 BBB % %
REI (BB A B 10 4%), H C iy kunitz £5 #4380 15 (K%
FE R R 32 AR A 26 3R KR (low-density lipoprotein
receptor-related protein, LRP) SZAABCAARAE 7L [R5 . B
SN 3B I Angiopep-1 58 7 47 11 2 e &R &5 4y 22
AR, WhE i T IR LRP AR5 & 6E 1, B
& H 19 ik Angiopep-2 (TFFYGGSRGKRNNFKTEEY),

. BBB % 3% RO BAMIKBGAR T1 7 £, H. 52 I 8] 4
PR LR B 2
1.2 Angiopep-2 5 LRP-1 2R E SRR

RS T W FF (receptor-mediated endocytosis, RME)
& 21 %5 18 BBB {1 L LI LRP-1 £ BBB A ¢
I Hf S SR 4 B b v Rk, 2 5 Bk BBB s 1) R B2
AP, Angiopep-2 i i H C ¥ 5 LRP-1 1 7% 11 45 14
WHE R RZHEE, FEMEEAN SN RE
LR, T RGN A 5 38 40 52 A PR ARG BA 22 2 T, T 440K
UKL AT T8 A PN AR R R R T 2459, e 2% SIS BBB i 1A
2 IR 4n B, 7E 2022 4 Di Polidoro 2P it 4 F
X R4 78 Angiopep-2 5 LRP-1 A1 HAF AT 73 THL
il AL A 0 ] 30k R A TR AR T B A R
fcdiE (12).
1.3 Angiopep-2 i SRR

Angiopep-2 {E N ZME 2 IREE, HRIR L- 2 LR 45
4] 5 W A P B P TR ) e, s e LB 1) R Y. Wed
LGP H OGN D-Z R BRI Y S M Ak, R ek e 2R 1
W e WAL, L% B R AE W g A4 rh ] Bl POl B i, T
D-Z R IR Frfa E, W E R T 1 #5 BBB Ik 0%, Jf
T i 2 76 1A 359 S IR s R 2 kB
1.4 Angiopep-2 & {H RSB =) BRI K EAR 1K

Angiopep-2 i 1 5 M 1R 1 - 25 A 78 I b7 B Py
S 240 6 % Ji J5 9 4 D 3 THD R Ak 1) LRP-1, SE 35
BBB Jf # [r] Jif Je7 1 X0 & 7] Dy g . L At Angiopep-2
FEIBIE R G B 7 1, AT E R L5 LRP-1 %
A 1R 45 5 5 e 5 B e e e e, DT 2 v 245 420 7 T b e
AL B
141 BEEHZEERNMNE  Angiopep-2 £ H AR
HIAS 1 25 FE B 252 LRP-1 - S RN HF R F . Jiang
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! I drug delivery functions, 1 2/LRP-1 interaction for
H . H demonstrating the : the first time through
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Figure 1

Chart of major historical events in the development of Angiopep-2 modified preparations. LRP-1: Low-density lipoprotein

receptor-related protein 1; PTX: Paclitaxel; GBM: Glioblastoma; MRI: Magnetic resonance imaging
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Figure 2 Mechanism of action of the Angiopep-2/LRP-1 pathway. BBB: Blood brain barrier (Created inhttps://BioRender.com)

S T IR, 2 Angiopep-2 1 48 K JHURE 2 THI 1) 12 1
# LN 20% I, U-87 MG 4H S F) 4% HXU R4 10% & i %
FEALIRTE 2 5 DA b, HZEREURT #5057 25 Angiopep-2 3%
g}‘ﬁﬁﬂﬁﬂ ESE H AR UK T LRP-1 224k A SN &
PER . 31X 3% B d i & 21 U 28 0 4 %5 B, W7 S 35 Y R
Angiopep-2 1& i 7 4t [ #E [H] 250%
142 EA=EAESRERE  Jy0RE Angiopep-2
55 LRP-1 2RI 7853 &5, Fo3 () ) 5 ) J 1 28 5K
B, AR A FRiR B 3L R Y, B Angiopep-2 iE
F K4 R £ —F (polyethylene glycol, PEG) A ¥, i F
PEG HE I {t &2 P4 A5 e 44 78 70 22 8, AT 4 58 5 LRP-1
MR 5 456 TR, PEG 8% 1) 2 18] BF ik A FH AT o2 3k
Fo PR, BRI R G IERR R, KA ()P, 15K
W E 24 15 B 1) Th B8 B RIS, 5271 13838 R 40 4G € 1
MUEI A -
143 S5HMME/FEREWONE it — DA
i P 3388 325 250K Angiopep-2 121 & 5 HAth S8 a5 AR
58 B TG IE T8 R AL [ FE g . B A, Gao
SECTRy T Angiopep-2 5 3 4 J& & -2 (matrix
metalloproteinase-2, MMP-2) Wi J&; 4 7] 3 3 41 ffd % 3%
JIk (activatable cell-penetrating peptide, ACP) F£ 42 ffi [
48, Angiopep-2 171 57 % 1 BBB, 1111 7£ i 83 &£ 5 e ik
) MMP-2 "] 0% ACP, 14 998 N % 3% 5 A i 5 i . )tk
K2 HE 1A BT AT R AR B B AR AE B R A BB T
RE HH UL ) 52 A A 5 S A ) ) R, B2 S I A A 1
SRR IR E

25 b, Angiopep-2 18 (1 B [ 2850 26 A AN B e T
55 LRP-1 (1 [l 47 56 A1 77, 75 Al e o o AR 2% P2 i 42 L 7 )
R AT AN B 55 Ay BES 1) /o )82 e A W [) 46 22 T SR e gk
AT G T, I Sy ) da vy 200 A A P o 2 o e #EE r) sfs
& R G058 5E He A

2 ANG1005 (GRN1005) BYli& A # R
2.1 ANG1005 893 L R

Régina H BAPY FF & T — Pl Angiopep-2- % 12 %
(paclitaxel PTX) B4 ANG1005, Fe45K9 3 40 7 PTX

T LA ) BY E R I B % 42 % 1 4) T Angiopep-2,

"?Uf‘iiﬁ 5109.14, H & Bl o PTX WG4 5 5
Angiopep-2 )22 Jk Uiy S 0 B ke i S N 56 o

#1551 B A1) 3 R ANG1005 85 2 I N il 4 i 3E
B AT 1% 177 Solutol HS15 (65 °C) HY, I ieiR & -
TN T #4 f Ringer's HEPES 22117 (65 °C), I % 58
SRR . BT HPLC 56 40F % 1] 577 1 40 FE A0 Fa e 1,
HPLC 43 #1% Bf ANG1005 {& B B} [i] (RT = 7.2 min) 5
B i — ﬁl, NN T
2.2 ANGI1005 Z0ff . 4 SKie

Régina %51 i 41 i 5256 40F 5 ANG1005 % GBM
U-87 MG 4R R B 5 PTX MR 40 0 224, 1C, (5 M
2.7x10°~8.3x10° mol-L". ﬁiﬁﬁﬁaﬁ*ﬁi‘ﬁ%‘z%ﬁi
ANG1005 552 BEK4A, Ges T p-E B R G
FosE M08 A i A4l i R 27, ANG1005 4k 3 U-87
MG 2124 h )5, 52% AAfAFr T G2/M 1 (R REZH 19%,
B2 68%), F W Had Ik AN B /) 2 ST 22
3%, kA, MDCK-MDR1 4 gt %4 & 7x ANG1005 7£
P-gp i FRIA AL IR R A2 P-gp HHIFIA LR A
M, UE B AT Geid P-gp /- S HIAMAE . 707N R A7 oG E v
SZI r, ANG1005 78 CD-1 /)N 5% 7 6 £ BB L 3 9
PTX 4.5, H 65% LA LA TRsEii . fE MDRIA
SRR N B, S8R I 2E /DN BRI A B D 2.2 4%, T
ANG1005 45 U & 5 1 9 /N BUJC 22 53, i 5 H A 4t
P-gp#4iz. ¢ FRFJE U-87 MG A | 40 mg-kg' i
Jis 3 5 ANG1005 2H (1) Ji 987 A= K 41 il % (tumor growth
inhibition, TGI) A 107%, H.7E J5 457 ik fif 78 455 74 o 4iE K



- 2078 - Z4% %4k Acta Pharmaceutica Sinica 2026, 61(6): 2075-2088

HALAE AT B 15%

Thomas 45078 b K B 5L A7 il 3 73 X 3L BBB %
% 3R S AR R 7R, ANG1005 9 v 45 BOHE 2 5850015 55
PTX /1 86 fi, H 70% LA 4040 T 525t o 75 7L Mo i
RS AR R I H I L AL 4 ANG 1005 (3
BUPTX MR 73 | $E G 54 71 4 £

DL 45 SRR B, ANG1005 7 & Py ZMEETL 35 % 301
R BRI G . R BT I RACSRTEA
AR BT K A B T AR 245 R R B B 95 R /)N
BRUSE R fRl PR 5 2 U5 1) R, M e 52 T s PR e A T £
R 155
2.3 THAlEKRER

Drappatz " % 11 7 — Flos i A0 2 BR B R K
Angiopep-2-PTX fill B 7% T-¥3 £ 77 ——GRN1005. IIfi
PRASFH B DAJG B 569 /K B0 A 3 R 7K S0, & ki
1 he FAR SAE TR HIRME T 0/ A7, AT 8RS N2
VIRERE . AN, TR IR DUA R AT T & (mg-m?),
AT ORI 259 B mT . IR IR 9NN 63 3 52 R M 2%
PR I 980 R85 TEAT TG R0 7, L b 2 2
46 Bl (#3220 2 R yT IF 240 — IR YT J5 MRI
PR THANG RSS2 22 B 1 N VR4l 3L 22 4 1k, R
N GH FR 38 ¥ DRy T T LA 3 I O R v ) IR TR R R
H (68% N WHO 4 2%, 29% ;N WHO 3 2%). @il 7 &
#3 30~700 mg-m” F ke (53 E—IK), 45 LKW
700 mg-m™ 71 & 25 H B PR A (3 RN IR R
1451\ 4 5 P PR A B s/ 1 461), 3%t 5 650 mg-m 5]
i 20 N % K 52 77 & (maximal tolerance dose, MTD)
OGBS (R 1)

Table 1 Efficacy evaluation from a phase I clinical trial

. Number of cases Median
Therapeutic Dose Percentage .
. , /total number of survival
endpoint /mg-m 1% .
cases time/d
Completely 700 1/46 2.2% -
dissolution
Partial 420, 650 2/46 4.3% -
dissolution
Disease stable =420 8/27 29.6% 51

AR 25 KL W], 7228 T, ANG1005 X %
£ GBM B — & a7 JCR, JF Hi 2 R 4F . {HX}
T H R AL BN (1 % W R 2 (objective response
rate, ORR) B, 1 4.8% HFIETE > 420 mgm™ ] 27 {51
S, AN 8 IA B A e, R AT B R0 AR
ZONE LA E R (54% 8% > 3 4MIT 35% F %2 L
RERBPTIRTT), X AR S BUM R = LR b % BBB
TEIEVER LRP- 1 SZARRIR ST 80Pl o A, ZIE IR

PRI AEAE ML 2 S 851, R I PR B sk 2> 78%
LA D2 89%, LA L2 57 44% S5 AN R B R
2.4 1HAGREER

Dmello 252 FF J& 7 55 F ANG1005 6 77 = 4% 5l ik
Jo 968 0 T 309 1 PR A AR 0T 7, ik 1 T PR X 56, O 7 %
7B B 2 600 mg-m” LAP AT R S 2. ikl
KH =B Bt Arm 199N 24 51 R 3 52 0 DU St
HIT I R GBM 45 Arm 2 99\ 16 5] DUI%ER 5471
iy 24 1 52 % 1 GBM A 385 Arm 3 44\ 33 451 KA i DLAR
BREHTH) WHO 3 200 28 M 5 8 3 . wF e R 2L
ORR. Lt J# £ 473 (progression free survival, PFS). &
A7 H (overall survival, OS) 5 BJ7 34 55 (£ 2).
Table 2 Efficacy evaluation from a phase II clinical trial. ORR:

Objective response rate; PFS: Progression free survival; OS:

Overall survival

PFS/%

Group ORR/% 3 months 6 months 12 months OS/month
Arm 1 13.3 333 26.7 13.3 13.4
Arm 2 0 0 0 0 5.8
Arm 3 3.6 35.7 35.7 26.8 18.2

Arm 11 Arm 3 (%45 R W], ANG1005 75 A4 52 D1
RERBHTIRTT I SRR B IRE 83 v B s 1 il A
H, {H ORR FIK, $&7x 24549 1 B = i ik £ e 0 1
BEWRRIEIT R Arm 297 BOZ IR IAE T O it 2
GBM f 28 L 5 A1 Il 1L 53 5 A 25 W) A FE DL o 38 o, 3
BT 253 LA RCE R @ LRP-1 24K 7] A A I 7
R BT RE S AR, S 2R AR, B) B Z Y 2
JG O3 FRREI I, TEIEHERR 4 1 AL T R R o

R FAFAERE FEREA B /N, AR S B O A
SRR B, B fENALRT 2 Z R TT, T RER
Wi 245 s N VA 5 iR = A U1 i U7 B FR o T 97 Ak
SRR R W, R BRI AR E SITROR R, TTiE E
56 UE L 77 03 ROR 597 R Ok R AR R IR, AR B 5T R
T RMEA & [F G 1 B LR RIS EAHE
3 Angiopep-2 1&ihH 789 2B & K
3.1 PRAMBERS
3.1 BERME  RFUA B SRR S 2 1 B AR L
Moy ¥ 2 e, HAR 2 2 B T I ot 4H A R A%
2 L2, AT R AL B K M B gt K M 24 P ik L R G
AR WRE 5 AT R S M RIS, Yang S
JF & Angiopep-2/TLyP-1 XU JIk & 1ffi Jig it 14 3£ 4 VEGF
siRNA 5 £ 1t fil Z€ (docetaxel, DTX), I J83 44 #5 45 /)N
50%, P4 T FR AR T 8.5 £, (HAE A AL AR N Fa g
P75 T 5 75 202k, Du %6 7@ i 8 4 PEG 5K (10 kDa)
FERAFIA I [A] 5 AL R, JE(i BBB Fif . X LEjf
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FUAR T B — L r) 21 22 SR $5 AT SR BB AR
I7 I TE R LG, D S B 22 AL W R PR oK B st 12
T EESE AP S RE R R
SRAF FE R B RS AR SRR ST AT R 2R e A A 2 R
BT B 7% PEG &1 LT K AE 28 5 e ) .

3.1.2 BEMRBERRANAKAL [ 445 5 41K KL (solid lipid
nanoparticles, SLNs) & H [l 44 i3 Joi A4 1) 10~1 000 nm
WKL, FLE B AR S5 A TT B T B MR, R A 2
i 7525 FE R BRALRR S Kadari P4 2 Angiopep-2-
SLN %1% DTX, e ik P-gp #MHFFR ], S = 200 42 1)
I, T T 45.9%, AP IHRE K 52 39 K Ak &P
BF 50 G 8 R 5 =] VT A0 5 B0 i 1) SLN's il ik 4 1] B PR
R % 12 85 A 1 (monocarboxylate transporter 1, MCT1)
SCIL GBM R [a) %, MR T 5E T 26.3 6% . —E
) 38 iF LRP-1 M2 MCTI BE [ 3 % £ {1 kb 5 0% .
Kadari 25" ] LRP-11#1% R 4t SC I 1 BBB 5 A i
JRd R IR, T ABATT A MCT-1 88 7] &R Gt B AT IR SRR B
=, H R — P AR N IR . IX P IR 7N B R
BBB I 5 i e S 1) SR A 1 B MR AR R DTV, ROk
W SRR Z 3 W E A S, 8 an i WU 1) R 4t
3.1.3 YUREMBEREMAE 9K FEAE (nano-
structured lipid carriers, NLCs) FH [#] /3 25 J5 Ji V& &5 T 1
e inASHE T, P IN 2 gh s A, S B
P> 25k i, - e E Ik 3R TS A ST I R 3 B A A
Cai %51 i Angiopep-2 1 H56 22 Y% & 991 K ks 3% A4 2R T
Fe 3 4A (cisplatiny CDDP)/# ¥ 4 % (temozolomide,
TMZ), BBB % i& % $2 F+ 10%, i & F1 & 34 i 3 £ .
Basso 2R H i & IR T 15 U7 HE 2248 4h DL AR AR YT -
NLCs, a3k 97.5% HARE KL 6 M H . fEIRST
GBM b, & 73 AR T #ah Ak 5 = 3h 8 n) 1) S g
ZE 5t . Cai 5P W 70 AE 40 ) PR A0 28 35 1 158 BAR 34,
{8 Basso S 5T 12 R BE L A B R 1 T T
R, TR L E K. KR TR E L QbD itk
B ) A, R O AR A S I PR R VA
3.1.4 PEG EGYPEG &M EVIAHENE RAIFHIZL
PESEE W), AR S I A AR e (R KA 1 B A 2 AR 244
AR B 928 S AT B AP IS KRR I T TR 2 3K
PR R RS 2, Dk FE4RE S PR R B, S AR A D 24
BB, {H PEG 7E 4K P 5 52 pH ARG 14 52 10 1] [ i,
SEC IR D, FONCPEG 3%, Ak, 75| A
PEG S KA A I 8] 1 7] B, a1 e ol G %o 240 i 450 B 114
M, f& PEG ISk KRGt F 1 — R E 5.
TEIT 5t T, Angiopep-2 5 PEG 45 G4l 7 — M A
SR P S S o Xin ZEPYH R B Angiopep-2 11 44 K
K (ANG-PEG-NP) i 3% %7 i& BBB, 8 fist Jii 78 A F ik /b

£35.2%, MR E R 3 L A AT K 15 K.
IGAUE 7% PEG ALHE [ REEHIGITIE 11 . NSl i
b 5 B i (P09 PR B B35 . Gao 25Tk 1 T Ja 3k (XL
WIRE R 45, 51 T Angiopep-2 A1 MMP-2 i [/ 74 41
JH 2 37 IR o % T 0 KO R T R B B R B
B IR, TR R AR E T 7E C6 J1 5 788 200 A - 1 5%
U (TE MMP-2 f77E FHETHZ 2.3 6%5). fEMRP, BLBRE R
G0 sk 2 T R AR KN B AL AR A S AN 19 RAEK
F32 R, JF AT B 4L, AR BT TR R [ PR
B fih - 28 5 W

3.1.5 PLGA #%Kki PLGA /& —Ff FDA Itk i) A 4
fRR AW, B R AE DR 25 1 ] B 1R R R T E
T R, AL AR IR AR A HE AR AN, {H L
B 7K 5 B 2 R U, 7l I PEG 6 55 R B 1
Y 5 S K M DARE R AG IR (] e ah, g5 A iR R
BERAE (W59 R 1) it pH M N R R 25 R 4 (i A
i), T S 24 40 1 B ) % )RR Y. Wang S50
KT Angiopep-2 15 1fi [f] PLGA i#:3% % 4t (ANG/PLGA/
DOX/siRNA) 1] 1 i fist J53 723 20 Jfd 1) 364 5, i 8 34K 38 42
151 30%, /N R AL AE A7 I E K 47.8 K . Martins 55
T VR L W i N R 2 5 XU B 1) A5 4 i 45 R
PEm 1245, AN R4 3 4%, DR P A A K 2
54 K, KIAMFIE 528 M 50%. — 353538 d Angiopep-2
&4 PLGA NPs (3t GBM 34 J7, {H Martins %5 7£ 41
IF1] J2 U0 Ak VAR 53 g 1 i b B e, T Wang 25
TE 2 [7) 33 02 SR WS N BR A B RV T R T R
Martins 25 (I HF 52 5 kb T Wang 25 ik = B 0 7 2 B Ji 98
IR BT [ BT A 2, AR AT S5 = H R
3.1.6 BEMRER EAHEMWKK (polymer micelles,
PM) /2 SR P R B SR (B /K A% O ASE K Ah5E) B
2 2 1 TR A K R, S L v VA 1 24 R R
] P-gp AN HESE 55 ¥ 1 M 3R 24 07 X TG R FH 4 o
1515 5 ¥ B 248 (enhanced permeability and retention
effect, EPR) #i Sl 48 [fa il g 20 215 AL 341, (EA7AE k24
BEAK AN 5 5B F SR ATR I ] e, A
I, 20K B R T B iR 2H 29 F) EPR 280 S B4 5
) AR BRI, Jiao SEIVHF R T ORUHE 1) B A B 5 e I8 i
WA G, F T3 L KE 7 259 Dbait LAY 5% GBM X}
JRCTT B BB 1, A R £ L 1 I 164.9%, 40 i O T2 2R
15.72% HICH 81 Jiang Uit 1 —RhJE T4 5
% B (cathepsin B, CTSB) il 3 (1] iR oK 52 45 (D&R-
HM-MCA), T GBM b I7 - S B G697, 98 X
PWOCAE TIGR4.95 15, EAFIALE R 36 K. HIE MMP-2
fil /% RS 77 3% ik 2 75, SLBL“BR B B - L5 7B A
YRR, EERR T AR ERE, YR T
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Angiopep-2 & i fil] 7] M B — & 7] £ “BBB % 3% -l F4
B fih - 22 B S W R IR 9T (R RE I IR BOR AR .

3.7 SRR & 49K BURL (gold nanoparticles,
AuNPs) #2& H 4 JR 7 1) BRI 99K A4 8L (1~100 nm)TY.
FHE L m AR W AH 2R T AR EE I, (R LA R Ak 2 M T T AR
SEVE T, R 584 (40 PEG fb) DARE KA1 BRI 1],
[F] B 5ifE L 6 GBI A g Dhee . (HAKHAE AR
TR A B Z G0 ] 5] Atk 98 0, HL AR AR B AR
W BE pH 148 4k 5 30 SR AE T R DRI L 2 47, Ruan
SR TR T — R 3L T Angiopep-2/AuNPs [ pH
B 9 K 38 36 R 48 (AN-PEG-DOX-AuNPs). fift J #
] FE AL RAB MR AL /51 2 1%, BRME 2% AF T DOX R 803 %
ST pH ) 4 1% (82%:21.9%), T A A= 45 Hiik 55 K,
K 2.89 fi5 . Hsu 5" WS K T —Fh 2 D) REGKF
5 (Ang-Fe-Au NPs), 3= ZLif it LRP-1 # 7] | f #497 A1
MRI F AR S0 SR 12 9T — i Ak, e FL ks 5 R 0
RN BN, 20 A7 335 26 B8 22 5%, TR Ak ARk — 20 4
/N 72,1 mm?, B BRI T 29 75.9%, A AR AT
HEKZ 33K, IEHAHMAFIEZE > 90%. | # 3 A Hr
TET pH M R 33835 2590, SR 5 8 S 1t b K G o7 5
SR UG S, B TR ST AN B RO .

3.1.8 MFLEEGKREA A FLEEYK UKL (mesopo-
rous silica nanoparticles, MSNs) 2001 &=, f 57 A\ 51 B IX
W N FLREGN KRR N T 2530k 2 4877 MSNs A
A A 7 1 FLIE 45 1 A0 iy L R T AR, X v HSE B R 02
IR THAET G HERAMEZRA LR KLET
A 5 JT 1 I 3 R A, 940, ZNVRLAR (40 20 nm) MSNs
[R] B Ry 1 b 3 T AN 1T 8 L R R G 1 3k 24 ke g,
Heggannavar Z£* 1) i 7 — Fh MSNs 1%, DOX, PLGA
B %% PTX [ W 3 25 & 48 (ANG-PTX-DOX-MSNs), XX
2y [RS8 97 28 7 30~50 i, 1C,, 4 0.026 5 pg-mL™,
96 h J5 JiE I L AE T 3R 89.94%. Tao 2&™1JF % 1) pH
MR 2 & 48 (ANG-LP-PAA-MSN@ATO) 1 48 h B %
RIK 77.3%, Bl AR AR 45 /N 75.8%, WA A A7 I E K 22
49.5 K. H W@ T Angiopep-2 $ T+ ) 4, B
R M 5 13— AR B 77 2 5 1 N R ) 56
Vi, B 2 A A ) B R RN SR S R A%
il B AR T AR IR B TE R4, SEH T IR N
T 25 R 254K 30 77 5 W50 1 0] 39 1, R R T 45 5 A A 0T
FINZBEES AR AT IE

3.1.9 RN KFT R LMY K B (magnetic
nanoparticles, MNPs) & 1 B4 12 4% 0 (W18k WAL R 5E)
SRR E (RS . AL A, R ET
Tk P FLAE WA 25 M SRR PR SR T RS A R SRR T
AL JE I B AL B RN I R A R AR

Sy M5 I B 25 RES PR Bk, 5 2500 1 96 2R 0 [A) J, #0
I R, M LA 207 1% BBBEY), Pucci Z™IF & T
— 30 o A R 3 R T 25 e A T B gk
3% RS0, AT ERT GBM IR B A%, 72 h A A7 S
F R 02%. Thirumurugan &™) 2 T 46 3% 10 8%
Jok 1% 576 45 ¥ 25 W 38 1% R 4t (FeTi@Au-ANG NPs),
i d Angiopep-2 /5 I 17 3 18 ARG FA T i [5) 7
i JE AT i S R AR AR 5 U 99% . RIT 3 A7 AE 254 1 Bk R
G 359 25 RORAR SV B AR BB AL WL AS B AR S5 AN A2, W
BT 10 1A I A R 5% A B RE R s Ak T R8CR, HK
RN o 53 IR R G FHER R 55 °C, {H R iR
P RGN A2, T RE s B I I 42K, 547 A2 I
PR BEGG . 3 %4 T Angiopep-2 181 il 71 1) 254
IR,

32 EERERSG

32,1 FREHMA N EEEUAR S S I R TR OE R R
SR, PR B T G AL 1) (L A o B3 B TR, 2K 2 2 1
He B MM ROE AR, AR A EHE: mRohi%
RE 70, A 2R e PR KA R R R AP (HAFAE R
9% JE M AT B8 5] R g S N AR R TR RO, DL K Bl
BLEE S 1 5 HE R AH 3 A8 A 25 R BR P Jiang 250
# T Angiopep-2 5 KA E R —— 2 5 2 (sapo-
nin, SAP) W& | —Fii #8401 55 W Bl (ANG-PS-
SAP), 1 TV 2 SAP TGk A &k N4 H, 1714 Angio-
pep-2 &1 %21 H 1C,, > 30.2x10° mol-L™, & 2 3 il fif
J A IT A, AL AR AP AR K 2 43 K B R d MK,
2t Angiopep-2 1EMfif ¥ 1 8 55 344 A sk 1 OB B
AW AH A AT KA EEPE PP Al S 256 A A F 4
P25 R B /N SRS RL, SRIGIE S0 RG0S, I IR LA AE
J BRPE . Zhu SEPNF KT — PO T BRAE 1 05 1k R G
(Ang/TAT-sEVs-DOX), H. 5 IR 7 5 — 58 [ JIK 1) 52 7410
] R, 20 M 5 B R v 6, AL A AR I AE K 52
R, AW R UAB 7 TR ¢ 6 5 FE 2 2> 83.3%, {H
%1% R G Y S Ie0 FEEAA EE E R E E, 1E n
JHF 3 P B XU, LR 20 BT A B 8 T 1k B R 5 45 24 T
RE S| R ) S SR 1, DR LA AE I R A PRS2 AN A2 -
322 AERBEM AL — BB TS,
ARSIV Y/ PEE R e R 2 NP INETE Y/ IS N AN o
M, B AR R 5 A R IE SR, A
By R AR, B 50 R 40 MO A L P R ki A%
30 Huang SE"URF 78 7 — P DL SR IR fie Jie AR K 23
T NBARI %% R4 (PAMAM-PEG-Angiopep/pORF-
TRAIL NPs), 7 A fE JAZE K 28 61 K, #£ 300 pg'mL™
WEPE R 40 B AF 1% A IE 50%. Sun ZE R T —Ff A
FH 5 JI8 T 4 A 28 A4 1 3 3% & 4t (ANG-CLP/PTX/
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Figure 3 Types of nanocarriers utilizing the Angiopep-2/LRP-1 pathway. PEG: Polyethylene glycol; AuNPs: Gold nanoparticles; Spions:

Superparamagnetic iron oxide nanoparticles; FeTi: Iron-titanium alloy (Created in https://BioRender.com)

pEGFP-hTRAIL), A7 A 7 E K %2 69.5 KX, U-87 MG
20 ) T2 AR 0k 81.99%, KA B IE RVF 2 X4 2. 1%
58 385 i R 792 5 AT 25 1 i[RI A FH e ik 17 B 24
MR 245 1 1) . — 2 I AE I BB B AR, WT e 91 A3
PR RS, = K2 e f5# BIESEPTX 5
TRAIL B A7 B A %03, (H A B A P 5 i 71 4 B 451
ARSI E 7 v R 245 PR AR 4K

3.3 HApiarw

3.3.1 AHGN OBEF (photosensitizer, PS) #& 2L g
W WAL BE IF %% 4k 75 M %A (reactive oxygen species,
ROS), MRS RA W AR H L 7311 HAk A E
12 N AR B 5 TR 3 B 1Y, (H A7 TE B K PESR L 5
RAEFHROS 7 F AL, W Ee 51K B ks 855 e
A S E SR PR o Pucci ZEH # T Angiopep-2 15
i ) NLCs Y63h 11 24 (Ang-Ce6-NLCs). % RS H
RUARAF Ce6 (16 5 VR 5T JFAE A IR BE AR e B, fIK
L LED [ Jim o8 200 A7 35 5 P 22 (1.7 £ 0.9)%, A
A R IR TG N 2.4 1% o HZ R G AE BR TE A 52 Ce6
PTG H OG5 FE BRI (8] T [, A7 8 KA AR e 1
AREE . LiZE"TER T i R KE & (AM-
NP), i# i Angiopep-2 15 1ffi ) 5 Wik 21 A J5 £ 2% 95 ok 5
#¢ (indocyanine green, ICG) M AL 7T 254 SN38 ST 41
ANBOE BOR 1 45 A 92 L GBM [ XU ) B[R VR T o 7
Angiopep-2 141l T, #9 KMk % % BBB fg &7 2 75,
BRAB LR 1 8 20 S i 5 45%. ICG 7E 808 nm
WOGIR R 7= A G BB, [R] I ik K SN38 7 R 1 Ji Jjg

TR 55 v (1) R R T 64.7%, A o988 R B 45 0 60% L
Rt R E R TG, KA EAR TR, X — i
R T BBB (R, Sz T AIT -6 R T .
It 5% FE A B A 45349 1R AL, {H 48.6 °C 1) v A4 T BE 452 47 1F
WA 2R, A VA A B G 8 RIS, iR S ot 2 e B R
B A SRS AT 77— PR R
332 GERETSHIIEIF BT GBM K& LM
Ji R A 55 A BBTB PRl T HTF2 /7 M FE T L 44 1 (anti-
programmed death-ligand 1, aPD-L1) 5 5 9% £ 25 55 #1
il 7 7 2O Xu SV R — R4 Angiopep-2 12
T P W 2 iR 7 AR 90 K 387 (A2-MPC) Bk & i ik
CXCL10 flaPD-L1 L3458 GBM [ 67 . &
[F) 4 b g [X ek aPD-L1 RARFE T 19.75 £, CD8” T 4 il
RAE N 3.85 1, AR RY b B 18 R 1R 5 2.45 1%,
= J0 98 A K o Galstyan 25UV & 1) Angiopep-2/
LRP-1 442K G 2 {5 642 ] 78 240 1% aCTLA-4 Al aPD-1
PR 298, 8 PO AE S R R U S 4H 10 £ DA |
7 5 CD8" T 4H il 3= i 389 Jn 3.5 £, vh A 4 47 1 4k K
40% H AR IE s B8 . B0 K G AR VR A B n]
P45 K, ABATAFEAE AR T JE R HA 2 4 55 56 56 UF FC I
IREALTE ) B 325 3R Sl . i 3 SR i i bt 2 g
PAF $E PR AR T i BUR B, (H B A 2T vl B 51 R
PR A R B, ik — B A KA R .

3 BA T Angiopep-2 21 IR #1445 B K S,
IR EAR KA 4y 36, B 28 T HLRCAR 52 B2 [ 2
BT mUFIAE B 5 B E B
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Table 3 Types and applications of Angiopep-2-conjugated formulations. TLyP-1: Luciferase-yellow fluorescent protein Puro 1; VEGF
siRNA: Vascular endothelial growth factor small interfering ribonucleic acid; DTX: Docetaxel; DiO: Dioxygen; DiD: 1,1'-Dioctadecyl-3,3,3',
3'-tetramethylindodicarbocyanine perchlorate; SLNs: Solid lipid nanoparticles; NLCs: Nanostructured lipid carriers; CDDP: cis-Dichlorodi-
ammineplatinum (II); TMZ: Temozolomide; MMP-2: Matrix metalloproteinase-2; ACP: Ammonium cerium (IV) nitrate; DiR: 1, 1'-Diocta-
decyl-3,3,3",3'-tetramethylindotricarbocyanine iodide; DOX siRNA: Doxorubicin small interfering ribonucleic acid; LAT-1: L-Type amino
acid transporter 1; PMs: Polymeric micelles; Dbait: DNA double-strand break bait; MAN: Mannosylated; PD-L1 siRNA: Programmed
death-ligand 1 small interfering ribonucleic acid; DOX: Doxorubicin; MSNs: Mesoporous silica nanoparticles; ATO: Arsenic trioxide;
MNPs: Magnetic nanoparticles; SAP: Saponin; pPORF-TRAIL: Plasmid open reading frame encoding tumor necrosis factor-related apoptosis-
inducing ligand; Ce6: Chlorin e6; SN38: 7-Ethyl-10-hydroxycamptothecin; ICG: Indocyanine green; CXCL10: C-X-C motif chemokine
ligand 10; aPD-L1: Anti-programmed death-ligand 1 antibody; PD-L1: Anti-programmed cell death protein 1 antibody; aCTLA-4: Anti-

cytotoxic T-lymphocyte-associated protein 4 antibody

Carrier type Receptor ~ Ligand Drug Innovative point Main efficacy point Ref.
Liposomes LRP-1  Angiopep-2, VEGF siRNA,  Dual ligand modification can enhance BBB  Apoptosis index T 8.5 times; [46]
TLyP-1 DTX penetration and tumor targeting tumor suppression rate T 72%
LRP-1  Angiopep-2 DiD, DiO It was first demonstrated that long-chain PEG Brain tumor fluorescence intensity  [47]
can prolong circulation time and promote T 50%; phagocytosis efficiency
BBB penetration 1 3 times
SLNs LRP-1  Angiopep-2 DTX Overcoming P-gp efflux to increase drug Median survival time was 39 days; [50]
loading capacity drug load T 2.3 times
NLCs LRP-1  Angiopep-2 CDDP, TMZ Co-loading chemotherapy drugs, synergistic =~ BBB permeability T 10 times; [52]
enhancement tumor uptake and accumulation 1
3 times
PEG polymer LRP-1  Angiopep-2 PTX It systematically verified the biocompatibility Tumor volume | 35.2%; [58]

of the drug delivery system for the first time  inhibition rate 65.6%; median
survival time T 48%

LRP-1, Angiopep-2, DTX, Addressing issues such as insufficient Median survival time extended to  [37]
MMP-2 ACP coumarin-6, permeability of traditional delivery systems 32 days; an increase of 1.68 times;
DiR by increasing MMP-2 response IC,, 1.03 pg-mL’
PLGA LRP-1  Angiopep-2 DOX siRNA Gene-chemotherapy co-delivery Apoptosis rate 38.4%; brain [59]
polymer concentration T 30%; median
survival time 47.8 days
LRP-1, Angiopep-2 DTX Acid-triggered drug release could enhance Cell uptake rate T 12 times; brain  [63]
LAT-1 targeting of the tumor microenvironment accumulation T 3 times; long-
term survival rate T 50%
PMs LRP-1  Angiopep-2 Dbait Acid-responsive micelles could enhance Cell uptake T 164.9%; apoptosis  [69]
permeability rate 15.72%
LRP-1  Angiopep-2, DOX, PD-LI Chemotherapy-immunotherapy combination ~ Median survival extended to [70]
MAN siRNA therapy 36 days
AuNPs LRP-1  Angiopep-2 DOX pH-responsive drug release and photothermal Drug release rate T 3.75 times, [75]
therapy median survival time 55 days
LRP-1  Angiopep-2 / Achieving integrated diagnosis and treatment Tumor cell survival rate | to 5%; [76]
of glioma through LRP-1 targeting, tumor volume | 4 times
magnetothermal therapy, and MRI imaging
MSNs LRP-1  Angiopep-2 DOX, PTX Full-chain research on material design, Therapeutic efficacy T 30 times — [82]
targeted modification, and mechanism 50 times; cancer cell mortality rate
verification 89.94%
LRP-1  Angiopep-2, ATO Combining environmentally responsive drug  Tumor volume | 75.8%; median  [83]
PEG2000 delivery and pharmacokinetic monitoring survival time 49.5 days
MNPs LRP-1  Angiopep-2 Nutlin-3a Receptor-targeted, magnetothermal, and Cell uptake rate T 20 times; [88]
chemotherapy triple synergistic treatment penetration rate T 16.7 times
LRP-1  Angiopep-2 / Integration of receptor targeting, AMF C6 cell killing rate 82%; tumor [89]
responsiveness, heat generation, and dual- volume | 99%
mode MRI functional synergistic
enhancement
Viral vector LRP-1  Angiopep-2 SAP Combining the advantages of protein toxins' ~ Tumor suppression rate 84%; [36]

low off-target toxicity and high cytotoxicity =~ median survival time extended by
(limited to intracellular activation) with the 95% (43 days)
targeting properties of nanocarriers
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Continued
Carrier type Receptor Ligand Drug Innovative point Main efficacy point Ref.
LRP-1  Angiopep-2 DOX Dual peptide-modified sEVs could achieve Cell uptake rate T 6 times; [98]

efficient BBB penetration and tumor targeting median survival time T 2 times

Non-viral LRP-1  Angiopep-2 pORF-TRAIL

vector treatment through the dual-targeting and
selective killing effects of the TRAIL gene

LRP-1  Angiopep-2 pEGFP-hRRAIL Synergistic effects of Angiopep-2, hTRAIL,

PTX and PTX

Photosensitizer LRP-1 ~ Angiopep-2 Ce6

Significantly improve the efficacy of GBM

(52 days); tumor growth inhibition

rate T 2 times — 6 times

Median survival time was 67 days; [101]
and the nanoparticles maintained a

50% cell survival rate at a

concentration of 300 pg-mL"

Median survival time 69.5 days; [102]
apoptosis rate 81.99%

Under the synergistic action of photodynamic Cell survival rate | 44%; [108]

therapy, NLCs, and chlorine e6, targeting can oxidative stress expression | 2.4

be significantly improved and side effects times

reduced
LRP-1  Angiopep-2, SN38, ICG

macrophage

membrane therapy for GBM
Immune LRP-1  Angiopep-2, CXCLI10,
checkpoint macrophage aPD-L1
inhibitors membrane

Using near-infrared light-triggered
chemotherapy-photothermal synergistic

Their biomimetic design addressed the dual
challenges of BBB penetration and immune
microenvironment modulation in GBM

Cell uptake rate T 45%; tumor [109]
penetration depth 1 2 times;

tumor volume | 60%

Intratumoral antibody [112]
accumulation increased by 19.75-

fold; and CD8" T cell infiltration

treatment increased by 3.85-fold
LRP-1  Angiopep-2 aCTLA-4, For the first time, efficient delivery of CDS8' T cell infiltration T [113]
aPD-1 immune checkpoint inhibitors to brain tumors 3.5 times; median survival T 40%

and reshaping of the immune

microenvironment have been achieved

4 MBS

Angiopep-2 &4 il 77 A% O AR ALE T @© @i #8
] LRP-1 32 &, W [A] i S 30 /& 2% % 3% BBB A4 7 11 &
LR B 8 . WFFCIESE, ANG 1005 7E i
AL TR R A U B R AZ I 4.5 4%, JFEET 65% 44l
TR SRR, @ mst it §F R KB, 4 Angiopep-2 1&
T 366 % R SR AE /)N BRI Jir I b (5 5 AR IB I 2EL
9.1 A%, R PRI TS R AR 100%™, 3 Angiopep-2 F.
A R U I EAAOE BT P, BT R TS A 1 e AN 2 R R
G ENIGIRIGEIE R G, AT 250, 0 HE
T G B VR TT SR SRS P R T B FH AT

SR, AE S BR B F A7 T I — 22 G BE pkik.
LRP-1 52 1A A77E 52 4 P 1) in] 85, 3K 521 Angiopep-
2R R B — R, RN R T
Angiopep-2/CD133 Hi A& XU 7] 5 4, i 2 48 2 13 [
B AT LA 2800 8 52 A 5 4 1) R0, s038 5 A A T A
EE A5, F+ Angiopep-2 5 9K Rk LA 123 BEIR L4 4,
A BRAR 55 4 MEF0 B RS @) gk R E AR Y
AT RE 2 TV B e, o 4 ) O A A A B BT, T B
BBB % 3% 0% Bk 2= R U B R A
T B A i 21 Bk Ve pHY/B I NP AR AT 2
R E A E R FB . ® Angiopep-2 1E N £ Ik 1
— b, AT REATTE I E 1) e g S5 PR, W I PEG G
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i 0 AR RS
5 RERRE
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R R R 16 77 o BBB A BBTB F A% o0 336 32% i 5 12 43t
THBCER .. HIET LRP-1 24605 105 i B4 ML
il 583 TE T IR ST 24 A5 i firh 96 2 2R ) A T 3 12K
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FLAE R TARER S PTIRTT I 2 K PE GBM B
NP EAE R o SR, 1L HI PR 6 45 SR ™ 1B
THRER, R A TE Arm 2 T RO BR o X $E R iR ik
PRSI B 50 B BE AT v s PR 9T BRAR M BRI, VTR
3 R 25 ) R A I

AT, [ 225 B 50 o 25 205 0 T GBM [1R3R
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O P AR G i 2 A 6 P B I 89S M AR, IE S
LR o 0 o 4 B B 5 R O R R TR HE ST GBM
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G5 (AR I AR R L R R A ) 1R R
W B R G, AR Ak B AR HE R 2 (40 MMP-2 1 . A
ACPP7 CTSB i J§7 it ™), @ ¥ [F¥6 97 5 fe % A
B3 69 ¥R N 40 Angiopep-2 1E % % 1R R (o
CXCL10+aPD-L1 i A!M) Jit I8 Pt J5 505 98 i 55 38 16
HH R L, BB TAGTT B A R 59T 1 A ) 184
3 @ S RRIETT HEBL, BT ULAER B UM 25 55 I PR M
R (W Arm 2), #8% Angiopep-2 5 H At ¥ 1) 43 T
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