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[{EZE] a4« & angiopep-2 EMH-FIR-FRAG R4 2R (LHRss ) ZRAPRIE At 2y 2 22 b2
(DOX) (NI RR I AKAZI RS (LHRss-AVDOX ) o ik SRAEFZLE AW T25% DOX MIZ KR
LHRss-An/DOX, KrllsZ SHIRIRAS . zeta ELAIFIANIIERS ; MEZZY EAUERR, HHAIMERUREE T4
SRR (BBB ) RS2 IR IS I a 205, (IR0 TR R AL R4S DOX M 44310 (100 B2 X i
BT e, 4 % BOR LHRss-An/DOX SBRIE, FkiE) (100.94+8.7) nm, REWAHIEFECH 0232, HAL
S (28.8+33) mV, ffEZyEkil Nl 40%, MEEN 15.8%, HEPRN 553%, ££ pH 7.4, pH 5.5 fil pH 5.5+ 10 mmol/L DL-
THIVERE (DTT) 385 F 72 h A ZBEGERS 5N (603£2.6) %, (84.1439) % il (96.64+2.7) %; LHRss-An/
DOX HJE5 BBB %43 52 LHRss/DOX FIFES DOX Y 2.04 Fl 427 1%, ZSAST-E L (P<0.05) ; RRTUEANH
U251 4L LHRss-An/DOX ZE iR 58 T LHRss/DOX Al DOX MZ R, 44 Z44d angiopep-2 IEMHIZ 4K
JREER 11125 BBB B /) I I 56 Aot ) P i S, R A R SR I S R 2R 2 R B
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Preparation and in vitro evaluation of angiopep-2-modified brain-targeting polypeptide micelles

JIAO Xiu-xiu', HU Chu-ling’, HE Mei', DING Xue-ying"’
1. Department of Clinical Pharmacy, Shanghai General Hospital, Shanghai Jiaotong University, Shanghai 200080, China
2. Department of Pharmacy, Jiaxing Maternity and Child Health Care Hospital, Jiaxing 314000, Zhejiang, China

[Abstract] Objective To prepare an angiopep-2 modified disulfide cross-linked lipoic acid-polyarginine polypeptide
and histidine nanomicelle loading anticancer agent doxorubicin (DOX) brain-targeting drug delivery system for glioma (LHRss-
An/DOX). Methods LHRss-An/DOX was prepared by ultrasonic emulsification method, and the particle size, zeta potential
and appearance were detected. The loading content (LC) and encapsulation efficiency (EE) of DOX in the polymeric micelles
and the in vitro release profiles were determined. Transmembrane transport efficiency of LHRss-An/DOX was evaluated using in
vitro blood-brain barrier (BBB) model. The intracellular distribution of DOX and glioma targeting ability were observed by laser
scanning confocal microscopy. Results Spherical micelles LHRss-An/DOX were successfully obtained. The mean particle size
of the LHRss-An/DOX was (100.9 £ 8.7) nm, polymer dispersity index was 0.232, zeta potential was (28.8 =3.3) mV, optimal drug
loading ratio was 40%, LC was 15.8% and EE was 55.3%. Cumulative DOX release within 72 h reached (60.3 £2.6)%, (84.1%3.9)%
and (96.612.7)% in the solutions of pH 7.4, pH 5.5 and pH 5.5 with 10 mmol/L DL-dithiothreitol (DTT), respectively. The
transporting BBB efficiency of LHRss-An/DOX was 2.04 and 4.27 times of that of LHRss/DOX and free DOX, respectively (both
P<0.05). The fluorescence intensity of LHRss-An/DOX uptake by of glioma cells U251 was stronger than that of LHRss/DOX
and free DOX. Conclusion Angiopep-2-modified loading drug nanomicelles have good penertrating capacity of BBB and glioma-
targeting, and it can be a potential drug delivery system for brain-targeting.
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U2 3T 96 2 Jirt i P o R v Ak DL A 2
2 5 BT AT A I B R ) 80%!M it RS £ S IR
AR, SIEE AL FER, T ARMELK I
HA5E2 VIR, MK FEFE ( blood-brain barrier,
BBB ) i /i i 5 e e A A T S 300 R o ) i
%, IR T2 98% W/ ¥ 25 FULT- i R ar
TR N iz Lpds . Bar, FARVIBRAE
B fiz it B AT I IO R YA U A ST U ) s oA
Jr%E, (HEE AT AU, BBB IAFATE T
BN PR 24 Yk AR, T LR PR e 22 1
HERFERBORES E Rk, BITBERAME.

PAER, AR 25 REAT 312 W 58 F1 N
., BT LA AT 259 s Ao m AR, ARk
{EUEZ5 Y its sk BBB F5iz B, #0400k e 2
R A E Y E T I A 21, FRARIE #4140
M2, RO, AR S AT A T
R ERR (lipoic acid, LA ) &MY sc B R
AR AHE R (disulfide cross-linked LA modified
polyarginine polypeptide and histidine, LHRss)
ZHREEH, & — AW A PR . R PEIR BN
KM, BT Z LA (doxorubicin,
DOX ) FISENZ44) pTRAIL, Wit T TH25F AR
i 210 B PR 245 0 T SR AR R AR AT 245 2L s 240 L e
WEFEAEFT, PRSI 2R ATk 94.0%!,

ATHGE R 2T B9 K B A a2 DOX T
JEE BRE VR YT, O R R S A S A8 1 48 v s ok
BBB (55055 K 6] i it S5 Jeg i [l 4 .- Angiopep-2
J& Kunitz BUIEERRAY —Fh, 0 19 DEERA
B, NI BE R AR 1 SZ R AH DGR 1T 1 (low-density
lipoprotein receptor-related protein 1, LRP1 ) HA
FARAAT LRPL 2 —FZIIREZ K, e BA
M N 2400 ( brain capillary endothelium cell,
BCEC) F Bog 40 it b 3545 s 3k, 5%
ZARA AR RO SR S . AL B RCER
FAHIL, angiopep-2 E5#k4- BCEC HYfE Iy Bsg".
REh, FEFi4JREEE (matrix metalloproteinase,
MMP ) 5 i A K B UIAHOG, T LR 4 A A
T, EMREAL P R RL. MMP-2 & MMP
FIGEWES— 51, MMP-2 YL Gly-Pro-Leu-
Gly-Arg-Gly-Lys ( GPLGVRGK ) AJfE Jy 2 Ik JFE
Yy, FAZRIEGE. WA RGEMILRYF, A
R MMP-2 JIRPIRK 4%, ¥ angiopep-2 &

MiF LHRss i, 4 angiopep-2 &) LHRss
22 KR FH 0 )R 7 IS B0 o AR F [ AH &
B angiopep-2 FERRIERER] LA B0 A =i
%R (LHR) ZRRAAR S, 8085 7Lk
I7 25 DOX, [RIN%4%¢ DOX FE447 it o Y B
THCRF M B 2802 B o o 8 1) R o

1 #REnT %

1.1 EE2MNE. XA H@iesk  Zeta size ZS90
RURL M EAY (B E Malvern 2AH] ) ;3 JEM-2010
ALE St B ( HAS JEOL /27l ) 3 FACSCalibur
A (£E BD A7) 5 GloMax20/20 Y
fb2F % SR (S5 Promega AT ) 5 #OEBIL
RERMEE ( HA Olympus /A#H) ) ; angiopep-2
( TFFYGGSRGGKRNNFKTEEYC ) . MMP-2 f{]
JEPIIK GPLGVRGK  ( #WiiL IS 4h A W H AR e A
WRAHE ) 5 L-ZHAMRIMREL . L-AEZAMR . LA, —
CMEAETAEY TR (L) BMARAF]; iR
DOX ( #iyLifFIEZ L AR W] ) 3 DMEM %
FRW. MRS (35 Gibeo AF] ) 5 HoAtiks]4
J4rHrali. BCEC FIRSBUR AL U251 W [ hEFRE
e L IR

1.2 @fe3Edc  BCEC Fl U251 4Hf0H BLE5 T4
10% JEA-IM3E . B8R 100 UmL M55 100 pg/mL
) DMEM 5, 76 37 'C. 5% CO, WA ks
F%, 48 h 5 EIREEIRM, WA N SR KA
W, FRA AR K 80% Rl At F T 525

1.3 Angiopep-2 1445 69 4 DOX % Ak & ( LHRss-
An/DOX ) ##1%& L-R, (LA-RRRRRR) . H,
(HHH) . MMP-2 IK#Jik. angiopep-2 Ik, LA
1E 2 AR B AR & B0 & ¢ LHR F
LHR-An REWZAK, I8 i SOM s 80R AR 3 F
frafifk. FREC 1 mg & DOX , A 1 mL —4H
BE, A 3 RFEERIER = MG, =i, S
b HEEREL 101 FREL AR LHR Ml LHR-An 3
AYZKIETHEE, A 10 mg/mL AR R ER
BREL, FEEIR RN 12h, AT HES; PYh
FE T RGBT FFiE R 3 500)
BENAifE 12 hy YR, 3RS AR LHRss-
An. 4 LHRss-An % XK, SRIGHE RS 1)
DOX AWOZH A E LHRss-An B, WKIN&
1 200 W R 30 s, #FLALSEIZIKF DOX
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(TR A T TR B8 i Pk DS S h,
BRI i — S e LR 0.45 pm AYHL
FLUBME IR, B EARER) DOX Fkr, il ik
25 LHRss-An/DOX .

1.4 LHRss-An/DOX # % 4= &3t F4m  DOX
FIbRAERZE . FREL 0.001 g i) DOX, fiIIA 1 mL —
AL ( DMSO ) #4531 000 pg/mL f DOX 1A
(R o FehileE R 05, 1, 2, 4, 6, 8ug/mL
() DOX-DMSO ¥, FHAk2A & ARSI 2 ¢ S
SR, ZelbRiEZR .

MR 25 5 22 R AR B AR L A SR 10%
20%. 30%. 40%. 50%, #% 1.3 Wi R 7kl
YA LHRss-An/DOX. i 33 ¢ 43 't B vk
I LHRss-An/DOX 2824 i fifd 3% B
Hil %4 LHRss-An/DOX A 100 uL, A
DMSO 900 puL, #ijH 20 min, BRI oG5 F i 2
i DOX. ARG EHLKEI . 43008 38 25 i A a0
BOIR (%) =W/W,X100%, BE% (%) =
WIW, X 100%; 2 W, st s T RR N A28
i, W, FoRBARIEE, W, FoRERT
B/ LSPSYo N
1.5 LHRss-An/DOX #9 & 4E  HGE & il & 12524
R LHRss-An/DOX, H#BEIREEZZ bk (PBS)
FREHI AL 1 mg/mL %W, #50 LHRss-An/DOX Y
RAE I zeta BN, B STHELEE FULSICAIE R, B 1
TERETE 2 L, FHEAO T, FUT R L A
ML, B, R 75 kv, W
LSS E)

1.6 LHRss-An/DOX #94k a4kt RHEMNT
P:F5% LHRss-An/DOX #Z5 I if DOX AYBEL
178 B2 mL 824 A he AUBR XS 43 By
3500 HEHTASH, APl RERTAS AT 40 mL pH
7.4, pH 5.5 fl pH 5.5+ 10 mmol/L DL- i Bz
(DTT) PBS fkerrr, 37°C $idk (100 min )

SMRIE 05, 1, 2, 4. 8, 12, 24, 36. 48, 60, 72h HL
200 pL FESRREI, [RIBSARTE 200 pl i AR
A AL IR 2 DOX ZEsRIE

T DOX 1 R HE

1.7 BB RAEEREAEE 1 B BCEC (5X10°4L)

FEF T 24 FL Transwell #izf) E= 1, AL 500 pL,

TEMA 1 mL JCIMIE IR . BRI 20 A FL
fFHAE S, BCEC W#IEM BBB., BOWHA K

Wiy U251 4, THALRCRANIE R, WA R EM
KR, B U251 40fE4% 2 X 10°/4L/m% Transwell
W Rz, EMmA IR E 24 h, RIGHE L
/B E DOX. LHRss/DOX & LHRss-
An/DOX (DOX &N 1 pg/mL) . 4325 12 h
J5, WFE FERFEW, FH PBS ¥k 3 Wk, JEAEN
fb, #0005 PBS Hkk, PAZs FANE/EBR TR,
FIHGE ARG U251 4HH%F DOX B8
DL R X e R

1.8 ZHpeymie A oA BOTEBUZERINN U251 4
ML EEFL 1 mL (AL 5} 10° 4 ) Brh T 24 1L
M (e LK w8 R ), 7837 C.
5% CO, AT IESE 24 h, FEE45550, PBS ¥k 2
W, AN ACE B DOX . LHRss/DOX . LHRss-
An/DOX (% MMP-2 Wi4b# ) LHRss-An/DOX
( LHRss-An/DOX+MMP-2 ) WTC I 55 550
DOX ZHeEN 1 pg/mL, 7£ 37 ‘C. 5% CO, HYMHH
FIRESE 4 he B3R, PBS Uk 1 Wk, FBIAK
4% ZHEHEERIRIE 2 30 min, PBS ¥k 3 K. WAL
8 WL 4 DAPI W i T3 A L, 1RIEE
B N i S O R T e e SR S D A O E =1
Wi b o FIRBEOEHE R R A B s W 2 IR
#E U251 Mt O, JFHIRIE SR .

1.9 %itzpas® W SPSS 18.0 A HE 740112
SR, SERREHRELL X5 For, A SR RS
FEA ¢ K206 . M7k iE (o) 24 0.05,

2 # R

2.1 LHRss-An/DOX #9# 25 2f &3t % DOX 1)
A FE N F=17 486C+3 087.2 (R*=0.999 4,
n=6) , LVEVEHEN 0.5~8 ng/mL. #ZHIA Ik
FACSER A RN 1 Fios, BEE 2GRNk
HIBRHITE, GBPREEN; 2N 40% 1
50% AL By, P4l R gl i 25 S
TR (P>0.05) , HEAELZEIL R 40%,
PN 15.8%, HEHRN 553%.,

2.2 LHRss-An/DOX &k 4E  frfef il & 4k 25 I8
W LHRss-An/DOX [FEHUETRIAR I zeta LA 4N
K 2 fion, EERifRN (100.9+8.7) nm, B4
Y1 B+ 4 ( polymer dispersity index, PDI) A
0.232 (/T 0.3) , UEHIZRZIHURI AR A 3
zeta Hif g (28.8+3.3) mV, UiHIR T2 FHL 1
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HEEEAAAE, s HmeEr (K 3) a5, KRR
LHRss-An/DOX EI3RIE .

100 ——LC - EE 420
80 F 11s
i ol -103
20 f 1°
0 : ' ' : . 0

10 20 30 40 50 60
Mass ratio of DOX/LHRss-An (%)

1 LHRss-An/DOX KIHZAEM B EH RGN LR
Fig1 Loading content (LC) and entrapment
efficiency (EE) of LHRss-An/DOX
DOX: Doxorubicin; LHRss-An: Angiopep-2 modified disulfide

cross-linked lipoic acid-polyarginine polypeptide and histidine

25
20

Intensity (%)
Y

0 . A
0.1 1 10 100 1 000 10 000

Particle size d/nm

A
N

200 —100 0 100 200
Zeta potential p/mV

2 LHRss-An/DOX HIHI{Z (A) #0
zeta B3I (B) i [&
Fig 2 Particle size (A) and zeta potential (B)
of LHRss-An/DOX
LHRss-An: Angiopep-2 modified disulfide cross-linked lipoic

Total counts (X

acid-polyarginine polypeptide and histidine; DOX: Doxorubicin

2.3 LHRss-An/DOX #94k s 1F pH 7.4,

pH 5.5 Fl pH 5.5+10 mmol/L DTT 435421
2 B A0 LE R IR B L DA TR A A RN b e A i PN 3R
B N, LHRss-An/DOX RSN RCASMEAnIE 4
fit7x, LHRss-An/DOX )R il Fifi & Bl A 5t 1Y)
AR Ak . 78 pH 5.5+ 10 mmol/L DTT ¥ &3
T, LHRss-An/DOX 72 h N 2BBICR A
(96.6+2.7) %; pHS5.5¥FHETF, 72 h WAYEH
BN (84.1£3.9) %; pH 7.4 HEi F, 72 h

N BRBEHCE R (60.342.6) %, BiEHE 2GR
LHRss-An/DOX 7 g 40 g 4 vl DU s . A »ich
i DOX, TAE IR H AR IR 5T P AR AR E o

B3 LHRss-An/DOX HyiE St IR E
Fig3 Transmission electron microscopy image
of LHRss-An/DOX
LHRss-An: Angiopep-2 modified disulfide cross-linked
lipoic acid-polyarginine polypeptide and histidine; DOX:

Doxorubicin. Scale bar=200 nm

+10 mmol/L DTT

DOX release (%)

Time t/h

4 LHRss-An/DOX BIRSMERUFRIE i 2k
Fig4 Invitro release profiles of LHRss-An/DOX
DTT: DL-dithiothreitol; LHRss-An: Angiopep-2 modified
disulfide cross-linked lipoic acid-polyarginine polypeptide and
histidine; DOX: Doxorubicin. n=3, x*+s

2.4 BB RAEREE LR ERAYEAR
WMELHFES DOX., LHRss/DOX . LHRss-An/DOX [
PR E SR, 4558 (I’ 5) Bn, LHRss-An/
DOX 15 %12 3408 e =5, LHRss/DOX K2,

PO (349865 B (A 73 I J& DOX 1Y 4.27 £
2.09 %, ZRASZITFEX (P<0.05) , Bl
iR LU B DOX Y5 IEF5 2 30% . LHRss-
An/DOX V-5 5658 (& LHRss/DOX 1Y
2.04 £, ZRASGITFEX (P<0.05) , Bl
angiopep-2 &1 AT LAAG RCHE o 28 24 g ol 17 i s s i
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Transwell filters —=

Donor chamber —|
BBB monolayer —
Acceptor chamber —

U251 cells
A
BBB model
—— Control
o DOX
Iﬁﬁ“* —— LHRss/DOX
E»F ' —— LHRss-An/DOX
|2}
=
=1
o
O
0l reas. B
10" 10 10° 10° 10"
FITC

O Positive DOX cells
B Mean fluorescence intensity

?]00'

S ©
= 8 %
x
2 40t 2 2
) poi=
2 5
.%‘ 20 1 s
v

5 {51 BBB 4R (A) AR ST L AT 5 B
DOX R HZRAIE (B, C)

Fig5 In vitro BBB model (A) and cell uptake of free
DOX and drug-loading micelles by glioma cells (B, C)
BBB: Blood-brain barrier; DOX: Doxorubicin; LHRss-
An: Angiopep-2 modified disulfide cross-linked lipoic acid-
polyarginine polypeptide and histidine. "P<<0.05 vs control
group or DOX group; “P<0.05 vs LHRss/DOX group. n=3,

xts

2.5 Hypvymie A oA IR I U251 435
5i#8 DOX. LHRss/DOX. LHRss-An/DOX #l
LHRss-An/DOX+MMP-2 i H 4 h J5, @id#o6H
LR A BN, 25 RWE 6 s, DOX 41
A T AR B AN AR AZ N, SRRE YRS, A5
DOCIRE RN 45 MMP-2 TiALBEAY LHRss-An/
DOX #H>LHRss-An/DOX #H>LHRss/DOX 4 >
DOX #H, UiPH angiopep-2 1811 A48 K Je o ml A5 %L
75 A I A A g, EL MIMIP-2 Fiikb 38 LHRss-
An/DOX J5#143 angiopep-2 MK R FL TR T, (#3%
EFRAR NN, DA T ARRCR.

DAPI Merge

LHRss-An/DOX
plus MMP-2

6 HAPRBAERERRENZRRRBHARN
iE DOX MHFERRA T
Fig 6 Distribution of free DOX and drug-loading

micelles in glioma cells by LSCM
DOX: Doxorubicin; LHRss-An: Angiopep-2 modified disulfide
cross-linked lipoic acid-polyarginine polypeptide and histidine;
MMP-2: Matrix metalloproteinase 2; LSCM: Laser scanning

confocal microscopy. Scale bar=10 um

AR5 K A angiopep-2 &4 LA-RHA AR
AR LKA KR LHRss 1348 DOX, M Tk
ShE5 BBB A i o Jd A A ) M 14 58 Y LHRss-An/
DOX. LA HA 7T PN IoI —hisd g e Mt
AR GR AL, TR A5 T 0 F N Zhi s vl
REW N TR G5, AROE IS g2
AIELERAE 1o A 78 i PR A 25 48 b e fk Ak T
ML =40% B, BEE I G g2 i 5 A
A BRI, ATREEH T DOX FEM A A5
IRHENAZ IR EI AT, 20 DOX il sk, 25
I H 40% BYEZH I LHRss-An/DOX HRIAE K
(100.948.7) nm, FiARsAEIIA] . IR AL 5L
Ware pH N 5 AR ] DUR A 4™, AR
FAEWHE (pH 5.5) FIMIEANLP (pH 5.5+10
mmol/L DTT ) i h B 25) . ol b i) it gk
AT AFEIR RS P24, {2k DOX T Pepsic™,
IRAMNBEI LB 25 T 221, LHRss-An/DOX 1] LAk
R 7 e 240 N A B ASERLAR I, FE pH 5.5 IR
FIRIFPEYI BT DTT 245 F DOX Y R i 8t
M ETF, e 2T, angiopep-2 &1 Ak
AR R B IR 1A 5 BBB RIUR R
FE R0 8] 7 1H , angiopep-2 &M — 5 H5 B 44
K AR A 255 1 30 i e R 42, R AL SN
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WEER) MMP-2 55— D2 ffiffr 3 angiopep-2
MMP-2 JIEYIGZ 2L, #OS Wik, iz iR
K VNNl e R S R VST I S K EE Ea
B 5 8% T WIEE S LHRss/DOX il LHRss-An/DOX
FEA BB AR Th A 4 AT, BEWTERZA ISR AT I
PRV IR A 2k 38 1 Ok I 7 A0 LT PN R B i DOX,
SRIG It — A B A% N R TRL

2 L rid, angiopep-2 &) LHRss-An/DOX
X TR BBB R K S i ) e ) HoAT —
SEMYE X, LHRss-An/DOX o ELA %5 & 1 2k 24
M RN YE . TEIRSN BBB RIS LG
SR A s S AR, HLB I BT A M U251
B BRI AT AR A P %, A A LT A
HOE A IR AZ N & #2550 . LHRss-An A 282 4E h—
Pl L BT4R25 . A A0S BBB A Mg 80 i (1 4 oK 2% Ak
o FH T B SRS B9 Y, eSStk il — A R gy
TR AN e 1 1 B LA

[Z % X #f]
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