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Angiopep-2 and transferrin co-modified liposome for targeted drug delivery across the blood-brain barrier

DONG Xiang” . CHANG Geng
Department of Neurology, The First Affiliated Hospital of Dalian Medical University, Dalian 116011, Liaoning, China

[Abstract] Objective To prepare angiopep-2 and transferrin co-modified liposomes (ANG/TF-LPs) and to observe their

property of passing the blood-brain barrier (BBB). Methods ANG/TF-LPs were prepared by film-ultrasonic method. The
particle size, Zeta potential and stability in fetal bovine serum (FBS) of ANG/TF-LPs were evaluated. The cellular uptake of
ANG/TF-LPs by bEnd. 3 cells in vitro was observed to evaluate the targeting efficiency. The in vitro BBB model was used to
evaluate the ability of liposomes passing the BBB. Results The diameter of the prepared ANG/TF-LPs was (93.2413.5) nm,
the Zeta potential was (7.55%1.85) mV, and they were stable in FBS within 24 h. It was found that the uptake of ANG/TF-
LPs by bEnd. 3 cells was 2. 9, 2. 4 and 4. 8 folds those of transferrin modified liposomes (TF-LPs), angiopep-2 modified
liposomes (ANG-LPs) and liposomes (LPs), respectively (P<C0. 01). The efficiency of ANG/TF-LPs passing the BBB was
3.1, 2.9 and 5. 4 folds those of TF-LPs, ANG-LPs and LPs, respectively (P<C0. 01). Conclusion The angiopep-2 and
transferrin co-modified liposomes are easy to prepare, and the modification can enhance the BBB passing ability, making the
prepared liposomes a promising brain drug delivery system.
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1.1 MM R @i Zetasizer Nano ZS90 I % ki
JEAL K Zeta HL 43 A7 AL (F2 [E Malvern A #]) ., An-
giopep-2 ( FiH /R AW B 4 5D s e gk 1 (B [
Sigma 2 #] ) s K & # g (SPC, 3 [E Sigma 24 @) ;
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1.2.1 Angiopep-2 5 1 flg i & C(ANG-LPs) #y #|
% ZMOCERL6 1071k A i ANG-PEG2000-DSPE,
5 FRIBCR LB 15. 20 mg, JHEBE 1. 26 mg, %
P 3.85 mg, DSPE-PEG2000 1. 45 mg, ¥ LA L #f
B2 1 505 b 7880 T8 R e 0 2 18 B Bk
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TR 4% 24 1
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RE,. T 37TCTHIEE 1.4.8.24 h, 431 & HAE 750
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F L RUB IR TE &4 50 % FBS B PBS Bt R 5
HAE PBS w1385 6510 HAE R PFA 94 KR AE I 7
AR M
1.2.4 HibammEREIR B EKPM®
bEnd. 3 4 i LA 5> 10° 4> /FL 1) % B #E 70 T 6 LR
Hh, 37 CRE SR 24 h ) o LI AT AN TR) i 5 4% fof L.
IS R EE 4 0.2 mg/mL.37 CIFF 2h M4 h )5
B 25 5 R TR B 35 W78 PBS 5 36 2 1R, 0. 25 06 i il
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Z W VK PBS fjf7. BHOCILRERME T
L5 24 it 45 A 8L

o T RSN R M I B Bk R X ANG/TF-LPs
9 A BELRE 7 14 52 W) AR BIF 5 A8 200 £ JBCSE 3 b i A
Uit B AR O DR o ANG/TF-LPs (158 G40
HAE . AE A B BT HT 30 min T5 56 I AE 25
M5 B (4 mg/mL), F 37C FIL[H B FH 30
min, 30 min J5 5 2% [H 85 35280 0 A KT 6 55 55 . 7
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3TCWEHE 4 h R L& IR BTR B 7M. ¥2 PBS W5 Ik 2
0. 25 %0 [ AL J5 B0 PBS Wi ¥k 3 U i U 4H
I ASCIN 2 240 i 5 S A
1.2.5 Jeftkihis itz L% 4 bEnd. 3 1L
2X10° A /em® P F Transwell 2k 2 B I L, 55
7% 3 JA G . FH WPT 4 Jfd 25 5 el B A0 7 (25 S e, L {0
(TEER) .4 TEER ffi kK F 250 Q » cm® Hf, 7] F{E
P G A S0 B R B SC I R B A T I A



5510 W1 L5, Angiopep-2 55 Bk EE U6 1 N U1 5 G 5 R 1) B9 5

+ 1085 -

JEAAR W . R B8 PBS, ERF(0.5.1.2.3.4,
5.6 WU T & B R I 2EO6 43 60 BE I e
HAOLH .

1.3 itsa® A SPSS 21. 0 Goit &4 k75
oo R L 2 £ s FoR AL L ECR T ¢ K
5, ZHE BT 2000, KK HE () 2l 0,05,

2 # R
2.1 FeRAkey kAR IGE B BUA HTROERL EE A

TERAE VA B Zeta AL, 5 RN 1 Fro . ANG/TF-
LPs ffki4% K (93, 2213, 5) nm, Zeta H {37 K (7. 55+
1.85) mV, HFZEMEEMAEFN 92.6%,

x1 FEERERHRIE
Tab 1 Characteristics of different liposomes
n=3, rts
Formulation Size d/nm PDI Zeta-potential ¢/mV EE of Res (%)
LPs 92.8+4.4 0.110+0.020 —2.5243.46 92.4
ANG-LPs 91.9£7.4 0.13040. 030 2.8242.26 90. 2
TF-LPs 105.5+10. 8 0.18040. 050 4.554+1.35 88.9
ANG/TF-LPs 93.2+13.5 0.14040. 060 7.554+1.85 92.6

LPs:Liposomes; ANG-LPs: Angiopep-2 modified liposomes; TF-LPs;: Transferrin modified liposomes; ANG/TF-LPs: Angio-

pep-2 and transferrin co-modified liposomes; PDI; Polydispersity index; EE:Encapsulation efficiency; Res: Resveratrol
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Fig 1 Transmittance variation of different
liposomes in 50% FBS
LPs: Liposomes; ANG-LPs: Angiopep-2 modified lipo-

somes; TF-LPs: Transferrin modified liposomes; ANG/TF-

LPs: Angiopep-2 and transferrin co-modified liposomes;

FBS: Fetal bovine serum. n=3, z+ts
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Fig 2 Uptake of different liposomes by bEnd. 3 cells
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LPs: Liposomes; ANG-LPs: Angiopep-2 modified lipo-
somes; TF-LPs: Transferrin modified liposomes; ANG/TF-
LPs: Angiopep-2 and transferrin co-modified liposomes.
* P<<0.05 vs ANG/TF-LPs at 2 h; 2 P<0. 01 vs other

three groups at the same time. n=3, =+

AW B ¥ 2 % 1 )5, bEnd. 3 40 i % TF-LPs
Al ANG/TF-LPs {8 B0z 2406 . 22 55 Bk G T2
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Fig 3 Uptake of FITC labelled liposomes by bEnd. 3 cells

under confocal laser scanning microscopy

LPs: Liposomes; ANG-LPs: Angiopep-2 modified lipo-
somes; TF-LPs: Transferrin modified liposomes; ANG/TF-
LLPs: Angiopep-2 and transferrin co-modified liposomes.
Original magnification: X1 000
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Fig 4 Influence of free TF on uptake of different
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liposomes by bEnd. 3 cells

LPs: Liposomes; ANG-LPs: Angiopep-2 modified lipo-
somes; TF-LPs: Transferrin modified liposomes; ANG/TF-
LPs: Angiopep-2 and transferrin co-modified liposomes; TF:
Transferrin. ** P<C0. 01 vs the same liposomes with free

TF; 4 P<<0.05 vs TF-LPs with free TF. n=3, z=*s

2.4 JRRR 5 o BT AR 38 3 A I AN [ B ]
BOF B B ¥ PBS (558 B L AT LI g% B 5 i
A F1Y 125 J o i A I () 79 38 00 5 15 KL 6 b JE L ANG/
TF-LPs /%55 If i bt B 20 % 73 51 & TE-LPs, ANG-
LPs il LPs B9 2. 9% 3. 1 {5 A 5. 4 5. 2R BA S
TR X (P<<0. 01,8 5), VW] angiopep-2 F%% &k
A B IS RE 1 9 R BT AR 5 I i B e

1000 —1ps
—=— ANG-LPs
80 TF-LPs b

== ANS/TF-LPs

60

40 1

FITC fluorescence
intensity of B side

20

0

Time t/h
5 EEmiERERER FITC FRi0 S R G LB E

Fig 5 Fluorescence intensity of FITC labeled liposomes
crossing blood-brain barrier

LPs: Liposomes; ANG-LPs: Angiopep-2 modified lipo-
somes; TF-LPs: Transferrin modified liposomes; ANG/TF-
LPs: Angiopep-2 and transferrin co-modified liposomes.
** P<C0. 01 vs other three groups at 6 h; ©~ P<C0.05 vs LPs

at 6 hy n=3, £
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