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Cell penetrating peptide TAT and brain tumor targeting peptide T7 dual
modified liposome preparation and in vitro targeting evaluation
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Abstract: The purpose of this study is to prepare T7 and TAT dual modified liposomes (T7-TAT-LIP) to
penetrate through blood brain barrier and target to brain tumor cells. The liposomes were prepared with CFPE,
T7 modified PEG-DSPE, TAT modified PEG-DSPE, soybean phospholipid, PEG-DSPE and cholesterol. The
CFPE was used to track the cellular uptake efficiency. The density of T7 and TAT and the length of PEG were
optimized, and then the liposomes were characterized by particle size, zeta potential, morphology and stability.
Afterwards, the cellular uptake by bEnd.3 and C6 cells were evaluated. The results showed that the optimized
parameters were 6% of T7, 0.5% of TAT, the molecular weight of PEG for T7 was 2000 and the molecular weight
of PEG for TAT was 1000. After optimization, the particle size of T7-TAT-LIP was 118 nm, the zeta potential
was —6.32 mV and the particles were spherical. The turbidity and particle size of liposomes were not obviously
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changed after 24 h incubation in PBS at 37 ‘C. The particle size and polydispersity index were also stable
during 1 month incubation at 4—8 ‘C. The cellular uptake by both bEnd.3 and C6 cells of T7-TAT-LIP was
higher than that of T7 or TAT modified liposomes, suggesting dual modified liposomes possessed better blood

brain barrier targeting ability and brain tumor targeting ability than the single ligand modified liposomes.

Key words: liposome; cell penetrating peptide; blood-brain barrier; brain tumor
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CEFA AR WO RBEAX /zeta HL AT 43 BT AX
(Nano ZS90, Malvern, %% [H); 41X (Cytomics™
FC500, Beckman Coulter, 35E); FEH M55 (Hitachi,
H 7); NHS-PEGgp-Mal. NHS-PEG;s0-Mal (dt 5%
YR AR AA); 1, 2-dimyristoryl-sn-glycero-3-
phosphoethanolamine (DSPE). DSPE-PEG;(-Mal
(Avanti polar lipids, [H); TAT peptide (Cys-AYGR-
KKRRQRRR) (EBILA MR R AF); T7 (L
HERR R A MR IR A R, SRR EBER (SPC,
FHEH R AR A F]); BHEE (CHO, HARTH A
Jetk T3] ); DSPE-PEGag, 2-dioleoyl-sn-glycero-
3-phosphoethanolamine- N-(carboxyfluorescein) (CFPE)
(Avanti lipids, 3% [H); DSPE-PEG-TAT . DSPE-
PEGa000-TAT~ DSPE-PEG009-T7+ DSPE-PEG;505-T7 (H
ARG = A R); Triton X-100 (AL 4EEAEREYIH
RERAT); 1640 F;3E% (Gibco, 3 [H); Sephadex-
G50 (Pharmacia, %[H); fa4-1fli& (FBS, Hyclon, 3%
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CFPE FRiCHI N HAE BRIREEI & MR STk,
SR FH T 4 15— s ) % T AR, RREAL U &
SPC. CHO.DSPE-PEG49» DSPE-PEG - TAT/DSPE-
PEGyo-TAT, & TR G WAt (&7 HEE=2 1),
BN DSPE-PEG00-T7/DSPE-PEG;50-T7« idi & CFPE
DA e R (CFPE K% 15 ug'mL ™), 7E 37 °C
FAF P IERE 75K 10 min B A LA, T RUE R,
AT 20, PABRZFREE A HA . A pH 7.4 PBS
1 mL, 7£37 °C. 180 rmin ' &K T #EE/KIL 1 h;
KB 2~5 min, {§ 5T DUREE |- 5¢ 2 Wik, 4R
S (200 WL 75s) LAUE RIS STHIAR A, 25 H .

DSPE-PEG-T7 B E %1 5 B A B 40 B iR BN AV 52
Mg >R DSPE-PEG-TAT ] PEG %+ 2000, &N
1%, DSPE-PEG-T7 [f] PEG %4 2000, §ifiik DSPE-
PEGo000-T7 HIF & 437N 2% 4% 6% F1 8% (3 1),
PR LR 75 2 25 N AR, SR O RLEE A zeta HELAL
S BTG 5 BT 15 1 A4 B RLAR A zeta HAAVE .

Table 1 Composition of liposomes (mol%) used for optimizing
of amount of DSPE-PEG-T7. LIP: Liposomes; T7: Brain tumor
targeting peptide; TAT: Cell penetrating peptide; SPC: Soybean
phospholipid; CHO: Cholesterol

DSPE- DSPE-

Sample SPC CHO PII)ESGPEJ_O PEGao00-  PEGao00-
T7 TAT
PEG-LIP 57 33 10 - -
1% TAT-LIP 57 33 9 - 1
2% T7-LIP 57 33 8 2 -
2% T7-1% TAT-LIP 57 33 7 2 1
4% T7-LIP 57 33 6 4 -
4% T7-1% TAT-LIP 57 33 5 4 1
6% T7-LIP 57 33 4 6 -
6% T7-1% TAT-LIP 57 33 3 6 1
8% T7-LIP 57 33 2 8 -
8% T7-1% TAT-LIP 57 33 1 8 1

PR BRI 4R Co & BE RRARHOIREN % %% DSPE-
PEG 000-T7 I FH &5 Co 4l SR HL 152 . Co 4Mfig 3
T T 6 FLAR N, FR40 MRl & FE ik 80% /247 H 40 A&
MO, 0 B INGE B R B IR A (PEG-LIP). T7
BHERE B A (T7-LIP). TAT 1&Hifil§ Fifk (TAT-LIP) F
RUSAHRE AR (T7-TAT-LIP), F %57 58 8 5 JIg o o 1
4 0.3 umol-mL™", 7E 37 C. 5% CO, A E 4 h,
FHRERG WA 250 HEE S, SR =4 M AR W 20
i 55 HOC P IR O A P 26 Ol i o

DSPE-PEG-T7 & PEG $1<xf W &1HAE FRIFRY
MAIRENAYEME K DSPE-PEG-TAT ] PEG 8

N 2000 F &N 1%, DSPE-PEG-T7 [ HE N 6%, i
1% PEG HIBEK 454 2000 A1 3500 (£ 2). # M Eik
JiER AR AR, FRIE C6 21 X % i o Ak 1) £
0. %%¢ DSPE-PEG-T7 1 PEG KX C6 4 f $% HL
faf-AIR

Table 2 Composition of liposomes (mol%) used for optimizing
of length of PEG of DSPE-PEG-T7

DSPE- DSPE- DSPE- DSPE-

Sample SPC CHO PEGano PEGa000- PEG3500- PEG2000-
T7 T7 TAT
PEG-LIP 57 33 10 - - -
1% TAT-LIP 57 33 9 - - 1
6% T7-LIP 57 33 4 6 - -
6% T7-1% TAT-LIP 57 33 3 6 - 1
6% T7-LIP 57 33 4 - -
6% T7-1% TAT-LIP 57 33 3 - 6 1

DSPE-PEG-TAT 71 PEG $i & X W & 115 B FR A AY
MBIRENAISZNE K DSPE-PEGa0-T7 HIFIE N
6%, DSPE-PEG-TAT [ &4 1%, fiiik PEG # K7
518 1000 A1 2000 (£ 3). 208 3R 75 vk i 45 8 B Ak,
FFME C6 AT & 5 Jot f4 1) $5 X, 7%5%¢ DSPE-PEG-
TAT AN [H] PEG K il 25 I IR 5 746 Co 4 B 11
A

Table 3 Composition of liposomes (mol%) used for optimizing
of length of PEG of DSPE-PEG-TAT

DSPE- DSPE- DSPE-

Sample SPC CHO }%SGPZE;O PEGaz000- PEGio00- PEGa000-
T7 TAT TAT
PEG-LIP 57 33 10 - - -
1% TAT-LIP 57 33 9 - - 1
6% T7-LIP 57 33 4 6 - -
6% T7-1% TAT-LIP 57 33 3 6 - 1
1% TAT-LIP 57 33 9 - 1 -
6% T7-1% TAT-LIP 57 33 3 6 1 -

DSPE-PEG 0-TAT F £ % X & i1 g B A B9 48
FEIBERAYSNE SR DSPE-PEG)0-T7 11 FH &N 6%,
fii 1%t DSPE-PEG 000-TAT HJHE TN 0.5%F1 1%
(R 4). %M IR T7 VLM & e B, IEE C6 241 fuxt
H R AR BB, 25%8 DSPE-PEG 0o-TAT i &%
C6 ZH B HL (1 fE i

BUEIHRE BRI RAE  ARIER AL 4b 75 [F] ok
Tk g IR TR, R A BOEKLBE A /zeta HLA 53 BT AX
W52 P3G AR R AN zeta HIAT . S IB 5 BB
W Z2 XS i SR AR (0 T 265 o GG 25 IR R A R i e R &2
BIEIREE, T INTE A SRR AR 0 b, 2% 854S
FRgeth, BARTIRGRHZEN B Mg A
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Table 4 Composition of liposomes (mol%) used for optimizing
of amount of DSPE-PEGggo-TAT

DSPE- DSPE- DSPE-
Sample SPC CHO PEGano PEGa000- PEGio00-

T7 TAT
PEG-LIP 57 33 10 - -
6% T7-LIP 57 33 4 6 -
1% TAT-LIP 57 33 9 - 1
6% T7-1% TAT-LIP 57 33 3 6 1
0.5% TAT-LIP 57 33 9.5 - 0.5
6% T7-0.5% TAT-LIP 57 33 35 6 0.5

MUEIHBE AR EMEE 47 PEG-LIP.
T7-LIP. TAT-LIP fil T7-TAT-LIP % figJfif& 50 uL, fn
A1 mL PBS (pH 7.4) 1, IB& )5, nF| 96 fLikH,
#E4L 200 uL, 7€ 37 ‘C. 50 r-min ' EKRFIEE, 25
F 0. 2. 4. 6. 8. 10, 12 F124 h RHL2E KRG
T 750 nm WEFESIE R, DLAINE AR PBS
PERRTHRAH o & FF i & I 8] SO DG 22 5 0 h i@ a3
B LCAB N AL KR, 25 ] 18] SO AR AA R, 22 3d Ot 2 bl
5] f A2 A4 i 2k

743 BB PEG-LIP T7-LIP. TAT-LIP £ T7-TAT-
LIP #fgf{A 50 pL, 0N 1 mL PBS (pH 7.4) ,
REJE, f£37 °C. 50 r-min ' SBKFEE, 45T 0.
2. 4. 8. 20 F1 24 h MEFEMEIRAE, PRI AN
AR, B TE] ASON R AL AR, 2 R AR Bl 8] (AR 44 ih
2,

¥ % 35 1) PEG-LIP. T7-LIP. TAT-LIP f1 T7-
TAT-LIP JEE T 4~8 CHEEH, 707 FHil& 124K
(B 0 R) Al 4% J5 58 30 JRIUREI E FE St FRLAR . HE
BLRIGr A, 5% 4~8 CHUEZ&MF T RE AR e v

bEnd.3 4B 3T WL IFHAR BRAAIIZEY  bEnd.3 4
HLAREFL 1x10° b T 6 FLIR N, 3 K, BLEEH
F, y BN Ni& & PEG-LIP. T7-LIP. TAT-LIP il T7-
TAT-LIP, FH%577 5% IR KA 0.3 pmol-mL .
£ 37 'C 5% CO, WAH i H 0.5, 1. 2 M 6 h J5, #
FE AR, AP PBS Mk 3 1K, 0.25% BREFH
Ak B BN A 2, 3000 rmin ' B0 5 min, #5EE
EW, FRK4IEA 0.5 mL PBS HEEJE, A4
A 00 27 6 55 FBC PR IR o A4S 1 2 01 R

C6 AT W IHAR B BIIREL  Co Al LLTg:
AL 1x10° M EFh T 6 FLIR P, 24 h )5, B RRERIE, 4)
F N\ i& & PEG-LIP.T7-LIP.TAT-LIP #1 T7-TAT-LIP,
FH B 97 3 R B g B FE A 0.3 pmol-mL ™' 7E 37 C.
5% CO, IEAHTFIEE 0.5, 1. 2 f1 6 h J&, DA F#RfES
BRIF “bEnd.3 4H M0 XS AR 54 R 1 L

&R
1 DSPE-PEG0-T7 F 2 %1 A8 B4 A0 4R AR BN A9 5201
TSI AR AR, AR X DSPE-
PEGag00-T7 I EREAT 1 0L o FHAZ R AR A LA 285 3
(F 5) W4, BE% DSPE-PEGa-T7 FHE NG N, HE
JFRAA RIRLAE 0 AT 38 ;. DSPE-PEGo000-T7 1 FH & iR
JRAA B LA TG SR 2 B . C6 4 X A [ IR 54k F
TAEE R (B 1) mI%, BE# DSPE-PEGy-T7 F &
fm, C6 X T7-LIP FELEUAHXT T C6 X} PEG-LIP 44X
A H e 1.02 f588 0 & 1.58 fi%, R W T7 BEE g
AR C6 41 ML) RURBE#E DSPE-PEGa000-T7 H
BN 0, C6 X T7-TAT-LIP f#EBUHEXT T C6 Xf
TAT-LIP $HCHIRE i 1.37 8 INE 1.64 1%, £
T7 A1 TAT (1 [F R B DSPE-PEGag0-T7 F &1
I . HF DSPE-PEG-T7 I & =8%Kt, A
JR AN 2 MEE ERitvE, ASFIT oA i il % . DAt
KR E DSPE-PEGa000-T7 HIFH &N 6%.

Table 5 Size and zeta-potential of liposomes with different
amount of DSPE-PEG0o-T7

Different amount Size /nm PDI Zeta /mv
0% 108.4 0.212 —6.78
2% 111.8 0.189 —4.68
4% 113.5 0.214 -5.31
6% 116.2 0.196 -6.31
8% 118.3 0.201 -5.73

£ PEG-LIP

23 2% T7(2000)-LIP

B3 4% T7(2000)-LIP

[ 6% T7(2000)-LIP

8% T7(2000)-LIP

1% TAT(2000)-LIP

B3 2% T7(2000)-1% TAT(2000)-LIP
B2 4% T7(2000)-1% TAT(2000)-LIP
KX 6% T7(2000)-1% TAT(2000)-LIP
B2 8% T7(2000)-1% TAT(2000)-LIP
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Figure 1 The uptake index of liposomes with different amount of
DSPE-PEGa000-T7 by C6 cells. n=3, x+s. Number represents
the ratio between two column, "P< 0.05, "P<0.01

2 DSPE-PEG-T7 F1 PEG $&1& X W& 1 BE R R RO 28
B BR A 52

T ANE PEG H5 KT i 53 A4 N\ B 4 5% 1 A ],
N T AR RRSCR, AREX DSPE-PEG-T7
o PEG (W8 K 2E 1T ik . % DSPE-PEG-T7 "' PEG
BER M 2000 A0 3500, FifEM 112.4 nm 30 E]
119.0 nm; DSPE-PEG-T7 * PEG % K XJ fig i A (1) H8
RETC R E W, (REFE-6mV /4. H C6 XA
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A R A AR A S (B 2) w4, €6 XF T7(3500)-
LIP FJ#%HU2& PEG-LIP [ 1.45 £i%, C6 X} T7(2000)-LIP
(2 PEG-LIP 1) 1.39 i, R H T7 HEAAE MK
R FUARTE Co i g - (425, PEG b 3500 [14E KA T
2000. X3 T7 A1 TAT XUEifi g Bk, C6 4Hiuxf T7
(3500)-TAT-LIP FJ#EZEU2& TAT-LIP [ 1.39 £, C6 4 i
X} T7(2000)-TAT-LIP 4% HU /2 TAT-LIP [ 1.55 fi%, &
] DSPE-PEG-T7 # PEG %K 2000 Frifill £ 1 XU&
TR AR AE C6 i i B UL T PEG 85K 3500,
e R E T7 BECAR NG BT RS 4 R R aF A I, L5
KITTRe /2 fE4E PEG #EK AN, PEG BEfk I TAT (1)
AR, BT LAA TR % # DSPE-PEG-T7 # PEG %
K 52000, B DSPE-PEG,g0-T7.7E MK 241N, T7
AT TAT F W 7] 280 R 5 4

1.39 %

4001 PEG-LIP

6% T7(2000)-LIP

B 6% T7(3500)-LIP

[ 1% TAT(2000)-LIP

6% T7(2000)-1% TAT(2000)-LIP
6% T7(3500)-1% TAT(2000)-LIP

Fluorescence intensity
S
<

Figure 2 The uptake index of liposomes with different PEG
length of DSPE-PEG-T7 by C6 cells. n=3, x+s. Number
represents the ratio between two column, "P<0.05

3 DSPE-PEG-TAT 1 PEG 543 W& 1 A5 R 7Y
4R BN A 220

DSPE-PEG-TAT " PEG [ K £ 52 1 g 53 R N
MR, T I AE AR, AR XS DSPE-
PEG-TAT ' PEG M85 K171k . fi%5 DSPE-PEG-
TAT 1 PEG % M\ 1000 341 £ 2000, A5 )5 14 1 k4%
M 113.5 nm 3503 115.7 nm; DSPE-PEG-TAT ' PEG
HEACRT i 5T A ) LA TG Y R . C6 4H X A [
RE R S Es S (K1 3) w0, C6 4%} T7-LIP [
T2 PEG-LIP [#] 1.39 £, C6 4HJfi%} T7(2000)-TAT
(2000)-LIP [#%HL /& TAT(2000)-LIP [ 1.55 fi%, C6
4l fL %t T7(2000)-TAT(1000)-LIP f3ZE 2 TAT(1000)-
LIP /] 1.68 f%, # W] DSPE-PEG-TAT ' PEG #£K A
1000 i, T7 F1 TAT ) # [F) 80CR 534 o ALk, >R FH DSPE-
PEG-TAT ' PEG # A 1000, Bl DSPE-PEG -
TAT.
4 DSPE-PEG 40)-TAT F3 & %t W& 11 B8 R 4 B0 £ A
REAI S

N SEIR AN, A URGEXT DSPE-

S
=3
(=4

B3 PEG-LIP

B 6% T7(2000)-LIP

B3 1% TAT(2000)-LIP

D 6% T7(2000)-1% TAT(2000)-LIP
N\ 1% TAT(1000)-LIP

6% T7(2000)-1% TAT(1000)-LIP
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Figure 3 The uptake index of liposomes with different PEG
length of DSPE-PEG-TAT by C6 cells. n=3, x+s. Number
represents the ratio between two column, P< 0.05, “P<0.01

PEGi0o-TAT I #E4T 1 it . DSPE-PEG;g-TAT
FARM 0.5% I E] 1% B, XU RE T A4 R4
113.5 nm FEMKE] 108.3 nm, XU 5 44 i B A2 A
—-6.91 mV ¥ n%|-3.59 mV, &R TAT 7 1F B
A Ko B Co A0 AR AR AR i B A 4 5 (KT 4) ]
H1, 24 DSPE-PEG -TAT I E N 1%, C6 i
Xt T7-TAT-LIP {452 TAT-LIP 1.68 f%; *4 DSPE-
PEG000-TAT ] F &5 0.5%H}, C6 4H fifd % T7-TAT-LIP
HIHRHUE TAT-LIP 1] 2.5 f%, 8 DSPE-PEG 09o-TAT
HIF &N 0.5% I, T7 A1 TAT H bR RO B 47 . R,
K F DSPE-PEG 00-TAT I &N 0.5%.

(3 PEG-LIP

B 6% T7(2000)-LIP

B 1% TAT(1000)-LIP

M 6% T7(2000)-1% TAT(1000)-LIP
0.5% TAT(1000)-LIP

6% T7(2000)-0.5% TAT(1000)-LIP

Fluorescence intensity

Figure 4 The uptake index of liposomes with different amount
of DSPE-PEGio0-TAT by C6 cells. n =3, x+s. Number
represents the ratio between two column, P< 0.05, *P<0.01

gr BTk, ARG 7 N 6% DSPE-
PEGi000-T7~ 0.5% DSPE-PEG 0o-TAT+ 3.5% DSPE-
PEGagoo~ 57% YN HE AT 33% AH [A] B o
5 WEIHBERAMAEES

F A g AR (KR A2 4E 100~120 nm (R 6, & 5),
Z JRAS 1 6F i AR A% T 2 35 e, i R AAORL AR 43
A5, W& . SR AR A AL 77 1) & 1R U i g o
RIS Z RN 2R ERTE, K228 110 nm.
6 WIEIHBERAMIRREM

L A7 AL E A 5 5% i R A R ek 11 A AR,
Tl i /7T PBS H, [RIULHE 42T W& i g i
{A7E PBS AR E M. &R FUARLE PBS 1, 37 C%
PEFCE 24 h (G AR R, [FIEPRARfR e 78
110 nm /£ 47; BRRARAE 4~8 C44F FilE 30 K, #+
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Table 6 Size and zeta potentials of different liposomes. n=3,

xXEs
Sample Size /nm PDI Zeta /mV
PEG-LIP 99.7£0.51 0.157 +£0.02 —6.69 + 1.03
T7-LIP 110.5 +1.02 0.170 +£ 0.04 —5.62 + 1.06
TAT-LIP 101 £0.92 0.187 £ 0.07 -5.02+1.6
T7-TAT-LIP 118 £0.76 0.204 +0.09 -6.32+2.0

AR ESE -6 mV A RiARIA AR EAE 110 nm
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