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Preparation of transferrin and RGD co-modified liposome and evaluation of its
tumor targeting effect
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[ Abstract | Objective To prepare transferrin and Arg-Gly-Asp (RGD) co-modified liposomes ( TF/
RGD-LP) and evaluate the targeting effect to ovarian cancer in wvitro and in vivo. Methods  The RGD
modified liposome ( RGD-LP) was prepared by film-ultrasonic method. Transferrin and RGD co-modified
liposomes ( TF/RGD-LP) and the transferrin modified liposomes ( TF-LP) were prepared by post-insertion
method. The appearance, particle size and Zeta potential of the liposome were evaluated. The cellular uptake of
these liposomes to ovarian cancer A2780 cells in vitro was determined. Then the tumor spheroids were prepared
and used to evaluate the penetration efficiency of the liposome. Transplanted tumor of A2780 cells was
established in nude mice, and fluorescence in vivo imaging was used to evaluate the targeting efficiency of the
liposome in 12 h after injected through tail vein. Results  The particle diameter of the co-modified liposome
TF/RGD-LP was 95.5 £8.7 nm with the Zeta potential of 3.05 £1.25 mV. The cell uptake of TF/RGD-LP
were 2.9, 2.7 and 5.7 times higher than that of RGD-LP, TF-LP and LP respectively (P <0.01). The
evaluation of tumor spheroid penetration and in vivo imaging showed TF/RGD-LP had sound tumor targeting
effect and penetration. Conclusion  TF/RGD-LP might serve as a promising ovarian carcinoma delivery
system of antitumor drugs.
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WL A R RN, A w BRI . ABR5E AR
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1.1 MH5E

KEWEAE (SPC, i K25 A FRA R ) ; DSPE-PEG2000 ,
% F} B 4% 0 W% 15 . DSPE-PEG2000-MAL ( 2 [ Avanti polar
lipids) , DMEM &8s 77 55 ( 36 [E GIBCO A /] ) s ki 1 (3%
Sigma A H]) , i 4 IL3E (SEE GIBCO 24 H)) , AU O 59 2
Jf1(A2780, FifFLHIMIAFFEI) o SizerNano ZS90 TG Y K
Zeta WL 57 43 7 AL ((2& Malvern instruments Ltd); IVIS ®
Spectrum system ( Caliper, Hopkington, MA)
1.2 7%
1.2.1 RGD-PEG2000-DSPE [) & i% B — 2 R A AL
DSPE-PEG2000-MAL FHid fE G050 T HiE M b, ek 28 K bR 2
VRIS, B2 TR . IMAGE = PBS ZZ il (pH =7.4) 7k
A 1 h(37 °C,200 r/min) ,/KIEHER 5 min #1409 DSPE-
PEG2000-MAL B . WA R Z L 1.5 519 cRGDIK £
JRVS FiE E PBS 2 bl b, A 3R VR, N, R PR 4 C
PiHE SN H % TLC #2638 (JEIF51] MeOH: DCM =1:10) %3¢
DSPE-PEG-MAL 53 AR 2%, Sephadex-G50 % ¢ €4 3% H: 70 55
DSPE-PEG2000-MAL F3% 2 RGD (VLW A pH = 7. 4 [ PBS
G2 0P ) , YK 5 DSPE-PEG-RGD JiE iU (UV 254 nm) ¥ 15 7R
T BRK AR S 1L B B 25 e LR, R #4E 2 IR75 DSPE-
PEG2000-RGD" %1
1.2.2 38 A F1 RGD (&M fig i 4 ( TF/RGD-LP) fiy i &

K5 B FREL SPC 15. 12 mg, fH [ 1. 35 mg, DSPE-PEG2000-
OMe 1.25 mg, RGD-PEG2000-DSPE 0. 35 mg, ¥ Lk I 44 #} F1 25
Wi TR T AT A 0 e 28 08 U B A LR, BT
s TRl i, 78 43 T4, A 2 mL PBS 7Kk, #8%3k
(80 W,10 5,10 5,5 ¥ ) 753 RGD &4 fig BFif& (RGD-LP) ,
SISOk 7 - 8 ] R UGl Akl % TF/RGD-LP F¥% 2k 8 (115
Wilg Bk (TF-LP) o B Se e m A sk, i S i
DSPE-PEG2000-MAL §i% & 153 B8 AU IR R/ A T 4
il &1 RGD-LP sk 355 5 {445 % TF/RGD-LP = TF-LP,
1.2.3 TF/RGD-LP [aiffiag Pt Bidr A2780 400, IFHEFD
T 96 FLAR Y, 5557 24 h S5 A TSR U85 M s BRI VR, F L
WFA 37 C 5% CO, At 3% 24 h #0148 h 5 HUCL, &AL
A 20 pL 5 mg/mL MTT % , P 947 th 4k 8207 55 4 b B FL
i B AR Y, AR FLIIA 200 wL DMSO,37 C G HRE 15 min,
FARBGEHRAE 490 nm A0 5E 25 FL 1Y 68 (R
1.2.4  A2780 Z0fi% TF/RGD-LP (5 E  ERIEUE KM
AUMILL 5 x 10°/FL IR BEBE RN T 24 fLARH 37 CREFE 24 h ),
FALINAGE & LP RGD-LP TF-LP 1 TF/RGD-LP {# f ¥ % S}

W1 0. 15 nmol/mL,37 CAr5IMEE2 h 4 h 5L &R
TR ER SR AL ¥ PBS 3 UE 2 W, B FLAINA 1% Triton, 24 411,
AL RE 30 min, I G EREETFIN B ZEOBME ., N T @t
B M i A P 0 3B, 4 i o 5 440 M S [R] 7 4 b S B
JfLF PBS ¥k 3 I, A 2 pg/mL DAPI 0, @M% & 30 min,
Tk PBS EE0E 3 ¥k, N 4% Z P EEREE 15 min, FFEZRH
[, VK PBS {847, B HOGIER A BAUST WAL AN M B

o T2 BWFSENEES TF F1 RGD %t TE/RGD-LP g A2780 41
JAT U R 45 X RO K B A0 L S % 10° /5L 1) %5 J3E 2 Fif
T 24 LR ,37 CHEFE 24 h 5, 435 60 pumol (94542 285 1
() RGD,IFHF 1 h J5, N AL & LP Al TE/RGD-LP i,
B PR 0. 15 nmol/mL,37 C A3 HIIFH 4 h J5BR 2 & g i
WRREFRIE ¥ PBS JEVE 2 WK, FFLINMA 1% Triton, Z# 411 , 155
AR 30 min, FZEAAT HEFEE TN E T SEAE
1.2.5 TF/RGD-LP [ iR Bk 27 3% g TR BRI
A2780 BPHLEANAG, F 0. 125% BERG TS 1L /5 , FH 45 MLV i RE 7% 3k
ORI , FER AT FORE B, 3 8 R IVE IR, UTVE (A0
FARE SR TR E 5 x 107/ mL Ji5 12 R T AR s B i B 9 4k 31
) 96 LR, F 37 °C 5% CO, MFfE % 3%., MRERAER 7 d
Ja 4 AmA % FFHARIE Y LP RGD-LP TF-LP #1 TF/RGD-LP,
T 2k R B B P B AR D B9 B IR A A B O 20 nmol/mL,
37 C & 4 h 5 K4 PBS(pH =7.4) B0k 3 Ik, 4% £
R E 15 min, 57 R 2R, H PBS 4 CIAf7, BEEDL
LR A WA LS i DR 1) ek B 237 e
1.2.6 TF/RGD-LP ({537 A2780 B LI 41 i £ B ity
AL, B0 5 FL B 17 T DMEM 55323 b, vHB00R 1 e i 2
5x107/mL, B4 FOMEVERE BUT 0.4 o/kg 7K A Sl BRI, 5 1
FUFHY A2780 MARE MR K R EF TR R AL B RS 1,
AR 0.1 mL AN B R . R 1 ~2 BT WA A
K 100 ~200 mm?® g Bk, SERARERR3N .

2 1. 2.1 JiEHI & HORLLAMO YR DIR (A [E AR A,
ffEBR BT DIR L0 20 pg/mL farJgs R BRURE 0 DK R 5

BREAR 0.1 mL,12 h )5, $ /N RUH 10% KA SRR, T2¢6

TERBR R G N WEFFHI I (Ex =630 nm, Em =700 nm) ,
1.3 %it o

SEERHELL & =5 FRon , R SPSS 21. 0 e it k47 5iHi
Ay, 2 A LA A ST REAS « K36, 22 40 R) BL A 2555 #0T

2 HR

2.1 JRBAREG RAE

I £ 45 2% TF/RGD-LP R By /R SCHOE R BE S s B2
Fl Zeta A7, AT GE 3 IR, 455 (F2 1) R TF/RGD-LP 11y
Fif2 4 (95.5 8. 7) nm, 248 Z 0K 0. 170 £0. 080, Zeta
HL7 A7 (3.05 £1.25)mV,

F1 TRBERENHESEA(1=3,2x5)

gt Fif% (nm) EZIES HLfE (mV)
LP 98.8 6.4 0.120 0. 050 4.52 £2.56
RGD-LP 112.9£9.4 0.150 +0.030 -2.52+3.16
TF-LP 105.5 +8.2 0.160 =0.070 1.82+2.13
TF/RGD-LP 95.5+8.7 0.170 0. 080 3.05+1.25
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A:LP;B.TF-LP;C:RGD-LP; D TF/RGD-LP
5 FRBERE A2780 MyERHZFEMER (F )
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a a
80t
a
pl |
1 2 3 4 5
bl

1:LP;2:TF/RGD-LP;3:TF/RGD-LP +60 pmol TF;4 . TF/RGD-LP +
60 pwmol RGD;5: TF/RGD-LP + 60 pmol RGD + 60 pmol TF;a: P <
0.01,%5 TF/RGD-LP 4t

E 4 B TF 71 RGD 3¢ TF/RGD-LP §)3E S5l

2.4 TF/RGD-LP #4038 F & 4k A

Ji IR ER 2 S e 45 AN S B s, LP 4 40 8 9% % R AE i
JEBRF D HE53 A0, RGD-LP 20 Fi TF-LP 20 Jifdgg 5k b 2 1 B 21
AR T 4 5], W F LP 41, TF/RGD-LP 4 %% 5% i 2% 38 F
RGD-LP 401 TF-LP 2l . Ui H] RGD Fl%% 4k 25 F I8 i i i i
Ji REAE & AR IR FHAE 28 B SR 1A TR 3k N 3
2.5 TF/RGD-LP #94k A A

a8 AR BRI A 5 T2 B 25 SR AN 8] 6 i, TF/RGD-LP 41 1)
TR AR BRI 4 42T (5 9 fe ik, LYk & RGD-LP 41 Fl TF-LP
41, ULBIZ IS TF 1 RGD SL& i )5 , B T Mg A B4 ik g #08 1)
(VAR

A:LP;B.RGD-LP;C.TF-LP; D TF/RGD-LP
6 # DIR KR EIZERL MBS R /N R B 3 16

3 it

FHAR A bR 48 1) 25 A% 188 R AT BAE 2 B 2
2 I W 25 D U SR AE IR L 2, i LA T B 2 = AL
A% 32 ) Beb g L P, DT 36 7 A P e R AR -0 2D
BT 250 BT o IR 2 2PN S ol T I R ) R
BETE AR e REVE 22 b T BT K T A K SR 7R
S HAT SR e A 375 P R B P, S B R AR A i
JeA ZHL 2R v 3 355 R F S B 2800 (enhanced permeability
and retention effect) , fij FR EPR s~ HF5E L4
TESE , B 1 S AR TN RS 5 3K 52 AR TE 22 I Jed 4 i 4
IR KRR R, SR A AR A R
SR T IR ) 25 24 2R 5t 3 2l ) 45 24 1Y) A
Mo AWFOR L B L R G 2 2 KR R 2 Ik RGD
R NR B F 0, A T m RO R T AR B

ABEFELE R B, A5 15 3 1 1E BT i kLA
95 nm Zify . A BFGEAESE, 9K A 0 R AR S AR
10 ~ 150 nm FEAE A R5RETT AR N B2 28 56 19 A W, 385
EPR 20 AR o eI 1, S
AR BTARAR L, &80 RGD 55 TF i # e i 1
543 B SEL A 200 XS iR S A ) 5 B, JHG v oo A A i I A
(FR IR 8 2 3 T RGD g TF U & i 11 g ot
A X BB 38 4% T UMEE T SR R A, 7R
SES AR LR, T R B AR IR
JE 77 HLM A b, R 45 24 22 e AR MEE A i 83 4 2L
FRH S ASHFSTA R T RN R ERAR TR A A
YRS RGD AR B4 m) I sk 2B RE ) , 45
R BRG IR E AR RGD SHE 1 (1) I8 K BES A
WO IR ER , BRI A . AT T
R BB SRR S 07 e A AR 3 o 3T 21 A0 AR S G P 4%
SR B RN A, S RS IR SMIFFE 45 R — 2L
YRS RGD B i g 57 147 167 968 BR B g A o2
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