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Development of Non-viral Vector for Cancer Gene Therapy
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Cancer gene therapy has been intensively developed using non-viral vectors, among which cationic liposomes and
nanoparticles are the most investigated. Optimal gene therapy for tumors must deliver plasmid DNA (pDNA) or syn-
thetic small interfering RNA (siRNA) to tumor cells with high efficiency and minimal toxicity. We developed new
cationic nanoparticles (NP) composed of cholesteryl-3f-carboxyamidoethylene-N-hydroxyethylamine (OH-Chol) and
Tween 80, and evaluated the transfection efficiencies of pDNA and siRNA into human prostate tumor PC-3 xenografts.
NP showed effective transfection of pDNA and siRNA when directly injected into the xenografts. For targeted delivery
to tumors, vitamin folic acid has been utilized for folate receptor (FR)-mediated drug delivery since FR is frequently
overexpressed on many types of human tumors. We developed folate-linked nanoparticles (NP-F) composed of OH-
Chol, Tween 80 and folate-poly (ethylene glycol) -distearoylphosphatidylethanolamine conjugate. Tumor growth of FR-
positive human nasopharyngeal tumor KB xenografts was significantly inhibited when a complex of NP-F and a ther-

apeutic gene was intratumorally injected. These findings suggested that cationic cholesterol-based nanoparticles are
potential non-viral pPDNA and siRNA vectors for local tumor treatment.
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Fig. 1. Structure of Cationic Derivatives of Cholesterol
OH-Chol; cholesteryl-3f-carboxyamidoethylene-N-hydroxyethylamine,
DC-Chol; 3 ([N- (N, N'-dimethylaminoethane) -carbamoyl] cholesterol.
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Fig. 2. Effect of Charge Ratio (+/—) in Forming Nanoplex of pCMV-luc on Transfection in PC-3 cells (A) and Tumor Xenografts

(B)

(A) The luciferase assay was carried out 24 h after incubation of the nanoplexes. (B) PC-3 tumor xenografts were directly injected with nanoplex formed with
10 ug pDNA; in vivo jetPEI according to the manufacturer’s instructions. Twenty-four hours after i.t. injections, mice were imaged by an NightOWL LB981
NC100 system (Berthold Technologies, Bad Wildbad, Germany) and bioluminescence was quantified. Each column represents the mean+S.D. (n=3). Statistical

significance was evaluated by Student’s 7 test. *p<(0.05.
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Fig. 3. Effect of Charge Ratio (+/—) in Forming Nanoplex of siRNA on Transfection in Luciferase Stably Expressing PC-3 Cells
(A) and Luciferase Stably Expressing HT-29 Tumor Xenografts (B)
(A) The luciferase assay was carried out 48 h after incubation of the nanoplexes. (B) HT-29 tumor xenografts were directly injected with nanoplex formed with
10 ug siRNA. Seventy-two hours after i.t. injections, mice were imaged by an NightOWL LB981 NC100 system and bioluminescence was quantified. Each column
represents the mean+S.D. (n=3). N.D., not done. Statistical significance was evaluated by Student’s 7 test. *p<{0.05, **p<{0.01.
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IZ NP-P % i\ C HER-2 siRNA % JEEN# 5 L /-
LZA, a>bhO—)LsiRNA#BERHEHEBELAER
BPEERIIER I N o= [Fig. 6(A) ],
NP-F % HI\\ T HER-2 siRNA ZJEE N5 L 725
&3, > hO—)L siRNA 58 & s U EER
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Fig. 4. Schematic Structure of Folate-linked Nanoparticles (NP-F) Composed of Folate-PEG,y-Phosphatidylethanolamine

(DSPE), OH-Chol and Tween 80
150
NP
120 1 Autofluorescence
E 90 1 Nanoplex + Folic acid
s A/ Nanoplex
= 60 1 v 3
= : &
3
30 ]
0
100 10! 102
Fluorescence intensity (FITC-DNA)
Fig. 5.

of Free Folic Acid

B

150

NP-F

120 7 Autofluorescence
= Nanoplex + Folic acid
5} o
2 90
=
=
= 60 1 Nanoplex
o) ;
Q d

30 3

0 .
100 10! 102

Fluorescence intensity (FITC-DNA)

Association of FITC-labeled NP (A) or NP-F (B) Nanoplex with KB Cells 3 h after Transfection in the Absence or Presence

The association was determined based on FITC-fluorescence by flow cytometry. Flow cytometry of cells exposed to the nanoplex (continuous line) . Dotted line,

plus 1 mm folic acid; Bold line, autofluorescence of the cells.
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In Vivo Gene Therapy of KB Tumor Xenografts with HER-2 siRNA in Mice

Mice were divided into two groups: group I, control siRNA (10 ug) as a control; group II, HER-2 siRNA (10 ug) . NP-P (A) or NP-F nanoplexes (B) of siR-
NAs were injected directly into the tumor three times (day 0, 2 and 4) . The results indicate the mean+S.E. (n=4-6). *p<{0.05 and **p<(0.01, compared with con-

trol siRNA by Student’s -test.
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(NP-F) bBF L. 2L T, ZhogEr kT
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MABIETIEED D WIETIDS K & OO FEEET
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NG FTREZR D A TR AN E -/ ki DR
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