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ENCAPSULATION OF PLASMID DNA 
(LIPOGENES[00D6]) AND THERAPEUTIC 
AGENTS WITH NUCLEAR LOCALIZATION 
SIGNAL/FUSOGENIC PEPTIDE CONJUGATES 
INTO TARGETED LIPOSOME COMPLEXES 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims priority under 35 U.S.C. 
§119(e) to US. Provisional Application Serial No. 60/210, 
925 ?led Jun. 9, 2000. The contents of this application is 
hereby incorporated by reference into the present disclosure. 

FIELD OF THE INVENTION 

[0002] The present invention relates to the ?eld of gene 
therapy and is speci?cally directed toWard methods for 
producing peptide-lipid-polynucleotide compleXes suitable 
for delivery of polynucleotides to a subject. The peptide 
lipid-polynucleotide complexes so produced are useful in a 
subject for inhibiting the progression of neoplastic disease. 

BACKGROUND OF THE INVENTION 

[0003] Throughout this application various publications, 
patents and published patent speci?cations are referenced by 
author and date or by an identifying patent number. Full 
bibliographical citations for the publications are provided 
immediately preceding the claims. The disclosures of these 
publications, patents and published patent speci?cations are 
hereby incorporated by reference into the present disclosure 
to more fully describe the state of the art to Which this 
invention pertains. 

[0004] Gene therapy is a neWly emerging ?eld of biomedi 
cal research that holds great promise for the treatment of 
both acute and chronic diseases and has the potential to bring 
a revolutionary era to molecular medicine. HoWever, despite 
numerous preclinical and clinical studies, routine use of 
gene therapy for the treatment of human disease has not yet 
been perfected. It remains an important unmet need of gene 
therapy to create gene delivery systems that effectively 
target speci?c cells of interest in a subject While controlling 
harmful side effects. 

[0005] Gene therapy is aimed at introducing therapeuti 
cally important genes into somatic cells of patients. Diseases 
already shoWn to be amenable to therapy With gene transfer 
in clinical trials include, cancer (melanoma, breast, lym 
phoma, head and neck, ovarian, colon, prostate, brain, 
chronic myelogenous leukemia, non-small cell lung, lung 
adenocarcinoma, colorectal, neuroblastoma, glioma, glio 
blastoma, astrocytoma, and others), AIDS, cystic ?brosis, 
adenosine deaminase de?ciency, cardiovascular diseases 
(restenosis, familial hypercholesterolemia, peripheral artery 
disease), Gaucher disease, ot1-antitrypsin de?ciency, rheu 
matoid arthritis and others. Human diseases eXpected to be 
the object of clinical trials include hemophilia A and B, 
Parkinson’s disease, ocular diseases, Xeroderma pigmento 
sum, high blood pressure, obesity. ADA de?ciency Was the 
disease successfully treated by the ?rst human “gene trans 
fer” experiment conducted by Kenneth Culver in 1990. See, 
Culver, K. W. (1996) in: Gene Therapy: A Primer for 
Physicians, Second Ed., Mary Ann Liebert, Inc. Publ, NeW 
York, pp. 1-198. 
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[0006] The primary goals of gene therapy are to repair or 
replace mutated genes, regulate gene eXpression and signal 
transduction, manipulate the immune system, or target 
malignant and other cells for destruction. See, Anderson, W. 
F. (1992) Science 256:808-813; Lasic, D. (1997) in: Lipo 
somes in Gene Delivery, CRC Press, pp. 1-295; Boulikas, T. 
(1998) Gene Then Mol. Biol. 1:1-172; Martin, F. and Bou 
likas, T. (1998) Gene Then Mol. Biol. 11173-214; Ross, G. 
et al. (1996) Hum. Gene Ther. 711781-1790. 

[0007] Human cancer presents a particular disease condi 
tion for Which effective gene therapy methods Would pro 
vide a particularly useful clinical bene?t. Gene therapy 
concepts for treatment of such diseases include stimulation 
of immune responses as Well as manipulation of a variety of 
alternative cellular functions that affect the malignant phe 
notype. Although many human tumors are non or Weakly 
immunogenic, the immune system can be reinforced and 
instructed to eliminate cancer cells after transduction of a 
patient’s cells eX vivo With the cytokine genes GM-CSF, 
IL-12, IL-2, IL-4, IL-7, IFN-y, and TNF-ot, folloWed by cell 
vaccination of the patient (e.g. intradermally) to potentiate 
T-lymphocyte-mediated antitumor effects (cancer immuno 
therapy). DNA vaccination With genes encoding tumor 
antigens and immunotherapy With synthetic tumor peptide 
vaccines are further developments that are currently being 
tested. The genes used for cancer gene therapy in human 
clinical trials include a number of tumor suppressor genes 

(p53, RB, BRCA1, E1A), antisense oncogenes (antisense 
c-fos, c-myc, K-ras), and suicide genes (HSV-tk, in combi 
nation With ganciclovir, cytosine deaminase in combination 
With S-?uorocytosine). Other important genes that have 
been proposed for cancer gene therapy include bcl-2, MDR 
1, p21, p16, baX, bcl-Xs, E2F, IGF-I, VEGF, angiostatin, 
CFTR, LDL-R, TGF-B, and leptin. One major hurdle pre 
venting successful implementation of these gene therapies is 
the dif?culty of ef?ciently delivering an effective dose of 
polynucleotides to the site of the tumor. Thus, gene delivery 
systems With enhanced transfection capabilities Would be 
highly advantageous. 

[0008] Anumber of different vector technologies and gene 
delivery methods have been proposed and tested for deliv 
ering genes in vivo, including viral vectors and various 
nucleic acid encapsulation techniques. Alternative viral 
delivery vehicles for genes include murine retroviruses, 
recombinant adenoviral vectors, adeno-associated virus, 
HSV, EBV, HIV vectors, and baculovirus. Nonviral gene 
delivery methods use cationic or neutral liposomes, direct 
injection of plasmid DNA, and polymers. Various strategies 
to enhance ef?ciency of gene transfer have been tested such 
as fusogenic peptides in combination With liposomes or 
polymers to enhance the release of plasmid DNA from 
endosomes. 

[0009] Each of the various gene delivery techniques has 
been found to possess different strengths and Weaknesses. 
Recombinant retroviruses stably integrate into the chromo 
some but require host DNA synthesis to insert. Adenoviruses 
can infect non-dividing cells but cause immune reactions 
leading to the elimination of therapeutically transduced 
cells. Adeno-associated virus (AAV) is not pathogenic and 
does not elicit immune responses but neW production strat 
egies are required to obtain high AAV titers for preclinical 
and clinical studies. Wild-type AAVs integrate into chromo 
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some 19, Whereas recombinant AAVs are deprived of site 
speci?c integration and may also persist episomally. 

[0010] Herpes Simplex Virus (HSV) vectors can infect 
non-replicating cells, such as neuronal cells, and has a high 
payload capacity for foreign DNA but in?ict cytotoxic 
effects. It seems that each delivery system Will be developed 
independently of the others and that each Will demonstrate 
strengths and Weaknesses for certain applications. At 
present, retroviruses are most commonly used in human 
clinical trials, folloWed by adenoviruses, cationic liposomes 
and AAV. 

[0011] As the challenges of perfecting gene therapy tech 
niques have become apparent, a variety of additional deliv 
ery systems have been proposed to circumvent the difficul 
ties observed With standard technologies. For example, 
cell-based gene delivery using polymer-encapsulated syn 
geneic or allogeneic cells implanted into a tissue of a patient 
can be used to secrete therapeutic proteins. This method is 
being tested in trials for amyotrophic lateral sclerosis using 
the ciliary neurotrophic factor gene, and may be extended to 
Factor VIII and IX for hemophilia, interleukin genes, 
dopamine-secreting cells to treat Parkinson’s disease, nerve 
groWth factor for AlZheimer’s disease and other diseases. 
Other techniques under development include, vectors With 
the Cre-LoxP recombinase system to rid transfected cells of 
undesirable viral DNA sequences, use of tissue-speci?c 
promoters to express a gene in a particular cell type, or use 
of ligands recogniZing cell surface molecules to direct gene 
vehicles to a particular cell type. 

[0012] Additional methods that have been proposed for 
improving the ef?cacy of gene therapy technologies include 
designing p53 “gene bombs” that explode into tumor cells, 
exploiting the HIV-1 virus to engineer vectors for gene 
transfer, combining viruses With polymers or cationic lipids 
to improve gene transfer, the attachment of nuclear local 
iZation signal peptides to oligonucleotides to direct genes to 
nuclei, and the development of molecular sWitch systems 
alloWing genes to be turned on or off at Will. Nevertheless, 
because of the Wide range of disease conditions for Which 
gene therapies are required, and the complexities of devel 
oping treatments for such diseases, there remains a need for 
improved techniques for performing gene therapy. The 
present invention provides methods and compositions for 
addressing these issues. 

DISCLOSURE OF THE INVENTION 

[0013] A method is disclosed for encapsulating DNA and 
negatively charged drugs into liposomes having a different 
lipid composition betWeen their inner and outer membrane 
bilayers. The liposomes are able to reach primary tumors 
and their metastases after intravenous injection to animals 
and humans. The method includes micelle formation 
betWeen DNA With a mixture of cationic lipid and peptide 
molecules at molar ratios to nearly neutraliZation ratios in 
10-90% ethanol; the cationic peptides specify nuclear local 
iZation and have a hydrophobic moiety endoWed With mem 
brane fusion to improve entrance across the cell membrane 
of the complex. These peptides insert With their cationic 
portion directed toWard condensed DNA and their hydro 
phobic chain buried together With the hydrophobic chains of 
the lipids in the micelle membrane monolayer. The DNA/ 
lipid/peptide micelles are converted into liposomes by mix 

Apr. 17, 2003 

ing With pre-made liposomes or lipids folloWed by dilution 
in aqueous solutions and dialysis to remove the ethanol and 
alloW liposome formation and extrusion through membranes 
to a diameter beloW 160 nm entrapping and encapsulating 
DNA With a very high yield. The encapsulated DNA has a 
high therapeutic ef?cacy in eradicating a variety of solid 
human tumors including, but not limited to, breast carci 
noma and prostate carcinoma. Aplasmid is constructed With 
DNA carrying anticancer genes including, but not limited to 
p53, RB, BRCA1, E1A, bcl-2, MDR-l, p21, p16, bax, 
bcl-xs, E2F, IGF-I VEGF, angiostatin, oncostatin, endosta 
tin, GM-CSF, IL-12, IL-2, IL-4, IL-7, IFN-y, TNF-ot, HSV 
tk (in combination With ganciclovir), E. coli cytosine deami 
nase (in combination With S-?uorocytosine) and is combined 
With encapsulated cisplatin or With other similarly systemi 
cally delivered antineoplastic drugs to suppress cancer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] FIG. 1 illustrates the structure of the cancer tar 
geted liposome complex. 

[0015] FIG. 2 illustrates the results of plasmid DNA 
condensation With various agents as Well as various formu 
lation of cationic liposomes in affecting the level of expres 
sion of the reporter beta-galactosidase gene after transfec 
tion of K562 human erythroleukemia cell cultures. 

[0016] FIG. 3 illustrates tumor targeting in SCID mice. 
FIG. 3A shoWs a SCID mouse With a large and small human 
breast tumor before and after staining With X-Gal to test the 
expression of the transferred gene. Both tumors turn dark 
blue. The intensity of the blue color is proportional to the 
expression of the beta-galactosidase gene. 

[0017] FIG. 3B shoWs that in the initial staining of the 
small tumor, the skin and the intestines at the injection area 
are the ?rst organs to turn blue. FIG. 3C is a vieW of the 
back of the animal. The tWo tumors are clearly visible after 
removal of the skin (top). Dark staining of the small tumor 
and light blue staining of the large tumor is evident at an 
initial stage of staining (bottom). FIG. 3D is a vieW of the 
front side of the animal. The tWo tumors are clearly visible 
after removal of the skin. On the ?gure to the bottom the 
dark staining of both tumors is evident at a later stage during 
staining. 

[0018] FIG. 3E shoWs the front (top) and rear (bottom) 
higher magni?cation vieW of the dark staining of both 
tumors at a later stage during staining. Staining of the 
vascular system around the small tumor can also be seen 

(bottom). 

BRIEF DESCRIPTION OF THE TABLES 

[0019] Table 1 is a list of molecules able to form micelles. 

[0020] Table 2 lists several fusogenic peptides and 
describes their properties, along With a reference. 

[0021] Table 3 lists simple Nuclear LocaliZation Signal 
(NLS) peptides. 

[0022] Table 4 shoWs a list of “bipartite” or “split” NLS 
peptides. 

[0023] Table 5 lists “nonpositive NLS” peptides lacking 
clusters of arginines/lysines. 
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[0024] Table 6 lists peptides With nucleolar localization 
signals (NoLS). 
[0025] Table 7 lists peptides having karyophilic clusters 
on non-membrane protein kinases. 

[0026] Table 8 lists peptide nuclear localization signals on 
DNA repair proteins. 

[0027] Table 9 lists NLS peptides in transcription factors. 

[0028] Table 10 lists NLS peptides in other nuclear pro 
teins. 

Modes for Carrying out the Invention 

[0029] De?nitions 

[0030] The practice of the present invention Will employ, 
unless otherWise indicated, conventional techniques of 
immunology, molecular biology, microbiology, cell biology 
and recombinant DNA. These methods are described in the 
folloWing publications. See, e.g., Sambrook, et al. 
MOLECULAR CLONING: A LABORATORY MANUAL, 
2 d Edition (1989); CURRENT PROTOCOLS IN 
MOLECULAR BIOLOGY, F. M. Ausubel, et al. eds., 
(1987); the series METHODS IN ENZYMOLOGY (Aca 
demic Press, Inc.); PCR: A PRACTICAL APPROACH, M. 
MacPherson, et al., IRL Press at Oxford University Press 
(1991); PCR 2: A PRACTICAL APPROACH, MacPherson 
et al., eds. (1995); ANTIBODIES, A LABORATORY 
MANUAL, HarloW and Lane, eds. (1988); and ANIMAL 
CELL CULTURE, R. I. Freshney, ed. (1987). 

[0031] As used in the speci?cation and claims, the singu 
lar form “a,”“an” and “the” include plural references unless 
the context clearly dictates otherWise. For example, the term 
“a cell” includes a plurality of cells, including mixtures 
thereof. 

[0032] The term “comprising” is intended to mean that the 
compositions and methods include the recited elements, but 
not excluding others. “Consisting essentially of” When used 
to de?ne compositions and methods, shall mean excluding 
other elements of any essential signi?cance to the combi 
nation. Thus, a composition consisting essentially of the 
elements as de?ned herein Would not exclude trace contami 
nants from the isolation and puri?cation method and phar 
maceutically acceptable carriers, such as phosphate buffered 
saline, preservatives, and the like. “Consisting of” shall 
mean excluding more than trace elements of other ingredi 
ents and substantial method steps for administering the 
compositions of this invention. Embodiments de?ned by 
each of these transition terms are Within the scope of this 
invention. 

[0033] The terms “polynucleotide” and “nucleic acid mol 
ecule” are used interchangeably to refer to polymeric forms 
of nucleotides of any length. The polynucleotides may 
contain deoxyribonucleotides, ribonucleotides, and/or their 
analogs. Nucleotides may have any three-dimensional struc 
ture, and may perform any function, knoWn or unknoWn. 
The term “polynucleotide” includes, for example, single-, 
double-stranded and triple helical molecules, a gene or gene 
fragment, exons, introns, mRNA, tRNA, rRNA, riboZymes, 
cDNA, recombinant polynucleotides, branched polynucle 
otides, plasmids, vectors, isolated DNA of any sequence, 
isolated RNA of any sequence, nucleic acid probes, and 
primers. A nucleic acid molecule may also comprise modi 
?ed nucleic acid molecules. 
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[0034] A “gene” refers to a polynucleotide containing at 
least one open reading frame that is capable of encoding a 
particular polypeptide or protein after being transcribed and 
translated. 

[0035] A “gene product” refers to the amino acid (e.g., 
peptide or polypeptide) generated When a gene is transcribed 
and translated. 

[0036] The folloWing abbreviations are used herein: 
DDAB: dimethyldioctadecyl ammonium bromide (same as 
N,N-distearyl-N,N-dimethylammonium bromide); 
DODAC: N,N-dioleyl-N,N-dimethylammonium chloride; 
DODAP: 1,2-dioleoyl-3-dimethylammonium propane; 
DMRIE: N-[1-(2,3-dimyristyloxy)propyl]-N,N-dimethyl 
N-(2-hydroxyethyl) ammonium bromide; DMTAP: 1,2 
dimyristoyl-3-trimethylammonium propane; DOGS: Dio 
ctadecylamidoglycylspermine; DOTAP (same as DOTMA): 
N-(1-(2,3-dioleoyloxy)propyl)-N,N,N-trimethylammonium 
chloride; DOSPA: N-(1-(2,3-dioleyloxy)propyl)-N-(2-(sper 
minecarboxamido)ethyl)-N,N-dimethyl ammonium tri?uo 
roacetate; DPTAP: 1,2- dipalmitoyl-3-trimethylammonium 
propane; DSTAP: 1 ,2-disteroyl-3-trimethylammonium pro 
pane; DOPE, 1,2-sn-dioleoylphoshatidylethanolamine; DC 
Chol, 3B-(N—(N‘,N‘-dimethylaminoethane)carbamoyl 
)cholesterol. See, Gao et al., Biochem. Biophys. Res. Comm. 
179:280-285 (1991). 

[0037] As used herein, the term “pharmaceutically accept 
able anion” refers to anions of organic and inorganic acids 
that provide non-toxic salts in pharmaceutical preparations. 
Examples of such anions include the halides anions, chlo 
ride, bromide, and iodide, inorganic anions such as sulfate, 
phosphate, and nitrate, and organic anions. Organic anions 
may be derived from simple organic acids, such as acetic 
acid, propionic acid, glycolic acid, pyruvic acid, oxalic acid, 
malic acid, malonic acid, succinic acid, maleic, acid, fumaric 
acid, tartaric acid, citric acid, benZoic acid, cinnamic acid, 
mandelic acid, methane sulfonic acid, ethane sulfonic acid, 
p-toluenesulfonic acid, and the like. The preparation of 
pharmaceutically acceptable salts is described in Berge, et 
al., J. Pharm. Sci. 66:1-19 (1977), incorporated herein by 
reference. 

[0038] Physiologically acceptable carriers, excipients or 
stabiliZers are nontoxic to recipients at the dosages and 
concentrations employed, and include buffers such as phos 
phate, citrate, and other organic acids; antioxidants includ 
ing ascorbic acid; loW molecular Weight (less than about 10 
residues) polypeptides; proteins, such as serum albumin, 
gelatin, or immunoglobulins; hydrophilic polymers such as 
polyvinylpyrrolidone; amino acids such as glycine, 
glutamine, asparagine, arginine or lysine; monosaccharides, 
disaccharides, and other carbohydrates including glucose, 
mannose, or dextrins; chelating agents such as EDTA: sugar 
alcohols such as mannitol or sorbitol; salt-forming counter 
ions such as sodium; and/or nonionic surfactants such as 
TWeen, Pluronics or polyethylene glycol (PEG). PEG mol 
ecules also contain a fusogenic peptide With an attached 
Nuclear LocaliZation Signal (NLS) covalently linked to the 
end of the PEG molecule. 

[0039] The term “cationic lipid” refers to any of a number 
of lipid species that carry a net positive charge at physi 
ological pH. Such lipids include, but are not limited to, 
DDAB, DMRIE, DODAC, DOGS, DOTAP, DOSPA and 
DC-Chol. Additionally, a number of commercial prepara 



US 2003/0072794 A1 

tions of cationic lipids are available that can be used in the 
present invention. These include, for example, LIPOFEC 
TIN (commercially available cationic liposomes comprising 
DOTMA and DOPE, from GIBCO/BRL, Grand Island, 
NY, USA); LIPOFECTAMINE (commercially available 
cationic liposomes comprising DOSPA and DOPE, from 
GIBCO/BRL); and TRANSFECTAM (commercially avail 
able cationic lipids comprising DOGS in ethanol from 
Promega Corp., Madison, Wis., USA). 

[0040] This invention further provides a number of meth 
ods for producing micelles With entrapped therapeutic drugs. 
The method is particularly useful to produce micelles of 
drugs or compositions having a net overall negative charge, 
e.g., DNA, RNA or negatively charged small molecules. For 
example, the DNAcan be comprised Within a plasmid vector 
and encode for a therapeutic protein, e.g., Wild-type p53, 
HSV-tk, p21, Bax, Bad, IL-2, IL-12, GM-CSF, angiostatin, 
endostatin and oncostatin. In one embodiment, the method 
requires combining an effective amount of the therapeutic 
agent With an effective amount of cationic lipids. Cationic 
lipids useful in the methods of this invention include, but are 
not limited to, DDAB, dimethyldioctadecyl ammonium bro 
mide; DMRIE: N-[1-(2,3-dimyristyloxy)propyl]-N,N-dim 
ethyl-N-(2-hydroxyethyl) ammonium bromide; DMTAP: 
1,2-dimyristoyl-3-trimethylammonium propane; DOGS: 
Dioctadecylamidoglycylspermine; DOTAP (same as 
DOTMA): N-(1-(2,3-dioleoyloxy)propyl)-N,N,N-trimethy 
lammonium chloride; DPTAP: 1,2-dipalmitoyl-3-trimethy 
lammonium propane; DSTAP: 1 ,2-disteroyl-3-trimethylam 
monium propane. 

[0041] In one aspect, a ratio of from about 30 to about 90% 
of phosphates contained Within the negatively charged thera 
peutic agent are neutraliZed by positive charges on lipid 
molecules (negative charges are in excess) to form an 
electrostatic micelle complex in an effective concentration 
of ethanol. In one aspect, the ethanol solution is from about 
20% to about 80% ethanol. In a further aspect, the ethanol 
concentration is about 30%. The ethanol/cationic lipid/ 
therapeutic agent complex is then combined With an effec 
tive amount of a fusogenic-karyophilic peptide conjugate. In 
one aspect, an effective amount of the conjugate is a ratio 
range from about 0.0 to about 0.3 (positive charges on 
peptide to negative charges on phosphate groups) to neu 
traliZe the majority of the remaining negative charges on the 
phosphate groups of the therapeutic agents thereby leading 
to an almost complete neutraliZation of the complex. The 
optimal conditions give to the complex a slightly negative 
charge. HoWever, When the positive charges on cationic 
lipids exceed the negative charges on the DNA, the excess 
of positive charges are neutraliZed by DPPG (dipalmitoyl 
phosphatidyl glycerol) and its derivatives, or by other 
anionic lipid molecules in the ?nal micelle complex. 

[0042] In an alternative embodiment, the above methods 
can be modi?ed by addition of DNA condensing agents 
selected from spermine, spermidine, and magnesium or 
other divalent metal ions neutraliZing a certain percentage 
(1-20%) of phosphate groups. 

[0043] In a further embodiment, the cationic lipids are 
combined With an effective amount of fusogenic lipid DOPE 
at various molar ratios for example, in a molar ratio of from 
about 1:1 cationic lipid:DOPE. In an alternative embodi 
ment, the cationic lipids are combined With an effective 
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amount of a fusogenic/NLS peptide conjugate. Examples of 
fusogenic/NLS peptide conjugates include, but are not lim 
ited to (KAWLKAF)3 (SEQ ID NO:1), GLFKAAAKLLK 
SLWKLLLKA (SEQ ID NO:2), LLLKAFAKLLKSL 
WKLLLKA (SEQ ID NO:3), as Well as all derivatives of the 
prototype (Hydrophobic3-Karyophilic1-Hydrophobic2 
Karyophilic1)2r3 Where Hydrophobic is any of the A, I, L, V, 
P, G, W, F and Karyophilic is any of the K, R, or H, 
containing a positively-charged residue every 3rd or 4th 
amino acid, Which form alpha helices and direct a net 
positive charge to the same direction of the helix. Additional 
examples include but are not limited to GLFKAIAGFIKNG 
WKGMIDGGGYC (SEQ ID NO:4) from in?uenza virus 
hemagglutinin HA-2; YGRKKRRQRRR (SEQ ID NO:5) 
from TAT of HIV; MSGTFGGILAGLIGLL(K/R/H)1_6 
(SEQ ID NO:6), derived from the N-terminal region of the 
S protein of duck hepatitis B virus, but With the addition of 
one to six positively-charged lysine, arginine or histidine 
residues, and combinations of these, able to interact directly 
With the phosphate groups of plasmid or oligonucleotide 
DNA, compensating for part of the positive charges pro 
vided by the cationic lipids. GAAIGLAWIPYFGPAA (SEQ 
ID NO:7) is derived from the fusogenic peptide of the Ebola 
virus transmembrane protein; residues 53-70 (C-terminal 
helix) of apolipoprotein (apo) AII peptide; the 23-residue 
fusogenic N-terminal peptide of HIV-1 transmembrane gly 
coprotein gp41; the 29-42-residue fragment from AlZhe 
imer’s [3-amyloid peptide; the fusion peptide and N-terminal 
heptad repeat of Sendai virus; the 56-68 helical segment of 
lecithin cholesterol acyltransferase. Included Within these 
embodiments are shorter versions of these peptides, that are 
knoWn to induce fusion of unilamellar lipid vesicles or all 
that are similarly derivatiZed With the addition of one to six 
positively-charged lysine, arginine or histidine residues 
(K/R/H)L6 able to interact directly With the phosphate groups 
of plasmid or oligonucleotide DNA, compensating for part 
of the positive charges provided by the cationic lipids. The 
fusogenic peptides in the fusogenic/NLS conjugates repre 
sent hydrophobic amino acid stretches, and smaller frag 
ments of these peptide sequences, that include all signal 
peptide sequences used in membrane or secreted proteins 
that insert into the endoplasmic reticulum. Alternatively, the 
conjugates represent transmembrane domains and smaller 
fragments of these peptide sequences. 

[0044] In one aspect of the invention, the NLS peptide 
component in fusogenic/NLS peptide conjugates is derived 
from the fusogenic hydrophobic peptides. HoWever, there is 
an addition of 5-6 amino acid karyophilic Nuclear Local 
iZation Signals (NLS) derived from a number of knoWn NLS 
peptides, as Well as from searches of the nuclear protein 
databases, for stretches of ?ve or more karyophilic amino 
acid stretches in proteins containing at least four positively 

charged amino aids ?anked by a proline (P) or glycine Examples of NLS peptides are shoWn in Tables 1-8. The 

NLS peptide component in fusogenic/NLS peptide conju 
gates are synthetic peptides containing the above said NLS, 
but further modi?ed by additional K, R, H residues at the 
central part of the peptide or With P or G at the N- or 
C-terminus. 

[0045] In a further aspect, the fusogenic/NLS peptide 
conjugates are derived from the said fusogenic hydrophobic 
peptides but With the addition of a stretch of H4_6 (four to six 
histidine residues) in the place of NLS. Micelle formation 
takes place at pH 5-6 Where histidyl residues are positively 
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charged but lose their charge at the nearly neutral pH of the 
biological ?uids, thus releasing the plasmid or oligonucle 
otide DNA from their electrostatic interaction. 

[0046] The fusogenic peptide/NLS peptide conjugates are 
linked to each other With a short amino acid stretch repre 
senting an endogenous protease cleavage site. 

[0047] In a preferred aspect of the invention, the structure 
of the preferred prototype fusogenic/NLS peptide conjugate 
used in this invention is: PKKRRGPSP(L/A/I)12_2O (SEQ ID 
NO:8), Where (L/A/I)12_2O is a stretch of 12-20 hydrophobic 
amino acids containing A, L, I, Y, W, F and other hydro 
phobic amino acids. 

[0048] The micelles made by the above methods are 
further provided by this invention by conversion into lipo 
somes. An effective amount of liposomes (diameter from 
about 80 to about 160 nm), or of a lipid solution composed 
of cholesterol (from about 10% to about 50%), neutral 
phospholipid such as hydrogenated soy phosphatidylcholine 
(HSPC) (from about 40% to about 90%), and the derivatiZed 
vesicle-forming lipid PEG-DSPE (distearoylphosphatidyl 
ethanolamine) from about 1-to about 7 mole percent, is 
added to the micelle solution. 

[0049] In a speci?c embodiment, the liposomes are com 
posed of vesicle-forming lipids and betWeen from about 1 to 
about 7 mole percent of distearoylphosphatidyl ethanola 
mine (DSPE) derivatiZed With a polyethyleneglycol. The 
composition of claim 20, Wherein the polyethyleneglycol 
has a molecular Weight is betWeen about 1,000 to 5,000 
daltons. Micelles are converted into liposomes With a con 
comitant decrease of the ethanol concentration Which can be 
accomplished by removal of the ethanol by dialysis of the 
liposome complexes through permeable membranes or 
reduced to a diameter of 80-160 nm by extrusion through 
membranes. 

[0050] Liposome encapsulated therapeutic agents pro 
duced by the above methods are further provided by this 
invention. 

[0051] Also provided herein is a method for delivering a 
therapeutic agent such as plasmid DNA or oligonucleotides 
to a tissue cell in vivo by intravenous, or other type of 
injection of the micelles or liposomes. This method speci? 
cally targets a primary tumor and the metastases by the long 
circulating time of the micelle or liposome complex because 
of the exposure of PEG chains on its surface, its small siZe 
(80-160 nm) and the decrease in hydrostatic pressure in the 
solid tumor from the center to its periphery supporting a 
preferential extravasation through the tumor vasculature to 
the extracellular space in tumors. A method for delivering 
plasmid or oligonucleotide DNA across the cell membrane 
barrier of the tumors using the micelle or liposome com 
plexes described herein is capable because of the presence of 
the fusogenic peptides in the complex. In particular, a 
method for delivering plasmid or oligonucleotide DNA to 
the liver, spleen and bone marroW after intravenous injection 
of the complexes is provided. Further provided is a method 
for delivering therapeutic genes to the liver, spleen and bone 
marroW of cancer and noncancer patients including but not 
limited to, factor VIII or IX for the therapy of hemophilias, 
multidrug resistance, cytokine genes for cancer immuno 
therapy, genes for the alleviation of pain, genes for the 
alleviation of diabetes and genes that can be introduced to 
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liver, spleen and bone marroW tissue, to produce a secreted 
form of a therapeutic protein. 

[0052] The disclosed therapies also provide methods for 
reducing tumor siZe by combining the encapsulated plasmid 
DNA carrying one or more anticancer genes selected from 
the group consisting of p53, RB, BRCA1, E1A, bc1-2, 
MDR-1, p21, p16, bax, bc1-xs, E2F, IGF-I VEGF, angiosta 
tin, oncostatin, endostatin, GM-CSF, IL-12, IL-2, IL-4, IL-7, 
IFN-y, TNF-ot, HSV-tk (in combination With ganciclovir), E. 
coli cytosine deaminase (in combination With S-?uorocy 
tosine) With encapsulated antisense oligonucleotides (anti 
sense c-fos, c-myc, K-ras), riboZymes or triplex-forming 
oligonucleotides directed against genes that control the cell 
cycle or signaling pathWays. These methods can be modi?ed 
by combining the encapsulated plasmid DNA carrying one 
or more anticancer genes of With encapsulated or free 
antineoplastic drugs, consisting of the group of adriamycin, 
angiostatin, aZathioprine, bleomycin, busulfane, camptoth 
ecin, carboplatin, carmustine, chlorambucile, chlo 
rmethamine, chloroquinoxaline sulfonamide, cisplatin, 
cyclophosphamide, cycloplatam, cytarabine, dacarbaZine, 
dactinomycin, daunorubicin, didox, doxorubicin, endostatin, 
enloplatin, estramustine, etoposide, extramustinephosphat, 
?ucytosine, ?uorodeoxyuridine, ?uorouracil, gallium 
nitrate, hydroxyurea, idoxuridine, interferons, interleukins, 
leuprolide, lobaplatin, lomustine, mannomustine, mechlore 
thamine, mechlorethaminoxide, melphalan, mercaptopurine, 
methotrexate, mithramycin, mitobronitole, mitomycin, 
mycophenolic acid, nocodaZole, oncostatin, oxaliplatin, 
paclitaxel, pentamustine, platinum-triamine complex, plica 
mycin, prednisolone, prednisone, procarbaZine, protein 
kinase C inhibitors, puromycine, semustine, signal transduc 
tion inhibitors, spiroplatin, streptoZotocine, stromelysin 
inhibitors, taxol, tegafur, telomerase inhibitors, teniposide, 
thalidomide, thiamiprine, thioguanine, thiotepa, tiamiprine, 
tretamine, triaZiquone, trifosfamide, tyrosine kinase inhibi 
tors, uramustine, vidarabine, vinblastine, vinca alcaloids, 
vincristine, vindesine, voroZole, Zeniplatin, Zeniplatin, and 
Zinostatin. 

[0053] The folloWing examples are intended to illustrate, 
but not limit the invention. 

[0054] Liposome Composition 

[0055] Liposomes are microscopic vesicles consisting of 
concentric lipid bilayers. Structurally, liposomes range in 
siZe and shape from long tubes to spheres, With dimensions 
from a feW hundred Angstroms to fractions of a millimeter. 
Vesicle-forming lipids are selected to achieve a speci?ed 
degree of ?uidity or rigidity of the ?nal complex providing 
the lipid composition of the outer layer. These are neutral 
(cholesterol) or bipolar and include phospholipids, such as 
phosphatidylcholine (PC), phosphatidylethanolamine (PE), 
phosphatidylinositol (PI), and sphingomyelin (SM) and 
other type of bipolar lipids including but not limited to 
dioleoylphosphatidylethanolamine (DOPE), With a hydro 
carbon chain length in the range of 14-22, and saturated or 
With one or more double C=C bonds. Examples of lipids 
capable of producing a stable liposome, alone, or in com 
bination With other lipid components are phospholipids, 
such as hydrogenated soy phosphatidylcholine (HSPC), 
lecithin, phosphatidylethanolamine, lysolecithin, lysophos 
phatidylethanolamine, phosphatidylserine, phosphatidyli 
nositol, sphingomyelin, cephalin, cardiolipin, phosphatidic 
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acid, cerebrosides, distearoylphosphatidylethanolamine 
(DSPE), dioleoylphosphatidylcholine (DOPC), dipalmi 
toylphosphatidylcholine (DPPC), palmitoyloleoylphos 
phatidylcholine (POPC), palmitoyloleoylphosphatidyle 
thanolamine (POPE) and dioleoylphosphatidylethanolamine 
4-(N-maleimido-methyl)cyclohexane-1-carboxylate 
(DOPE-mal). Additional non-phosphorous containing lipids 
that can become incorporated into liposomes include steary 
lamine, dodecylamine, hexadecylamine, isopropyl 
myristate, triethanolamine-lauryl sulfate, alkyl-aryl sulfate, 
acetyl palmitate, glycerol ricinoleate, hexadecyl stereate, 
amphoteric acrylic polymers, polyethyloxylated fatty acid 
amides, and the cationic lipids mentioned above (DDAB, 
DODAC, DMRIE, DMTAP, DOGS, DOTAP (DOTMA), 
DOSPA, DPTAP, DSTAP, DC-Chol). Negatively charged 
lipids include phosphatidic acid (PA), dipalmitoylphosphati 
dylglycerol (DPPG), dioleoylphosphatidylglycerol and 
(DOPG), dicetylphosphate that are able to form vesicles. 
Preferred lipids for use in the present invention are choles 
terol, hydrogenated soy phosphatidylcholine (HSPC) and, 
the derivatiZed vesicle-forming lipid PEG-DSPE. 

[0056] Typically, liposomes can be divided into three 
categories based on their overall siZe and the nature of the 
lamellar structure. The three classi?cations, as developed by 
the NeW York Academy Sciences Meeting, “Liposomes and 
Their Use in Biology and Medicine,” December 1977, are 
multi-lamellar vesicles (MLVs), small uni-lamellar vesicles 
(SUVs) and large uni-lamellar vesicles (LUVs). 

[0057] SUVs range in diameter from approximately 20 to 
50 nm and consist of a single lipid bilayer surrounding an 
aqueous compartment. Unilamellar vesicles can also be 
prepared in siZes from about 50 nm to 600 nm in diameter. 
While unilamellar are single compartmental vesicles of 
fairly uniform siZe, MLVs vary greatly in siZe up to 10,000 
nm, or thereabouts, are multi-compartmental in their struc 
ture and contain more than one bilayer. LUV liposomes are 
so named because of their large diameter that ranges from 
about 600 nm to 30,000 nm; they can contain more than one 
bilayer. 

[0058] Liposomes may be prepared by a number of meth 
ods not all of Which produce the three different types of 
liposomes. For example, ultrasonic dispersion by means of 
immersing a metal probe directly into a suspension of MLVs 
is a common Way for preparing SUVs. 

[0059] Preparing liposomes of the MLV class usually 
involves dissolving the lipids in an appropriate organic 
solvent and then removing the solvent under a gas or air 
stream. This leaves behind a thin ?lm of dry lipid on the 
surface of the container. An aqueous solution is then intro 
duced into the container With shaking, in order to free lipid 
material from the sides of the container. This process dis 
perses the lipid, causing it to form into lipid aggregates or 
liposomes. Liposomes of the LUV variety may be made by 
sloW hydration of a thin layer of lipid With distilled Water or 
an aqueous solution of some sort. Alternatively, liposomes 
may be prepared by lyophiliZation. This process comprises 
drying a solution of lipids to a ?lm under a stream of 
nitrogen. This ?lm is then dissolved in a volatile solvent, 
froZen, and placed on a lyophiliZation apparatus to remove 
the solvent. To prepare a pharmaceutical formulation con 
taining a drug, a solution of the drug is added to the 
lyophiliZed lipids, Whereupon liposomes are formed. 
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[0060] Preparing Cationic Liposome/Cationic Peptide/ 
Nucleic Acid Micelles 

[0061] Cationic lipids, With the exception of sphingosine 
and some lipids in primitive life forms, do not occur in 
nature. The present invention uses single-chain amphiphiles 
Which are chloride and bromide salts of the alkyltrimethy 
lammonium surfactants including but not limited to C12 and 
C16 chains abbreviated DDAB (same as DODAB) or 
CTAB. The molecular geometry of these molecules deter 
mines the critical micelle concentration (ratio betWeen free 
monomers in solution and molecules in micelles). Lipid 
exchange betWeen the tWo states is a highly dynamic pro 
cess; phospholipids have critical micelle concentration val 
ues beloW 10'8 M and are more stable in liposomes; hoW 
ever, single chain detergents, such as stearylamine, may 
emerge from the liposome membrane upon dilution or 
intravenous injection in milliseconds (Lasic, 1997). 

[0062] Cationic lipids include, but are not limited to, 
DDAB: dimethyldioctadecyl ammonium bromide (same as 
N,N-distearyl-N,N-dimethylammonium bromide); DMRIE: 
N-[1-(2,3-dimyristyloxy)propyl]-N,N-dimethyl-N-(2-hy 
droxyethyl) ammonium bromide; DODAC: N,N-dioleyl-N, 
N-dimethylammonium chloride; DMTAP: 1,2-dimyristoyl 
3-trimethylammonium propane; DODAP: 1,2-dioleoyl-3 
dimethylammonium propane; DOGS: 
Dioctadecylamidoglycylspermine; DOTAP (same as 
DOTMA): N-(1-(2,3-dioleoyloxy)propyl)-N,N,N-trimethy 
lammonium chloride; DOSPA: N-(1-(2,3-dioleyloxy)pro 
pyl)-N-(2-(sperminecarboxamido)ethyl)-N,N-dimethyl 
ammonium tri?uoroacetate; DPTAP: 1,2-dipalmitoyl-3-tri 
methylammonium propane; DSTAP: 1,2-disteroyl-3-trim 
ethylammonium propane; DC-Chol, 3[3-(N—(N‘,N‘-dim 
ethylaminoethane)carbamoyl)cholesterol. 

[0063] Lipid-based vectors used in gene transfer have 
been formulated in one of tWo Ways. In one method, the 
nucleic acid is introduced into preformed liposomes made of 
mixtures of cationic lipids and neutral lipids. The complexes 
thus formed have unde?ned and complicated structures and 
the transfection ef?ciency is severely reduced by the pres 
ence of serum. Preformed liposomes are commercially 
available as LIPOFECTIN and LIPOFECTAMINE. The 
second method involves the formation of DNA complexes 
With mono- or poly-cationic lipids Without the presence of a 
neutral lipid. These complexes are prepared in the presence 
of ethanol and are not stable in Water. Additionally, these 
complexes are adversely affected by serum (see, Behr,Acc. 
Chem. Res. 26:274-78 (1993)). An example of a commer 
cially available poly-cationic lipid is TRANSFECTAM. 
Other efforts to encapsulate DNA in lipid-based formula 
tions have not overcome these problems (see, SZoka et al., 
Ann. Rev. Biophys. Bioeng. 9:467 (1980); and Deamer, US. 
Pat. No. 4,515,736). 

[0064] The nucleotide polymers can be single-stranded 
DNA or RNA, or double-stranded DNA or DNA—RNA 
hybrids. Examples of double-stranded DNA include struc 
tural genes, genes including control and termination regions, 
and self-replicating systems such as plasmid DNA. Particu 
larly preferred nucleic acids are plasmids. Single-stranded 
nucleic acids include antisense oligonucleotides (comple 
mentary to DNA and RNA), riboZymes and triplex-forming 
oligonucleotides. In order to increase stability, some single 
stranded nucleic acids Will preferably have some or all of the 
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nucleotide linkages substituted With stable, non-phosphodi 
ester linkages, including, for example, phosphorothioate, 
phosphorodithioate, phosphoroselenate, methylphospho 
nate, or O-alkyl phosphotriester linkages. 

[0065] Encapsulating Cationic Liposome/Cationic Pep 
tide/Nucleic Acid Micelles into Neutral Liposomes 

[0066] Cationic lipids used With fusogenic peptide/NLS 
conjugates to provide the inner layer of the particle can be 
any of a number of substances selected from the group of 
DDAB, DODAC, DMRIE, DMTAP, DOGS, DOTAP 
(DOTMA), DOSPA, DPTAP, DSTAP, DC-Chol. The cat 
ionic lipid is combined With DOPE. In one group of embodi 
ments, the preferred cationic lipid is DDABzDOPE 1: 1. 

[0067] Neutral lipids used herein to provide the outer layer 
of the particles can be any of a number of lipid species that 
exist either in an uncharged or neutral ZWitterionic form at 
physiological pH. Such lipids are selected from a group 
consisting of diacylphosphatidylcholine, diacylphosphati 
dylethanolamine, ceramide, sphingomyelin, cephalin, and 
cerebrosides. In one group of embodiments, lipids contain 
ing saturated, mono-, or di-unsaturated fatty acids With 
carbon chain lengths in the range of C14 to C22 are 
preferred. In general, less saturated lipids are more easily 
siZed, particularly When the liposomes must be siZed beloW 
about 0.16 microns, for purposes of ?lter steriliZation. 
Consideration of liposome siZe, rigidity and stability of the 
liposomes in the ?nal preparation, its shelf life Without 
leakage of the encapsulated DNA, and stability in the 
bloodstream generally guide the selection of neutral lipids 
for providing the outer coating of our gene vehicles. Lipids 
having a variety of acyl chain groups of varying chain length 
and degree of saturation are available or may be isolated or 
synthesiZed by Well-knoWn techniques. In another group of 
embodiments, lipids With carbon chain lengths in the range 
of C14 to C22 are used. Preferably, the neutral lipids used in 
the present invention are hydrogenated soy phosphatidyl 
choline (HSPC), cholesterol, and PEG-distearoylphosphati 
dyl ethanolamine (DSPE) or PEG-ceramide. 

[0068] Methods for Preparing Liposomes 

[0069] A variety of methods for preparing various lipo 
some forms have been described in several issued patents, 
for example, US. Pat. Nos. 4,229,360; 4,224,179; 4,241, 
046; 4,737,323; 4,078,052; 4,235,871; 4,501,728; and 
4,837,028, as Well as in the articles SZoka et al., Ann. Rev. 
Biophys. Bioeng. 9:467 (1980) and Hope et al., Chem. Phys. 
Lip. 40:89 (1986). These methods do not produce all three 
different types of liposomes (MLVs, SUVs, LUVs). For 
example, ultrasonic dispersion by means of immersing a 
metal probe directly into a suspension of MLVs is a common 
Way for preparing SUVs. 

[0070] Preparing liposomes of the MLV class usually 
involves dissolving the lipids in an appropriate organic 
solvent and then removing the solvent under a gas or air 
stream. This leaves behind a thin ?lm of dry lipid on the 
surface of the container. An aqueous solution is then intro 
duced into the container With shaking, in order to free lipid 
material from the sides of the container. This process dis 
perses the lipid, causing it to form into lipid aggregates or 
liposomes. Liposomes of the LUV variety may be made by 
sloW hydration of a thin layer of lipid With distilled Water or 
an aqueous solution of some sort. Alternatively, liposomes 
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may be prepared by lyophiliZation. This process comprises 
drying a solution of lipids to a ?lm under a stream of 
nitrogen. The ?lm is then dissolved in a volatile solvent, 
froZen, and placed on a lyophiliZation apparatus to remove 
the solvent. To prepare a pharmaceutical formulation con 
taining a drug, a solution of the drug is added to the 
lyophiliZed lipids, Whereupon liposomes are formed. 

[0071] FolloWing liposome preparation, the liposomes 
may be siZed to achieve a desired siZe range and relatively 
narroW distribution of liposome siZes. Preferably, the pre 
formed liposomes are siZed to a mean diameter of about 80 
to 160 nm (the upper siZe limit for ?lter steriliZation before 
in vivo administration). Several techniques are available for 
siZing liposomes to a desired siZe. Sonicating a liposome 
suspension either by bath or probe sonication produces a 
progressive siZe reduction doWn to small unilamellar 
vesicles less than about 0.05 microns (50 nm) in siZe. 
Extrusion of liposome through a small-pore polycarbonate is 
our preferred method for reducing liposome siZes to a 
relatively Well-de?ned siZe distribution. The liposomes may 
be extruded through successively smaller-pore membranes, 
to achieve a gradual reduction in liposome siZe. 

[0072] One Way used to coat DNA With lipid is by 
controlled detergent depletion from a cationic lipid/DNA/ 
detergent complex. This method can give complexes With 
stability in plasma. Ho?and et al. (1996), have prepared such 
complexes by dialysis of a mixture of DOSPA/DOPE/DNA/ 
octylglucoside. 

[0073] Pharmaceutical compositions comprising the cat 
ionic liposome/nucleic acid complexes of the invention are 
prepared according to standard techniques and further com 
prise a pharmaceutically acceptable carrier. Generally, nor 
mal saline Will be employed as the pharmaceutically accept 
able carrier. 

[0074] For in vivo administration, the pharmaceutical 
compositions are preferably administered parenterally, i.e., 
intravenously, intraperitoneally, subcutaneously, intrathe 
cally, injection to the spinal cord, intramuscularly, intraar 
ticularly, portal vein injection, or intratumorally. More pref 
erably, the pharmaceutical compositions are administered 
intravenously or intratumorally by a bolus injection. In other 
methods, the pharmaceutical preparations may be contacted 
With the target tissue by direct application of the preparation 
to the tissue. The application may be made by topical “open” 
or “closed” procedures. The term “topical” means the direct 
application of the pharmaceutical preparation to a tissue 
exposed to the environment, such as the skin, to any surface 
of the body, nasopharynx, external auditory canal, ocular 
administration and administration to the surface of any body 
cavities, inhalation to the lung, genital mucosa and the like. 

[0075] “Open” procedures are those procedures that 
include incising the skin of a patient and directly visualiZing 
the underlying tissue to Which the pharmaceutical prepara 
tions are applied. This is generally accomplished by a 
surgical procedure, such as a thoracotomy to access the 
lungs, abdominal laparotomy to access abdominal viscera, 
or other direct surgical approach to the target tissue. 

[0076] “Closed” procedures are invasive procedures in 
Which the internal target tissues are not directly visualiZed, 
but accessed via insertion of instruments through small 
Wounds in the skin. For example, the preparations may be 
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administered to the peritoneum by needle lavage. Likewise, 
the pharmaceutical preparations may be administered to the 
meninges or spinal cord by infusion during a lumbar punc 
ture folloWed by appropriate positioning of the patient as 
commonly practiced for spinal anesthesia or metraZamide 
imaging of the spinal cord. Alternatively, the preparations 
may be administered through endoscopic devices. 

EXAMPLES 

[0077] Materials and Methods 

[0078] DDAB, DOPE (dioleoylphosphatidylethanola 
mine) and most other lipids used here Were purchased from 
Avanti Polar Lipids; PEG-DSPE Was from Syngena. 

[0079] Engineering of Plasmid pLF 

[0080] The pGL3-C (Promega) Was cut With XbaI and 
blunt-end ligated using the KlenoW fragment of E. coli DNA 
polymerase. It Was then cut With HindIII and the 1689-bp 
fragment, carrying the luciferase gene, Was gel-puri?ed. The 
pGFP-Nl plasmid (Clontech) Was cut With SmaI and Hin 
dIII and the 4.7 kb fragment, isolated from an agarose gel, 
Was ligated With the luciferase fragment. JM109 E. Coli 
cells Were transformed and 20 colonies Were selected; about 
half of them shoWed the presence of inserts; 8 clones With 
inserts Were cut With BamHI and XhoI to further con?rm the 
presence of the luciferase gene; seven of them Were positive. 

[0081] Radiolabeled plasmid pLF Was generated by cul 
turing Escherichia coli in 3H-thymidine-S‘-triphosphate or 
32P inorganic phosphate (5 mCi) (Dupont/NEN, Boston, 
Mass.) and puri?ed using standard techniques as described 
above. 

[0082] DLS Measurements 

[0083] A Coulter N4M light scattering instrument Was 
used, at a 90° angle, set at a run time of 200 sec, using 4 to 
25 microsec sample time. The scan of the particle siZe 
distribution Was obtained in 1 ml sample volume using 
plastic cuvettes, at 20° C. and at 0.01 poise viscosity. 

[0084] In one aspect, this invention provides a method for 
entrapping DNA into lipids that enhances the content of 
plasmid per volume unit, and reduces the toxicity of the 
cationic lipids used to trap plasmid or oligonucleotide DNA. 
The DNA becomes hidden in the inner membrane bilayer of 
the ?nal complex. Furthermore, the gene transfer complex is 
endoWed With long circulation time in body ?uids and 
extravasates preferentially into solid tumors and their meta 
static foci and nodules. The extravasation occurs through 
their vasculature at most sites of the human or animal body 
after intravenous injection of the gene-carrying vehicles. 
This occurs because of their small siZe (100-160 nm), their 
content in neutral to slightly negatively-charged lipids in 
their outer membrane bilayers, and their coating With PEG. 
These gene delivery vehicles are able to cross the cell 
membrane barrier after they reach the extracellular tumor 
space because of the presence of fusogenic peptides conju 
gated With karyophilic peptides. The vehicles assume a 
certain prede?ned orientation in the lipid membrane With 
their positive ends directed toWard DNA and their hydro 
phobic tail buried inside the hydrophobic lipid bilayer. The 
labile NLS-fusogenic peptide linkage is cleaved after 
endocytosis and the remaining NLS peptide bound to plas 
mid DNA aids its nuclear uptake. This occurs especially 
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When non-dividing cells are targeted, such as liver, spleen or 
bone marroW cells that represent the major sites for extrava 
sation and concentration of these vehicles other than solid 
tumors. 

[0085] Organic Solvent 

[0086] A suitable solvent for preparing a micelle from the 
desired lipid components is ethanol, methanol, or other 
aliphatic alcohols such as propanol, isopropanol, butanol, 
tert-butanol, iso-butanol, pentanol and hexanol. Mixtures of 
tWo or more solvents may be used in the practice of the 
invention. It is also to be understood that any solvent that is 
miscible With an ethanol solution, even in small amounts, 
can be used to improve micelle formation and its subsequent 
conversion into liposomes, including chloroform, dichlo 
romethane, diethylether, cyclohexane, cyclopentane, ben 
Zene, and toluene. 

[0087] Cationic Lipids 

[0088] In a further embodiment, the liposome encapsu 
lated DNA described herein further comprises an effective 
amount of cationic lipids. Cationic lipids have been Widely 
used for gene transfer; a number of clinical trials (34 out of 
220 total RAC-approved protocols as of December, 1997) 
use cationic lipids. Although many cell culture studies have 
been documented, systemic delivery of genes With cationic 
lipids in vivo has been very limited. All clinical protocols 
use subcutaneous, intradermal, intratumoral, and intracra 
nial injection as Well as intranasal, intrapleural, or aerosol 
administration but not I.V. delivery, because of the toxicity 
of the cationic lipids and DOPE (see, Martin and Boulikas, 
1998). Liposomes formulated from DOPE and cationic 
lipids based on diacyltrimethylammonium propane (dio 
leoyl-, dimyristoyl-, dipalmitoyl-, disteroyl-trimethylammo 
nium propane or DOTAP, DMTAP, DPTAP, DSTAP, respec 
tively) or DDAB Were highly toxic When incubated in vitro 
With phagocytic cells (macrophages and U937 cells), but not 
toWards non-phagocytic T lymphocytes. The rank order of 
toxicity Was DOPE/DDAB >DOPE/DOTAP >DOPE/ 
DMTAP >DOPE/DPTAP >DOPE/DSTAP; and the toxicity 
Was determined from the effect of the cationic liposomes on 
the synthesis of nitric oxide (NO) and TNF-ot produced by 
activated macrophages (Filion and Phillips, 1997). 

[0089] Another aspect to be considered before I.V. injec 
tion is undertaken, is that negatively charged serum proteins 
can interact and cause inactivation of cationic liposomes 
(Yang and Huang, 1997). Condensing agents used for plas 
mid delivery including polylysine, transferrin-polylysine, a 
?fth-generation poly(amidoamine) (PAMAM) dendrimer, 
poly(ethyleneimine), and several cationic lipids (DOTAP, 
DC-Chol/DOPE, DOGS/DOPE, and DOTMA/DOPE), Were 
found to activate the complement system to varying extents. 
Strong complement activation Was seen With long-chain 
polylysines, the dendrimer, poly(ethyleneimine), and 
DOGS. Modifying the surface of preformed DNA com 
plexes With polyethyleneglycol (Plank et al., 1996) consid 
erably reduced complement activation. 

[0090] Cationic lipids increase the transfection ef?ciency 
by destabiliZing the biological membranes, including 
plasma, endosomal, and lysosomal membranes. Incubation 
of isolated lysosomes With loW concentrations of DOTAP 
caused a striking increase in free activity of [3-galactosidase, 
and even a release of the enZyme into the medium. This 
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demonstrates that the lysosomal membrane is deeply desta 
biliZed by the lipid. The mechanism of destabilization Was 
thought to involve an interaction betWeen cationic liposomes 
and anionic lipids of the lysosomal membrane, thus alloWing 
a fusion betWeen the lipid bilayers. The process Was less 
pronounced at pH 5 than at pH 7.4, and anionic amphipathic 
lipids Were able to prevent partially this membrane desta 
biliZation (Wattiaux et al., 1997). 

[0091] In contrast to DOTAP and DMRIE that Were 100% 
charged at pH 7.4, DC-CHOL Was only about 50% charged 
as monitored by a pH-sensitive ?uorophore. This difference 
decreases the charge on the external surfaces of the lipo 
somes, and Was proposed to promote an easier dissociation 
of bilayers containing DC-CHOL from the plasmid DNA, 
and an increase in release of the DNA-lipid complex into the 
cytosol from the endosomes (Zuidam and BarenholZ, 1997). 

[0092] Although cationic lipids have been used Widely for 
the delivery of genes, very feW studies have used systemic 
I.V. injection of cationic liposome-plasmid complexes. This 
is because of the toxicity of the lipid component in animal 
models, not humans. Administration by I.V. injection of tWo 
types of cationic lipids of similar structure, DOTMA and 
DOTAP, shoWs that the transfection efficiency is determined 
mainly by the structure of the cationic lipid and the ratio of 
cationic lipid to DNA; the luciferase and GFP gene expres 
sion in different organs Was transient, With a peak level 
betWeen 4 and 24 hr, dropping to less than 1% of the peak 
level by day 4 (Song et al., 1997). 

[0093] A number of different organs in vivo can be tar 
geted after liposomal delivery of genes or oligonucleotides. 
Intravenous injection of cationic liposome-plasmid com 
plexes by tail vein in mice, targeted mainly the lung and to 
a smaller extent the liver, spleen, heart, kidney and other 
organs (Zhu et al., 1993). Intraperitoneal injection of a 
plasmid-liposome complex expressing antisense K-ras RNA 
in nude mice inoculated ip with AsPC-l pancreatic cancer 
cells harboring K-ras point mutations and PCR analysis 
indicated that the injected DNA Was delivered to various 
organs except brain (Aoki et al., 1995). 

[0094] A number of factors for DOTAPzcholesterol/DNA 
complex preparation including the DNA:liposome ratio, 
mild sonication, heating, and extrusion Were found to be 
crucial for improved systemic delivery; maximal gene 
expression Was obtained When a homogeneous population of 
DNA:liposome complexes betWeen 200 to 450 nm in siZe 
Were used. Cryo-electron microscopy shoWed that the DNA 
Was condensed on the interior of invaginated liposomes 
betWeen tWo lipid bilayers in these formulations, a factor 
that Was thought to be responsible for the high transfection 
ef?ciency in vivo and for the broad tissue distribution 
(Templeton et al., 1997). 

[0095] Steps to improve liposome-mediated gene delivery 
to somatic cells include, persistence of the plasmid in blood 
circulation, port of entry and transport across the cell mem 
brane, release from endosomal compartments into the cyto 
plasm, nuclear import by docking through the pore com 
plexes of the nuclear envelope, expression driven by the 
appropriate promoter/enhancer control elements, and persis 
tence of the plasmid in the nucleus for long periods (Bou 
likas, 1998a). 
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[0096] Plasmid Condensation With Spermine 

[0097] In a further embodiment, the liposome encapsu 
lated DNA described herein is condensed With spermine 
and/or spermidine. DNA can be presented to cells in culture 
as a complex With polycations such as polylysine, or basic 
proteins such as protamine, total histones or speci?c histone 
fractions, protamine (Boulikas and Martin, 1997). The inter 
action of plasmid DNA With protamine sulfate, folloWed by 
the addition of DOTAP cationic liposomes, offered a better 
protection of plasmid DNA against enZymatic digestion. The 
method gave consistently higher gene expression in mice via 
tail vein injection as compared With DOTAP/DNA com 
plexes. 50 pg of luciferase-plasmid per mouse gave 20 ng 
luciferase protein per mg extracted tissue protein in the lung, 
that Was detected as early as 1 h after injection, peaked at 6 
h and declined thereafter. Intraportal injection of protamine/ 
DOTAP/DNA led to about a 100-fold decrease in gene 
expression in the lung as compared with IV. injection. 
Endothelial cells Were the primary locus of lacZ transgene 
expression (Li and Huang, 1997). Protamine sulfate 
enhanced plasmid delivery into several different types of 
cells in vitro, using the monovalent cationic liposomal 
formulations (DC-Chol and lipofectin). This effect Was less 
pronounced With the multivalent cationic liposome formu 
lation, lipofectamine (Sorgi et al., 1997). 
[0098] Spermine is found to enhance the transfection 
ef?ciency of DNA-cationic liposome complexes in cell 
culture and in animal studies. This biogenic polyamine at 
high concentrations caused liposome fusion most likely 
promoted by the simultaneous interaction of one molecule of 
spermine (four positively charged amino groups) With the 
polar head groups of tWo or more molecules of lipids. At loW 
concentrations (0.03-0.1 mM) it promoted anchorage of the 
liposome-DNA complex to the surface of cells and enhanced 
signi?cantly transfection efficiency (Boulikas, unpublished). 
[0099] The polycations polybrene, protamine, DEAE-dex 
tran, and poly-L-lysine signi?cantly increased the ef?ciency 
of adenovirus-mediated gene transfer in cell culture. This 
Was thought to act by neutraliZing the negative charges 
presented by membrane glycoproteins that reduce the ef? 
ciency of adenovirus-mediated gene transfer (Arcasoy et al., 
1997). 
[0100] Oligonucleotide Transfer 
[0101] In a further embodiment, the liposome encapsu 
lates oligonucleotide DNA. Encapsulation of oligonucle 
otides into liposomes increased their therapeutic index, 
prevented degradation in cultured cells, and in human serum 
and reduced toxicity to cells (Thierry and Dritschilo, 1992; 
Capaccioli et al., 1993; LeWis et al., 1996). HoWever, most 
studies have been performed in cell culture, and very feW in 
animals in vivo. There are still an important number of 
improvements needed before these approaches can move 
into clinical studies. 

[0102] Zelphati and SZoka (1997), have found that com 
plexes of ?uorescently labeled oligonucleotides With 
DOTAP liposomes, entered the cell using an endocytic 
pathWay mainly involving uncoated vesicles. Oligonucle 
otides Were redistributed from punctate cytoplasmic regions 
into the nucleus. This process Was independent of acidi? 
cation of the endosomal vesicles. The nuclear uptake of 
oligonucleotides depended on several factors, such as charge 
of the particle, Where positively charged complexes Were 
required for enhanced nuclear uptake. DOTAP increased 
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over 100 fold the antisense activity of a speci?c anti 
luciferase oligonucleotide. Physicochemical studies of oli 
gonucleotide-liposome complexes of different cationic lipid 
compositions indicated that either phosphatidylethanola 
mine or negative charges on other lipids in the cell mem 
brane are required for ef?cient fusion With cationic lipo 
some-oligonucleotide complexes to promote entry to the cell 
(Jaaskelainen et al., 1994). 
[0103] Similar results Were reported by Lappalainen et al. 
(1997). Digoxigenin-labeled oligodeoxynucleotides 
(ODNs) complexed With the polycationic DOSPA and the 
monocationic DDAB (With DOPE as a helper lipid) Were 
taken up by CaSki cells in culture by endocytosis. The 
nuclear membrane Was found to pose a barrier against 
nuclear import of ODNs that accumulated in the perinuclear 
area. Although DOSPA/DOPE liposomes could deliver 
ODNs into the cytosol, they Were unable to mediate nuclear 
import of ODNs. On the contrary, oligonucleotide-DDAB/ 
DOPE complexes With a net positive charge Were released 
from vesicles into the cytoplasm. It Was determined that 
DDAB/DOPE mediated nuclear import of the oligonucle 
otides. 

[0104] DOPE-heme (ferric protoporphyrin IX) conju 
gates, inserted in cationic lipid particles With DOTAP, pro 
tected oligoribonucleotides from degradation in human 
serum and increased oligoribonucleotide uptake into 2.2.15 
human hepatoma cells. The enhancing effect of heme Was 
evident only at a net negative charge in the particles (Takle 
et al., 1997). Uptake of liposomes labeled With 111In and 
composed of DC-Chol and DOPE Was primarily by liver, 
With some accumulation in spleen and skin and very little in 
the lung after I.V. tail injection. Preincubation of cationic 
liposomes With phosphorothioate oligonucleotide induced a 
dramatic, yet transient, accumulation of the lipid in lung that 
gradually redistributed to liver. The mechanism of lung 
uptake involved entrapment of large aggregates of oligo 
nucleotides Within pulmonary capillaries at 15 min post 
injection via embolism. Labeled oligonucleotide Was local 
iZed primarily to phagocytic vacuoles of Kupffer cells at 24 
h post-injection. Nuclear uptake of oligonucleotides in vivo 
Was not observed (LitZinger et al., 1996). 

[0105] Polyethylene Glycol (PEG)-Coated Liposomes 
[0106] In a further embodiment, the liposome encapsu 
lated DNA described herein, further comprise coating of the 
?nal complex in step 2 (FIG. 1) With PEG. It is often 
desirable to conjugate a lipid to a polymer that confers 
extended half-life, such as polyethylene glycol (PEG). 
DerivatiZed lipids that are employed, include PEG-modi?ed 
DSPE or PEG-ceramide. Addition of PEG components 
prevents complex aggregation, increases circulation lifetime 
of particles (liposomes, proteins, other complexes, drugs) 
and increases the delivery of lipid-nucleic acid complexes to 
the target tissues. See, Max?eld et al., Polymer 16:505-509 
(1975); Bailey, F. E. et al., in: Nonionic Surfactants, Schick, 
M. 1., ed., pp. 794-821 (1967); AbuchoWski, A. et al.,J. Biol. 
Chem. 252:3582-3586 (1977); AbuchoWski, A. et al., Can 
cer Biochem. Biophys. 7:175-186 (1984); Katre, N. V. et al., 
Proc. Natl. Acad. Sci. USA 84:1487-1491 (1987); Goodson, 
R. et al. Bio Technology 8:343-346 (1990). 

[0107] Conjugation to PEG is reported to have reduced 
immunogenicity and toxicity. See, AbuchoWski et al., J. 
Biol. Chem. 252:3578-3581 (1977). The extent of enhance 
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ment of blood circulation time of liposomes, by coating With 
PEG is described in US. Pat. No. 5,013,556. Typically, the 
concentration of the PEG-modi?ed phospholipids, or PEG 
ceramide in the complex Will be about 1-7%. In a particu 
larly preferred embodiment, the PEG-modi?ed lipid is a 
PEG-DSPE. 

[0108] Coating the surface of liposomes With inert mate 
rials designed to camou?age the liposome from the body’s 
host defense systems Was shoWn to increase remarkably the 
plasma longevity of liposomes. The biological paradigm for 
this “surface modi?ed” sub-branch Was the erythrocyte, a 
cell that is coated With a dense layer of carbohydrate groups, 
and that manages to evade immune system detection and to 
circulate for several months (before being removed by the 
same type of cell responsible for removing liposomes). 

[0109] The ?rst breakthrough came in 1987 When a gly 
colipid (the brain tissue-derived ganglioside GM 1), Was 
identi?ed that, When incorporated Within the lipid matrix, 
alloWed liposomes to circulate for many hours in the blood 
stream (Allen and Chonn, 1987). A second glycolipid, 
phosphatidylinositol, Was also found to impart long plasma 
residence times to liposomes and, since it Was extracted 
from soybeans, not brain tissue, Was believed to be a more 
pharmaceutically acceptable excipient (GabiZon et al., 
1989). 
[0110] A major advance in the surface-modi?ed sub 
branch Was the development of polymer-coated liposomes 
(Allen et al. 1991). Polyethylene glycol (PEG) modi?cation 
had been used for many years to prolong the half-lives of 
biological proteins (such as enZymes and groWth factors) 
and to reduce their immunogenicity (e.g. Beauchamp et al., 
1983). It Was reported in the early 1990s that PEG-coated 
liposomes circulated for remarkably long times after intra 
venous administration. Half-lives on the order of 24 h Were 
seen in mice and rats, and over 30 hours in dogs. The term 
“stealth” Was applied to these liposomes because of their 
ability of evade interception by the immune system. The 
PEG hydrophilic polymers form dense “conformational 
clouds” to prevent other macromolecules from interaction 
With the surface, even at loW concentrations of the protecting 
polymer (GabiZon and Papahadjopoulos, 1988; Papahad 
jopoulos et al., 1991; revieWed by Torchilin, 1998). The 
increased hydrophilicity of the liposomes after their coating 
With the amphipathic PEG5000 leads to a reduction in 
nonspeci?c uptake by the reticuloendothelial system. 

[0111] Whereas the half-life of antimyosin immunolipo 
somes Was 40 min, by coating With PEG, they increased 
their half-life to 1000 min after intravenous injection to 
rabbits (Torchilin et al., 1992). 

[0112] Micelles, Surfactants and Small Unilamellar 
Vesicles 

[0113] In a further embodiment, the liposome encapsu 
lated DNA described herein, further comprise an initial step 
of micelle formation betWeen cationic lipids and condensed 
plasmid or oligonucleotide DNA in ethanol solutions. 
Micelles are small amphiphilic colloidal particles formed by 
certain kinds of lipid molecules, detergents or surfactants 
under de?ned conditions of concentration, solvent and tem 
perature. They are composed of a single lipid layer. Micelles 
can have their hydrophilic head groups assembled exposing 
their hydrophobic tails to the solvent (for example in 
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30-60% aqueous ethanol solution) or can reverse their 
structures exposing their polar heads toWard the solvent such 
as by loWering the concentration of the ethanol to beloW 
10% (reverse micelles). Micelle systems are in thermody 
namic equilibrium With the solvent molecules and environ 
ment. This results in constant phase changes, especially 
upon contact With biological materials, such as upon intro 
duction to cell culture, injection to animals, dilution, contact 
With proteins or other macromolecules. These changes result 
in rapid micelle disassembly or ?occulation. This is in 
contrast to the much higher stability of liposome bilayers. 

[0114] Single-chain surfactants are able to form micelles 
(see Table 1, beloW). These include the anionic (sodium 
dodecyl sulfate, cholate or oleate) or cationic (cetyl-trim 
ethylammonium bromide, CTAB) surfactants. CTAB, 
CTAC, and DOIC micelles yielded larger solubility gaps 
(loWer concentration of colloidally suspended DNA) than 
corresponding SUV particles containing neutral lipid and 
CTAB (1:1) (Lasic, 1997). 

TABLE 1 

Molecules able to form micelles 

Molecule Reference 

CTAB, CTAC, DOIC 
Detergent/phospholipid micelles 
Dodecyl betaine (amphoteric surfactant) 
Dodecylphosphocholine cholate 
Glycine-conjugated bile salt (anionic 
steroid detergent-like molecule) 
Lipid-dodecyl rnaltoside micelles 
mixed micelles (Triton X-100 & 
phosphatidylcholine) 
Octylglucoside (non-ionic straight 
chain detergent) 
Oleate 
PEG-dialkylphosphatidic 
acid (dihexadecylphosphatidyl 
(DHP)-PEG2000) 
Phosphatidylcholine (neutral ZWitterionic) 
Polyethyleneglycol (MW 5000)—distearoyl 
phosphatidyl ethanolarnine (PEG-DSPE) 
sodium dodecyl sulfate (anionic straight 
chain detergent) 
Sodium taurofusidate (conjugated fungal 
bile salt analog) 
Taurine-conjugated bile salts (anionic 
steroid detergent-like molecule) 
Triton X-100 surfactant 

Lasic, 1997 
Lusa et al., "'1998 
de la MaZa et al., 1998 
Lasic, 1997 
Leonard and Cohen, 1998 

Lambert et al., 1998 
Lopez et al., 1998 

Leonard and Cohen, 1998 

Lasic, 1997 
Tirosh et al., 1998 

Schroeder et al., 1990 
Weissig et al., 1998 

Leonard and Cohen, 1998 

Leonard and Cohen, 1998 

Leonard and Cohen, 1998 

Lasic, 1997 

[0115] There is a critical detergent/phospholipid ratio at 
Which lamellar-to-micellar transition occurs. For example, 
the vesicle-micelle transition Was observed for dodecyl 
maltoside With large unilamellar liposomes. A striking fea 
ture of the solubiliZation process by dodecyl maltoside Was 
the discovery of a neW phase, consisting of a very viscous 
“gel-like” structure composed of long ?lamentous thread 
like micelles, over 1 to 2 microns in length. 

[0116] A long circulating complex needs to be slightly 
anionic. Therefore the liposomes used for the conversion of 
the micelles into liposomes contain bipolar lipids (PC, PE) 
and 1-30% negatively charged lipids (DPPG). The cationic 
lipids Which are toxic, are hidden in the inner liposome 
membrane bilayer. Those reaching the solid tumor Will exert 
their toxic effects causing apoptosis. Apoptosis Will be 
caused by the delivery of the toxic drug or anti-neoplastic 
gene or oligonucleotide to the cancer cell but also by the 
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nuclear localiZation of the cationic lipids (along With plas 
mid DNA) to the nucleus. Indeed, a number of studies 
suggest that plasmid DNA is imported to nuclei; its trans 
location docks cationic lipid molecules electrostatically 
attached to the DNA. These cationic lipid molecules exert 
their toxicity by interfering With the nucleosome and domain 
structure of the chromatin causing local destabiliZation. This 
disturbance or aberrant chromatin reorganiZation could be 
exerted at the level of the nuclear matrix Where plasmid 
DNA is attached for transcription, autonomous replication, 
or integration via recombination. 

[0117] Surfactants have found Wide application in formu 
lations such as emulsions (including microemulsions) and 
liposomes. The most common Way of classifying and rank 
ing the properties of the many different types of surfactants, 
both natural and synthetic, is by the use of the hydrophile/ 
lipophile balance (HLB). The use of surfactants in drug 
products, formulations and in emulsions has been revieWed 
(Rieger, in: Pharmaceutical Dosage Forms, Marcel Dekker, 
Inc., NeW York, 1988, p. 285). 

[0118] Nonionic surfactants ?nd Wide application in phar 
maceutical and cosmetic products and are usable over a Wide 
range of pH values. In general, their HLB values range from 
2 to about 18, depending on their structure. Nonionic 
surfactants include, nonionic esters such as ethylene glycol 
esters, propylene glycol esters, glyceryl esters, polyglyceryl 
esters, sorbitan esters, sucrose esters, and ethoxylated esters. 
Nonionic alkanolamides and ethers, such as fatty alcohol 
ethoxylates, propoxylated alcohols, and ethoxylated/pro 
poxylated, block polymers are also included in this class. 
The polyoxyethylene surfactants are the most popular mem 
bers of the nonionic surfactant class. 

[0119] Anionic surfactants include carboxylates such as 
soaps, acyl lactylates, acyl amides of amino acids, esters of 
sulfuric acid such as alkyl sulfates and ethoxylated alkyl 
sulfates, sulfonates such as alkyl benZene sulfonates, acyl 
isethionates, acyl taurates and sulfosuccinates, and phos 
phates. The most important members of the anionic surfac 
tant class are the alkyl sulfates and the soaps. 

[0120] Cationic surfactants include quaternary ammonium 
salts and ethoxylated amines. The quaternary ammonium 
salts are the most used members of this class. If the 
surfactant molecule has the ability to carry either a positive 
or negative charge, the surfactant is classi?ed as amphoteric. 
Amphoteric surfactants include acrylic acid derivatives, 
substituted alkylamides, N-alkylbetaines and phosphatides. 

[0121] Classical micelles may not be effective as gene 
transfer vehicles, but important intermediates in the forma 
tion of liposome complexes encapsulating drugs or nucleic 
acids. The stability of single chain surfactants-DNA-colloi 
dal systems is loWer than SUV particles containing neutral 
lipid and CTAB (1:1). HoWever, second generation micelles 
are able to target tumors in vivo. Weissig and co-Workers 
(1998) used the soybean trypsin inhibitor (STI) as a model 
protein to target tumors. STI Was modi?ed With a hydro 
phobic residue of N-glutaryl-phosphatidyl-ethanolamine 
(NGPE) and incorporated into both polyethyleneglycol 
(MW 5000)-distearoyl phosphatidyl ethanolamine (PEG 
DSPE) micelles (<20 nm) and PEG-DSPE-modi?ed long 
circulating liposomes (ca. 100 pm). As determined from the 
protein label by using ilIn attached to soybean trypsin 
inhibitor via protein-attached diethylene triamine pentaace 








































































