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(57) ABSTRACT 

Abiodegradable non-toxic cationic lipopolymer comprising 
a branched polyethylenimine (PEI), a lipid anchor, biocom 
patible hydrophilic polymer spacer, and a biodegradable 
linker Which covalently links the branched PEI, the spacer 
and the cholesterol derived lipid anchor. The cationic 
lipopolymers in the present invention can be used in drug 
delivery and are especially useful for delivery of a nucleic 
acid or any anionic bioactive agent to various organs and 
tissues after local or systemic administration. 
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NOVEL CATIONIC LIPOPOLYMER AS 
BIOCOMPATIBLE GENE DELIVERY AGENT 

[0001] This application is a continuation-in-part of pend 
ing U.S. patent application Ser. No. 09/662,511, ?led Sep. 4, 
2000. 

FIELD OF THE INVENTION 

[0002] This invention relates to delivery of a bioactive 
agent. More particularly, the invention relates to a compo 
sition and method for delivering bioactive agents, such as 
DNA, RNA, oligonucleotides, proteins, peptides, and drugs, 
by facilitating their transmembrane transport or by enhanc 
ing their adhesion to biological surfaces. It relates particu 
larly to a novel cationic lipopolymer comprising a branched 
polyethylenimine (PEI), a cholesterol derived lipid anchor, 
and a biodegradable linker Which covalently links the 
branched PEI and cholesterol derived lipid anchor. One 
example of such a novel lipolymer is poly{(ethylene imine) 
co-[N-2-aminoethyl) ethylene imine]-co-[N-(N-cholestery 
loxycabonyl-(2-aminoethyl))ethylene imine]} (hereafter 
referred to as “PEACE”). The cationic lipopolymers of the 
present invention can be used in drug delivery and are 
especially useful for delivery of a nucleic acid or any anionic 
bioactive agent. 

BACKGROUND OF THE INVENTION 

[0003] Gene therapy is generally considered as a promis 
ing approach not only for the treatment of diseases With 
genetic defects but also in the development of strategies for 
treatment and prevention of chronic diseases such as cancer, 
cardiovascular disease and rheumatoid arthritis. HoWever, 
nucleic acids as Well as other polyanionic substances are 
rapidly degraded by nucleases and exhibit poor cellular 
uptake When delivered in aqueous solutions. Since early 
efforts to identify methods for delivery of nucleic acids in 
tissue culture cells in the mid 1950’s, steady progress has 
been made toWards improving delivery of functional DNA, 
RNA, and antisense oligonucleotides in vitro and in vivo. 

[0004] The gene carriers used so far include viral systems 
(retroviruses, adenoviruses, adeno-associated viruses, or 
herpes simplex viruses) or nonviral systems (liposomes, 
polymers, peptides, calcium phosphate precipitation and 
electroporation). Viral vectors have been shoWn to have high 
transfection efficiency When compared to non-viral vectors, 
but due to several draWbacks, such as targeting only dividing 
cells, random DNA insertion, their loW capacity for carrying 
large siZed therapeutic genes, risk of replication, and pos 
sible host immune reaction, their use in vivo is severely 
limited. 

[0005] Compared to viral vectors, nonviral vectors are 
easy to make and less likely to produce immune reactions, 
and there is no replication reaction required. There has been 
increasing attention focused on the development of safe and 
efficient nonviral gene transfer vectors, Which are either 
polycationic polymers or cationic lipids. Polycationic poly 
mers such as poly-L-lysine, poly-L-ornithine and polyeth 
yleneimine (PEI), that interact With DNA to form polyionic 
complexes, have been introduced for use in gene delivery. 
Various cationic lipids have also been shoWn to form 
lipoplexes With DNA and induce ef?cient transfection of 
various eukaryotic cells. Among such kinds of synthetic 
vectors, cationic lipids are Widely used because it is possible 
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to design and synthesiZe numerous derivatives that are 
outstanding in the aspects of transfection efficiency, biode 
gradability and loW toxicity. Many different cationic lipids 
are commercially available and several lipids have already 
been used in the clinical setting. Among them, cationic 
cholesterol derivatives are knoWn to be very useful because 
of their high transfection efficiency in vitro. Although the 
mechanism of this transfection activity is not yet clear, it 
probably involves binding of the DNA/lipid complex With 
the cell surface via excess positive charges on the complex. 
Cell surface bound complexes are probably internaliZed and 
the DNA released into the cytoplasm of the cell from an 
endocytic compartment. 

[0006] HoWever, it is not feasible to directly extend in 
vitro transfection technology to in vivo applications. Rela 
tive to in vivo use, the biggest draWback of the diether lipids, 
such as N-[1-(2,3-dioleyloxy)propyl]-N,N,N-trimethyl 
ammonium chloride (DOTMA) or Lipofectin is that they are 
not natural metabolites of the body, and are thus not biode 
gradable and they are toxic to cells. In addition, it has been 
reported that cationic lipid transfection is inhibited by fac 
tors present in serum and thus it is an ineffective means for 
the introduction of genetic material into cells in vivo. 

[0007] An ideal transfection reagent should exhibit a high 
level of transfection activity Without needing any mechani 
cal or physical manipulation of the cells or tissues. The 
reagent should be non-toxic, or minimally toxic, at the 
effective dose. In order to avoid any long-term adverse 
side-effects on the treated cells, it should also be biodegrad 
able. When gene carriers are used for delivery of nucleic 
acids in vivo, it is essential that the gene carriers themselves 
be nontoxic and that they degrade into non-toxic products. 
To minimiZe the toxicity of the intact gene carrier and its 
degradation products, the design of gene carriers needs to be 
based on naturally occurring metabolites. 

[0008] US. Pat. No. 5,283,185, to Epand et al. (hereafter 
the ’185 patent), discloses a method for facilitating the 
transfer of nucleic acids into cells comprising preparing a 
mixed lipid dispersion of a cationic lipid 3[3[N-(N‘,N“ 
dimethylaminoethane)-carbamoyl]cholesterol (DC-choles 
terol) With a co-lipid in a suitable carrier solvent. The 
method disclosed in the ’185 patent involves using a halo 
genated solvent in preparing a liposome suspension. For 
pharmaceutical applications, residues of halogenated sol 
vents cannot be practically removed from a preparation after 
having been introduced. U.S. Pat. No. 5,753,262, (hereafter 
the ’262 patent) discloses using the acid salt of the lipid 
3[3[N-(N‘,N“-dimethylaminoethane)-carbamoyl]cholesterol 
(DC-cholesterol) and a helper lipid such as dioleoyl phos 
phatidylethanolamine (DOPE) or dioleoylphosphatidylcho 
line (DOPC) to produce effective transfection in vitro. In 
addition, these cationic lipids have been proven less efficient 
in gene transfer in vivo. 

[0009] Because of their sub-cellular siZe, nanoparticles are 
hypothesiZed to enhance interfacial cellular uptake, thus 
achieving in a true sense a “local pharmacological drug 
effect.” It is also hypothesiZed that there Would be enhanced 
cellular uptake of drugs contained in nanoparticles (due to 
endocytosis) compared to the corresponding free drugs. 
Nanoparticles have been investigated as drug carrier systems 
for tumor localiZation of therapeutic agents in cancer 
therapy, for intracellular targeting (antiviral or antibacterial 
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agents), for targeting to the reticuloendothelial system (para 
sitic infections), as an immunological adjuvant (by oral and 
subcutaneous routes), for ocular delivery With sustained 
drug action, and for prolonged systemic drug therapy. 

[0010] In vieW of the foregoing, it Will be appreciated that 
providing a gene carrier that is non-toxic, biodegradable, 
and capable of forming nanoparticles, liposomes, or micelles 
for gene therapy and drug delivery, is desired. The novel 
gene carrier of the present invention comprises a novel 
cationic lipopolymer comprising a branched polyethylen 
imine (PEI), a cholesterol derived lipid anchor, and a bio 
degradable linker Which covalently links the branched PEI 
and cholesterol derived lipid anchor. The lipolymer of the 
present invention is useful for preparing a cationic liposome, 
or a cationic micelle for drug delivery, especially for deliv 
ery of nucleic acids, other anionic bioactive molecules or 
both and is readily susceptible to metabolic degradation after 
incorporation into the cell. 

BRIEF SUMMARY OF THE INVENTION 

[0011] The present invention provides a biodegradable 
cationic lipopolymer, having reduced in vivo and in vitro 
toxicity, for delivery of drugs or other bioactive agents to an 
individual in need thereof. 

[0012] The present invention also provides a cationic 
lipopolymer for delivery of nucleic acids Which carries out 
both stable and transient transfection of polynucleotides 
such as DNA and RNA into cells more effectively. 

[0013] The biodegradable, non-toxic cationic lipopolymer 
of the present invention comprises a branched polyethylen 
imine (PEI), a cholesterol derived lipid anchor, and a bio 
degradable linker Which covalently links the branched PEI 
and cholesterol derived lipid anchor. Preferably, the average 
molecular Weight of the branched PEI is Within a range of 
600 to 25,000 Daltons. The branched PEI is preferably 
conjugated to the cholesterol derivative by an ester bond. 
The molar ratio of the branched PEI to the conjugated 
cholesterol derivative is preferably Within a range of 1:1 to 
1:20. 

[0014] By adjusting the molecular Weight of the branched 
PEI and the molar ratio of the branched PEI to conjugated 
cholesterol derivative, the resultant lipolymer can be either 
Water soluble or Water insoluble. For example, to obtain a 
Water soluble lipopolymer, the average molecular Weight of 
the branched PEI is preferably Within a range of 1800 to 
25,000, and the molar ratio of the branched PEI to the 
conjugated cholesterol derivative is preferably Within a 
range of 1:1 to 1:5. To obtain a Water insoluble lipopolymer, 
the average molecular Weight of the branched PEI is pref 
erably Within a range of 600 to 1800, and the molar ratio of 
the branched PEI to the conjugated cholesterol derivative is 
preferably Within a range of 1:1 to 1:2. Although a choles 
terol derived lipid anchor is preferred in the present inven 
tion, other lipophilic moieties may also be used, such as C12 
to C18 saturated or unsaturated fatty acids. 

[0015] The biodegradable lipopolymers can be synthe 
siZed by relatively simple and inexpensive methods. These 
cationic lipopolymers invention can spontaneously form 
discrete nanometer-siZed particles With a nucleic acid, Which 
can promote more efficient gene transfection into mamma 
lian cell lines than can be achieved conventionally With 
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Lipofectin and polyethyleneimine. The lipopolymer the 
present invention is readily susceptible to metabolic degra 
dation after incorporation into animal cells. Moreover, the 
Water soluble cationic lipopolymer can form an aqueous 
micellar solution Which is particularly useful for systemic 
delivery of various bioactive agents such as DNA, proteins, 
hydrophobic or hydrophilic drugs. The Water insoluble 
lipopolymer can form cationic liposomes With a helper, 
Which is particularly useful for local drug delivery. There 
fore, the biocompatible and biodegradable cationic lipopoly 
mer of this invention provides an improved gene carrier for 
use as a general reagent for transfection of mammalian cells, 
and for the in vivo application of gene therapy. 

[0016] The present invention further provides transfection 
formulations, comprising a novel cationic lipopolymer, 
complexed With a selected nucleic acid in the proper charge 
ratio (positive charge of the lipopolymer/negative charge of 
the nucleic acid) that is optimally effective for both in vivo 
and in vitro transfection. Particularly, for systemic delivery, 
the charge ratio (+/—) is preferably 5/1 to 1/1; for local 
delivery, the charge ratio (+/—) is preferably 3/1 to 0.5/1. 

[0017] This invention also provides for a method of trans 
fecting, both in vivo and in vitro, a nucleic acid into a 
mammalian cell. The method comprises contacting the cell 
With a cationic lipopolymer or liposome:nucleic acid com 
plexes as described above. In one embodiment, the method 
uses systemic administration of the cationic lipopolymer or 
liposome:nucleic acid complexes into a Warm blooded ani 
mal. In a preferred embodiment, the method of transfecting 
uses intravenous administration of the cationic lipopolymer 
or liposome:nucleic acid complexes into a Warm blooded 
animal. In a particularly preferred embodiment, the method 
comprises intravenous injection of Water soluble PEACE/ 
pDNA and PEACE:DOPE liposomes/pDNA complexes into 
a Warm blooded animal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] FIG. 1 illustrates a synthetic scheme for 
poly{(ethylene imine)-co-[N-2-aminoehtyl) ethylene 
imine]-co-[N-(N-cholesteryloxycabonyl-(2-aminoethyl 
))ethylene imine]} (“PEACE”). 
[0019] FIG. 2. illustrates determination of chemical struc 
ture and molecular Weight of Water insoluble PEACE 1800 
by 1H NMR spectra (FIG. 2A) and MALDI-TOF mass 
spectra (FIG. 2B). 
[0020] FIG. 3 illustrates determination of chemical struc 
ture and molecular Weight of Water soluble PEACE 1800 by 
1H NMR spectra (FIG. 3A) and MALDI-TOF mass spectra 
(FIG. 3B). 
[0021] FIG. 4 illustrates gel retardation assay of Water 
soluble PEACE/pCMV-Luc complexes (FIG. 4A) and 
PEACE:DOPE liposome/pCMV-Luc complexes (FIG. 4B). 
[0022] FIG. 5 illustrates Dnase protection assay of Water 
soluble PEACE/pCMV-Luc complexes. 

[0023] FIG. 6 illustrates viability assay of CT-26 colon 
adenocarcinoma cells after being transfected by Water 
soluble PEACE/pCMV-Luc complexes (FIG. 6A) and 
PEACE:DOPE liposome/pCMV-Luc complexes (FIG. 6B). 
[0024] FIG. 7 illustrates luciferase activity assay in cul 
tured CT-26 colon adenocarcinoma cells after being trans 
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fected by Water soluble PEACE/pCMV-Luc complexes 
(FIG. 7A) and PEACEzDOPE liposome/pCMV-Luc com 
plexes (FIG. 7B). 
[0025] FIG. 8 illustrates RT-PCR assay of CT-26 colon 
adenocarcinoma cells after being transfected in vitro by 
PEACEzDOPE liposome/pmlL-12 complexes. 

DETAILED DESCRIPTION 

[0026] Before the present composition and method for 
delivery of a bioactive agent are disclosed and described, it 
is to be understood that this invention is not limited to the 
particular con?gurations, process steps, and materials dis 
closed herein as such con?gurations, process steps, and 
materials may vary someWhat. It is also to be understood 
that the terminology employed herein is used for the purpose 
of describing particular embodiments only and is not 
intended to be limiting since the scope of the present 
invention Will be limited only by the appended claims and 
equivalents thereof. 

[0027] It must be noted that, as used in this speci?cation 
and the appended claims, the singular forms “a,”“an,” and 
“the” include plural referents unless the context clearly 
dictates otherWise. Thus, for example, reference to a poly 
mer containing “a sugar” includes reference to tWo or more 
of such sugars, reference to “a ligand” includes reference to 
one or more of such ligands, and reference to “a drug” 
includes reference to tWo or more of such drugs. 

[0028] In describing and claiming the present invention, 
the folloWing terminology Will be used in accordance With 
the de?nitions set out beloW. 

[0029] “Transfecting” or “transfection” shall mean trans 
port of nucleic acids from the environment external to a cell 
to the internal cellular environment, With particular refer 
ence to the cytoplasm and/or cell nucleus. Without being 
bound by any particular theory, it is understood that nucleic 
acids may be delivered to cells either in forms or after being 
encapsulated Within or adhering to one or more cationic 
lipid/nucleic acid complexes or entrained thereWith. Particu 
lar transfecting instances deliver a nucleic acid to a cell 
nucleus. Nucleic acids include both DNA and RNA as Well 
as synthetic congeners thereof. Such nucleic acids include 
missense, antisense, nonsense, as Well as protein producing 
nucleotides, on and off and rate regulatory nucleotides that 
control protein and peptide, and nucleic acid production. In 
particular, but nonlimiting, they can be genomic DNA, 
cDNA, mRNA, tRNA, rRNA, hybrid sequences or synthetic 
or semi-synthetic sequences and of natural or arti?cial 
origin. In addition, the nucleic acid can be variable in siZe, 
ranging from oligonucleotides to chromosomes. These 
nucleic acids may be of human, animal, vegetable, bacterial, 
viral, and the like, origin. They may be obtained by any 
technique knoWn to a person skilled in the art. 

[0030] As used herein, the term “bioactive agent” or 
“drug” or any other similar term means any chemical or 
biological material or compound suitable for administration 
by the methods previously knoWn in the art and/or by the 
methods taught in the present invention that induce a desired 
biological or pharmacological effect, Which may include but 
is not limited to (1) having a prophylactic effect on the 
organism and preventing an undesired biological effect such 
as preventing an infection, (2) alleviating a condition caused 
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by a disease, for example, alleviating pain or in?ammation 
caused as a result of disease, and/or (3) either alleviating, 
reducing, or completely eliminating a disease from the 
organism. The effect may be local, such as providing for a 
local anaesthetic effect, or it may be systemic. 

[0031] This invention is not draWn to novel drugs or to 
neW classes of bioactive agents. Rather it is limited to the 
compositions and methods of delivery of genes or other 
bioactive agents that exist in the state of the art or that may 
later be established as active agents and that are suitable for 
delivery by the present invention. Such substances include 
broad classes of compounds normally delivered into the 
body. In general, this includes but not limited to: nucleic 
acids, such as DNA, RNA, and oligonucleotides., antiinfec 
tives such as antibiotics and antiviral agents; analgesics and 
analgesic combinations; anorexics; antihelminthics; antiar 
thritics; antiasthmatic agents; anticonvulsants; antidepres 
sants; antidiabetic agents; antidiarrheals; antihistamines; 
antiin?ammatory agents; antimigraine preparations; antin 
auseants; antineoplastics; antiparkinsonism drugs; antipru 
ritics; antipsychotics; antipyretics; antispasmodics; anticho 
linergics; sympathomimetics; xanthine derivatives; 
cardiovascular preparations including potassium, calcium 
channel blockers, beta-blockers, alpha-blockers, and antiar 
rhythmics; antihypertensives; diuretics and antidiuretics; 
vasodilators including general, coronary, peripheral and 
cerebral; central nervous system stimulants; vasoconstric 
tors; cough and cold preparations, including decongestants; 
hormones such as estradiol and other steroids including 
corticosteroids; hypnotics; immunosuppressives; muscle 
relaxants; parasympatholytics; psychostimulants; sedatives; 
and tranquiliZers. By the method of the present invention, 
drugs in all forms, eg ioniZed, nonioniZed, free base, acid 
addition salt, and the like may be delivered, as can drugs of 
either high or loW molecular Weight. 

[0032] As used herein, “effective amount” means an 
amount of a nucleic acid or a bioactive agent that is nontoxic 
but suf?cient to provide the desired local or systemic effect 
and performance at a reasonable risk/bene?t ratio that Would 
attend any medical treatment. 

[0033] As used herein, “peptide”, means peptides of any 
length and includes proteins. The terms “polypeptide” and 
“oligopeptide” are used herein Without any particular 
intended siZe limitation, unless a particular siZe is otherWise 
stated. Typical of peptides that can be utiliZed are those 
selected from the group consisting of oxytocin, vasopressin, 
adrenocorticotrophic hormone, epidermal groWth factor, 
prolactin, luliberin or luteinising hormone releasing hor 
mone, groWth hormone, groWth hormone releasing factor, 
insulin, somatostatin, glucagon, interferon, gastrin, tetragas 
trin, pentagastrin, urogastroine, secretin, calcitonin, 
enkephalins, endorphins, angiotensins, renin, bradykinin, 
bacitracins, polymixins, colistins, tyrocidin, grarnicidines, 
and synthetic analogues, modi?cations and pharmacologi 
cally active fragments thereof, monoclonal antibodies and 
soluble vaccines. The only limitation to the peptide or 
protein drug Which may be utiliZed is one of functionality. 

[0034] As used herein, a “derivative” of a carbohydrate 
includes, for example, an acid form of a sugar, e.g. glucu 
ronic acid; an amine of a sugar, e.g. galactosamine; a 
phosphate of a sugar, e.g. mannose-6-phosphate; and the 
like. 
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[0035] As used herein, a “liposome” means a microscopic 
vesicle composed of uni- or multilamllar bilayer or bilayers 
surrounding aqueous compartments. 

[0036] As used herein, “administering”, and similar terms 
means delivering the composition to the individual being 
treated such that the composition is capable of being circu 
lated systemically Where the composition binds to a target 
cell and is taken up by endocytosis. Thus, the composition 
is preferably administered to the individual systemically, 
typically by subcutaneous, intramuscular, intravenous, or 
intraperitoneal administration. Injectables for such use can 
be prepared in conventional forms, either as a liquid solution 
or suspension, or in a solid form that is suitable for prepa 
ration as a solution or suspension in a liquid prior to 
injection, or as an emulsion. Suitable eXcipients include, for 
eXample, Water, saline, deXtrose, glycerol, ethanol, and the 
like; and if desired, minor amounts of auXiliary substances 
such as Wetting or emulsifying agents, buffers, and the like 
can be added. 

[0037] Fundamental to the success of gene therapy is the 
development of gene delivery vehicles that are safe and 
ef?cacious after systemic administration. Many of the cat 
ionic lipids used in the early clinical trials, such as N[1-(2, 
3-dioleyloXy)propyl]-N,N, N-trimethylammonium chloride 
(DOTMA) and 3-[3(N, N“-dimethylaminoethane cabamoyl 
cholesterol) (DC-Chol) although eXhibiting ef?cient gene 
transfer in vitro, have been proven less efficient in gene 
transfer in animals. See. Felgner PL et. al Lipofection: A 
highly efficient, lipid-mediated DNA transfection procedure. 
Proc NatlAcad Sci USA 84: 7413-7417 (1987); and Gao, X. 
and Huang L. (1991) A novel cationic liposome reagent for 
efficient transfection of mammalian cells. Biochem. Biophys. 
Res. Commun. 179: 280-285. 

[0038] The general structure of a cationic lipid has three 
parts: a hydrophobic lipid anchor; Which helps in forming 
liposomes (or micellar structures) and interacts With cell 
membranes; (ii) a linker group; and (iii) a positively charged 
head-group, Which interacts With the plasmid, leading to its 
condensation. Many compounds bearing either a single 
tertiary or quaternary ammonium head-group or Which con 
tain protonatable polyamines linked to dialkyl lipid or 
cholesterol anchors have been used for transfection into 
various cell types. The orientation of the polyamine head 
group in relation to the lipid anchor has been shoWn to 
greatly in?uence the transfection efficiency. Conjugation of 
spermine or spermidine head-groups to the cholesterol lipid 
anchor via a carbamate linkage through a secondary amine 
to generate T-shape cationic lipids has been shoWn to be very 
effective in gene transfer to the lung. In contrast, the 
generation of a linear polyamine lipid by conjugating sper 
mine or spermidine to cholesterol or a dialkyl lipid anchor 
Was much less effective in gene transfer. 

[0039] A cationic lipid Which contains three protonatable 
amines in its head-group has been shoWn to be more active 
than DC-Cholesterol, Which contains only one protonatable 
amine. In addition to the number of protonatable amines, the 
choice of the linker group bridging the hydrophobic lipid 
anchor With the cationic head-group has also been shoWn to 
in?uence gene transfer activity. Substitution of the carbam 
ate linker With either urea, an amide or amine, resulted in 
appreciable loss of transfection activity. PEI has been shoWn 
to be highly effective in gene transfer, Which is dependent on 
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its molecular Weight and charge ratio. HoWever, high 
molecular Weight PEI is very toXic to the cells and tissues. 

[0040] The biodegradable cationic lipopolymer of the 
present invention comprises a branched polyethylenimine 
(PEI), a cholesterol derived lipid anchor, and a biodegrad 
able linker Which covalently links the branched PEI and 
cholesterol derived lipid anchor. Preferably, the average 
molecular Weight of the branched PEI is Within a range of 
600 to 25,000 Daltons. The branched PEI is preferably 
conjugated to the cholesterol derivative by an ester bond. 
One eXample of such a novel lipolymer is poly{(ethylene 
imine)-co-[N-2-aminoehtyl) ethylene imine]-co-[N-(N-cho 
lesteryloXycabonyl-(2-aminoethyl))ethylene imine]} (here 
after as “PEACE”). Primary, secondary and tertiary amines 
of PEI contained in PEACE provide sufficient positive 
charges for adequate DNA condensation. The linkage 
betWeen the polar head group and hydrophobic lipid anchor 
is biodegradable and yet strong enough to survive in a 
biological environment. The ester linkage betWeen the cho 
lesterol lipid anchor and polyethyleneimine provides for the 
biodegradability of the lipolymer and the relatively loW 
molecular Weight branched PEI signi?cantly decreases the 
toXicity of the lipopolymer. Although a cholesterol derived 
lipid anchor is preferred in the present invention, other 
lipophilic moieties may also be used, such as C12 to C18 
saturated or unsaturated fatty acids. 

[0041] The biodegradable cationic lipopolymer of the 
present invention, such as PEACE, has amine group(s) 
Which are electrostatically attracted to polyanionic com 
pounds such as nucleic acids. The cationic lipopolymer or 
cationic liposome of the present invention condenses DNA, 
for eXample, into compact structures. Upon administration, 
such complexes of these cationic lipopolymers and nucleic 
acids are internaliZed into cells through receptor mediated 
endocytosis. In addition, the lipophilic group of the 
lipopolymer or liposome alloWs the insertion of the cationic 
amphiphile into the membrane or liposome of the cell and 
serves as an anchor for the cationic amine group to attach to 
the surface of a cell. The lipopolymers of the present 
invention have both highly charged positive group(s) and 
hydrophilic group(s), Which greatly enhances cellular and 
tissue uptake in the delivery of genes, drugs, and other 
bioactive agents. In addition, using relatively loW molecular 
Weight branched PEI reduces the potential cytotoXicity of 
the polymer and increases transfection efficiency. 

[0042] Stability of condensed nucleic acids in physiologi 
cal conditions is one of the major hurdles for their use in 
clinics. The other major limitation to the use of condensed 
nucleic acids in vivo is their tendency to interact With serum 
proteins, resulting in destabiliZation and rapid clearance by 
the reticuloendothelial cells folloWing intravenous adminis 
tration. The compatibility and solubility of cationic 
lipopolymer can be improved by conjugating With hydro 
philic non-toxic polymers like poly(ethylene glycol (PEG). 
PEG is an FDA-approved polymer knoWn to inhibit the 
immunogenicity of molecules to Which it is attached. PEGy 
lation covers the condensed DNA particles With a “shell” of 
PEG; stabiliZes nucleic acids against aggregation in physi 
ological salt; decreases recognition of the cationic lipopoly 
mer by the immune system; and sloWs their breakdoWn by 
the nucleases after in vivo administration. Therefore, 
another embodiment of the present invention is PEGylated 
lipopolymer comprising a branched polyethylenimine (PEI), 
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a cholesterol derived lipid anchor, a PEG as a spacer 
between the cholesterol derived lipid anchor and the 
branched PEI, and a biodegradable linker Which covalently 
links the branched PEI, the PEG spacer, and the cholesterol 
derived lipid anchor. Preferably, the average molecular 
Weight of PEG is Within a range of 0.5 to 20K Daltons and 
more preferably Within a range of 0.5 to 5K Daltons. 

[0043] The amine groups on the branched PEI can also be 
conjugated either directly to the amine groups or via spacer 
molecules, With targeting ligands and the like. Preferably, 
only a portion of the available amine groups are coupled to 
the ligand or spacer/ligand such that the net charge of the 
lipopolymer is positive. The target ligands conjugated to the 
lipopolymer direct the lipopolymer-nucleic acid/drug com 
plex to bind to speci?c target cells and penetrate into such 
cells (tumor cells, liver cells, heamatopoietic cells, and the 
like). The target ligands can also be an intraellular targeting 
element, enabling the transfer of the nucleic acid/drug to be 
guided toWards certain favored cellular compartments 
(mitochondria, nucleus, and the like). In a preferred embodi 
ment, the ligands can be sugar moieties coupled to the amino 
groups. Such sugar moieties are preferably mono- or oligo 
saccharides, such as galactose, glucose, fucose, fructose, 
lactose, sucrose, mannose, cellobiose, nytrose, triose, dex 
trose, trehalose, maltose, galactosamine, glucosamine, 
galacturonic acid, glucuronic acid, and gluconic acid. 

[0044] The conjugation of an acid derivative of a sugar 
With the cationic lipid is most preferred. In a preferred 
embodiment of the present invention, lactobionic acid (4-O 
[3-D-galactopyranosyl-D-gluconic acid) is coupled to the 
lipopolymer. The galactosyl unit of lactose provides a con 
venient targeting molecule for hepatocyte cells because of 
the high affinity and avidity of the galactose receptor on 
these cells. 

[0045] Other types of ligands that can be used include 
peptides such as antibodies or antibody fragments, cell 
receptors, groWth factor receptors, cytokine receptors, trans 
ferrin, epidermal groWth factor (EGF), insulin, asialooroso 
mucoid, mannose-6-phosphate (monocytes), mannose (mac 
rophage, some B cells), I?WISX and sialyl LeWisX 
(endothelial cells), N-acetyllactosamine (T cells), galactose 
(colon carcinoma cells), and thrombomodulin (mouse lung 
endothelial cells), fusogenic agents such as polymixin B and 
hemaglutinin HA2, lysosomotrophic agents, nucleus local 
iZation signals (NLS) such as T-antigen, and the like. 

[0046] An advantage of the present invention is that it 
provides a gene carrier Wherein the particle siZe and charge 
density are easily controlled. Control of particle siZe is 
crucial for optimiZation of a gene delivery system because 
the particle siZe often governs the transfection efficiency, 
cytotoxicity, and tissue targeting in vivo. In general, in order 
to enable its effective penetration into tissue, the siZe of a 
gene delivery particle should not exceed the siZe of a virus. 
In the present invention, the particle siZe can be varied by 
using different numbers of lysinamide linked to the choles 
terol, Which in turn determines the particle siZe of the 
nucleic acid complex. 

[0047] In a preferred embodiment of the invention, the 
particle siZes Will range from about 80 to 200 nm depending 
on the cationic lipopolymer composition and the mixing 
ratio of the components. It is knoWn that particles, nano 
spheres, and microspheres of different siZes When injected 
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accumulate in different organs of the body depending on the 
siZe of the particles injected. For example, particles of less 
than 150 nm diameter can pass through the sinusoidal 
fenestrations of the liver endothelium and become localiZed, 
in the spleen, bone marroW, and possibly tumor tissue after 
systemic administration. 

[0048] Intravenous, intra-arterial, or intraperitoneal injec 
tion of particles approximately 0.1 to 2.0 pm diameter leads 
to rapid clearance of the particles from the blood stream by 
macrophages of the reticuloendothelial system. The novel 
cationic lipopolymers of the present invention can be used to 
manufacture dispersions of controlled particle siZe, Which 
can be organ-targeted in the manner described herein. 

[0049] It is believed that the presently claimed composi 
tion is effective in delivering, by endocytosis, a selected 
nucleic acid into hepatocytes mediated by galactosyl recep 
tors on the surface of hepatocyte cells. Nucleic acid transfer 
to other cells can be carried out by matching a cell having 
a selected receptor thereof With a selected sugar. For 
example, the carbohydrate-conjugated cationic lipids of the 
present invention can be prepared from mannose for trans 
fecting macrophages, from N-acetyllactosamine for trans 
fecting T cells, and galactose for transfecting colon carci 
noma cells. 

[0050] The cationic lipopolymer of the present invention 
provides a highly positively charged cationic lipid Which is 
biodegradable and amphiphilic, namely hydrophilic 
branched PEI and hydrophobic cholesterol derivatives, 
Where the hydrophilic polycation PEI complexes With nega 
tively charged nucleic acids or other bioactive agents and 
increases the cellular uptake of drug-loaded cationic lipids. 
The hydrophilic group can be branched PEI Where the 
average molecular Weight of the branched PEI is Within a 
range of 600 to 25,000 Daltons. The hydrophobic group is 
preferably a cholesterol or its derivative. The branched PEI 
is preferably conjugated With the cholesterol derivative by 
an ester bond. The molar ratio of the branched PEI to the 
conjugated cholesterol derivative is preferably Within a 
range of 1:1 to 1:20. 

[0051] By adjusting the molecular Weight of the branched 
PEI and the molar ratio of the branched PEI to the conju 
gated cholesterol derivative, the resultant lipolymer can be 
either Water soluble or Water insoluble. For example, to 
obtain a Water soluble lipopolymer of the present invention, 
the average molecular Weight of the branched PEI is pref 
erably Within a range of 1800 to 25000, and the molar ratio 
of the branched PEI to the conjugated cholesterol derivative 
is preferably Within a range of 1:1 to 1:5. To obtain a Water 
insoluble lipopolymer of the present invention, the average 
molecular Weight of the branched PEI is preferably Within a 
range of 600 to 1800, and the molar ratio of the branched 
PEI to the conjugated cholesterol derivative is preferably 
Within a range of 1:1 to 1:2. 

[0052] The Water soluable cationic lipopolymers are dis 
persible in Water and form cationic micelles and can there 
fore be used to manufacture sustained release formulations 
of drugs Without requiring the use of high temperatures or 
extremes of pH, and, for Water-soluble drugs such as 
polypeptides and oligonucleotides, Without exposing of the 
drug to organic solvents during formulations. Such biode 
gradable cationic lipopolymers are also useful for the manu 
facture of sustained, continuous release injectable formula 
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tions of drugs. They can act as very ef?cient dispersing 
agents and can be administered by injection to give sus 
tained release of lipophilic drugs. 

[0053] In addition, the Water insoluble lipopolymers of the 
invention can be used alone, or preferably, in a mixture With 
a helper lipid in the form of cationic liposome formulations 
for gene delivery to particular organs of the human or animal 
body. The use of a neutral helper lipids is especially advan 
tageous When the charge ratio (amines/phosphates) is loW. 
Preferably the helper lipid is a member selected from the 
group consisting of dioleoylphosphatidylethanolamine 
(DOPE), oleoylpalmitoylphosphatidylethanolamin (POPE), 
diphytanoylphosphatidylethanolamin (diphytanoyl PE), dis 
teroyl-, -palmitoyl-, and -myristoylphosphatidylethano 
lamine as Well as their 1- to 3-fold N-methylated derivatives. 
Preferably, the molar ratio of the lipopolymer and the helper 
lipid is Within a range of 4:1 to 1:2 and more preferably 
Within a range of 2:1 to 1:1. To optimaZe the transfection 
ef?ciency of the present compositions, it is preferred to use 
Water as the excipient and diphytanoyl PE as the helper lipid. 
In addition, the charge ratio (+/—) is preferably 5/1 to 1/1 for 
systemic delivery and 3/1 to 0.5/1 for local delivery. This 
ratio may be changed by a person skilled in the art in 
accordance With the polymer used, the presence of an 
adjuvant, the nucleic acid, the target cell and the mode of the 
administration used. 

[0054] Liposomes haves been used successfully With a 
number of cell types that are normally resistant to transfec 
tion by other procedures. Liposomes have been used effec 
tively to introduce genes, drugs, radiotherapeutic agents, 
enZymes, viruses, transcription factors, and allosteric effec 
tors into a variety of cultured cell lines and animals. In 
addition, several studies suggest that the use of liposomes is 
not associated With autoimmune responses, toxicity or 
gonadal localiZation after systemic delivery. See, Nabel et al. 
Gene transfer in vivo With DNA-liposome complexes, 
Human Gene Ther., 3:649-656, 1992b. 

[0055] Since cationic liposomes and micelles are knoWn to 
be good for intracellular delivery of substances other than 
nucleic acids, the cationic liposomes or micelles formed by 
the cationic lipopolymers of the present invention can be 
used for the cellular delivery of substances other than 
nucleic acids, such as, for example, proteins and various 
pharmaceutical or bioactive agents. The present invention 
therefore provides methods for treating various disease 
states, so long as the treatment involves transfer of material 
into cells. In particular, treating the folloWing disease states 
is included Within the scope of this invention: cancers, 
infectious diseases, in?ammatory diseases and genetic 
hereditary diseases. 

[0056] The cationic lipopolymer of the present invention, 
having improved cellular binding and uptake of the bioac 
tive agent to be delivered, is directed to overcome the 
problems associated With knoWn cationic lipids, as set forth 
above. For example, the biodegradable cationic lipopolymer 
PEACE is easily hydrolyZed or converted to PEI and cho 
lesterol in the body. Due to its loW molecular Weight, PEI 
Will easily be released from circulation, Where cholesterol is 
naturally occurring molecule. The degradation products are 
small, non-toxic molecules, that are subject to renal excre 
tion and are inert during the period required for gene 
expression. Degradation is by simple hydrolytic and/or 
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enZymatic reaction. EnZymatic degradation may be signi? 
cant in certain organelles, such as lysosomes. The time 
needed for degradation can vary from days to months 
depending on the molecular Weight and modi?cations made 
to the cationic lipids. 

[0057] Furthermore, nanoparticles or microsphere com 
plexes can be formed from the cationic lipopolymer of the 
present invention and nucleic acids or other negatively 
charged bioactive agents by simple mixing. The lipophilic 
group (cholesterol derivative) of the cationic lipopolymer of 
the present invention alloWs for the insertion of the cationic 
amphiphile into the membrane of the cell. It serves as an 
anchor for the cationic amine group to attach to the surface 
of a cell, Which enhances uptake of the cationic carrier/ 
nucleic acid complex by the cell to be transfected. Therefore, 
the cationic gene carrier of the present invention provides 
improved transfection ef?ciency both in vitro and in vivo, 
compared to knoWn cationic gene carriers. 

[0058] The folloWing examples Will enable those skilled in 
the art to more clearly understand hoW to practice the present 
invention. It is to be understood that, While the invention has 
been described in conjunction With the preferred speci?c 
embodiments thereof, that Which folloWs is intended to 
illustrate and not limit the scope of the invention. Other 
aspects of the invention Will be apparent to those skilled in 
the art to Which the invention pertains. 

[0059] The folloWing is the general disclosure of the 
sources of all the chemical compounds and reagents used in 
the experiments. 

[0060] Polyethyleneimine (PEI) of 600, 1200 and 1800 Da 
Was purchased from Polysciences, Inc. (Warrington, PN); 
cholesteryl chloroformate Was purchased from Aldrich, Inc. 
(MilWaukee, Wis.); 2-dioleoyl-sn-glycero-3-phosphoetha 
nolamine (DOPE) Was purchased from Avanti Polar Lipids 
(Alabaster, Ala.). Triethylamine (TEA); anhydrous methyl 
ene chloride; chloroform; ethyl ether, and acetone Were 
purchased from Sigma (St. Louis, Mo.). 

EXAMPLE 1 

Synthesis of Water-Insoluble PEACE 

[0061] This example illustrates the preparation of Water 
insoluble PEACE. 

[0062] One gram of PEI (MW:1200 Daltons) Was dis 
solved in a mixture of 15 mL anhydrous methylene chloride 
and 100 pl triethylamine (TEA). After stirring on ice for 30 
minutes, 1.2 g of cholesteryl chloroformate solution Was 
sloWly added to the PEI solution and the mixture Was stirred 
overnight on ice. The resulting product (PEACE) Was pre 
cipitated by adding ethyl ether folloWed by centrifugation 
and subsequent Washing With additional ethyl ether and 
acetone. PEACE Was dissolved in chloroform for a ?nal 
concentration of 0.08 g/mL. A schematic of the above 
reaction is presented in FIG. 1. FolloWing synthesis and 
puri?cation, PEACE Was characteriZed using MALDI 
TOFF MS and 1H NMR. 

[0063] The NMR results of Water insoluble PEACE 1200 
are as folloWs: as illustrated in FIG. 2A, 1H NMR (200 
MHZ, CDCl3), 6 0.6 (3 H of CH3 from cholesterol); 6 2.5 
(230 H of —NHCH2CH2— from the backbone of PED; 6 
3.1 (72 H of =N—CH2CH2—NH2 from the side chain of 














