
WO 01/15755 PCT/SGOO/00130  METHODS AND COMPOSITIONS FOR DELIVERY OF
PHARMACEUTICAL AGENTS  CROSS-REFERENCE TO RELATED APPLICATIONS 5 This
application claims priority to Australian Provisional Application  No.
PQ2593/99, the entire contents of which are hereby incorporated by
reference. TECHNICAL FIELD 10 The present invention generally relates to
the delivery of  pharmaceutical agents into cells, particularly the
delivery of polynucleotides  into cells by non-viral methods, either in
vitro or in vivo. The present  invention further relates to delivery of
pharmaceutical agents for the  treatment of cancer, in particular the
treatment of bladder cancer. 15 BACKGROUND OF THE INVENTION Despite many
recent advances in gene therapy methods, effective  therapeutic delivery of
genes into various cell types, in particular in vivo  delivery, has not
been achieved simply because methods are not available to 20 cause delivery
of therapeutically effective amounts of such genes into the  particular
cells of a patient in need of treatment. Efficient delivery of
therapeutically sufficient amounts of genes, as well as other therapeutic
molecules, often has proved difficult, if not impossible, since, for
example,  the cell membrane presents a selectively-permeable barrier.
Additionally, 25 even when genes, or other biologically active molecules,
successfully enter  targeted cells, they may be degraded, inappropriately
transported or, in the  case of genes, may fail to be transcribed properly.
One example of a target cell type for which effective delivery  methods, in
particular for gene therapy, are lacking is the urothelial cells of  30 the
bladder. Such methods would be particularly useful in the treatment of
bladder cancer. Despite advances in endoscopic and intravesical WO 01/15755
PCT/SGOO/00130  



chemotherapeutic procedures, superficial bladder cancer still has a high
recurrence and progression rate (Nseyo UO, Lamm DL. (1996) Semin. Oncol.
5:598-604). Currently, the most successful treatment involves  weekly
instillation of `live' Bacillus Calmette-Guerin (BCG) into the 5 bladder
for two hours (Morales, A. et al. (1976) J. Urol., 116: 180-183;  Brosman,
S.A. (1992) Urol. Clin. North Am., 19:557-564). Although  effective, with
routine response rates of 60-70%, side effects such as  dysuria,
haematuria, frequency and cystitis are common and sometimes  severe (Lamm,
D.L. (1992) Urol. Clin. North Am., 19:565-572). Moreover, 10 a significant
number of patients do not respond to BCG therapy and toxicity  is common.
Exploration of the mechanism of BCG activation of the  immune response has
resulted in the identification of cytokines, co- stimulatory molecules and
adhesion molecules which play important roles in facilitating the cytotoxic
response against tumors (Taniguchi, K. et al. 15 (1999) Clin. Exp.
Immunol., 115:131-5, 1999; Patard, J.J. et al. (1998) Urol.  Res.,
26:155-9; Kurisu, K. et al. (1994) Cancer Immunol. Immunother,  39:249-53;
Sander, B. et al. (1996) J. Urology, 156:536-41; Chow, N.H. et  al. (1998)
Urology, 52:1015-9; Jackson, A.M. et al. (1995) Clin. Exp.  Immunol.,
99:369-75). 20 Superficial bladder cancers have some features that make
them  particularly attractive for in vivo gene therapy namely that tumors
are often  localized and therapeutic genes can be placed in direct contact
with the  tumor through simple intravesical administration. Further, the
response of  the tumor to treatment can be easily determined with
cystoscopy and urine 25 cytology. One of the major obstacles to the
successful transfection of the  transitional cell epithelia is the presence
of a glycosaminoglycan layer,  which may act as a significant barrier to
the uptake of DNA complexes  (Ruponen, M. et al. (1999) Biochim. Biophys.
Acta, 1415: 331-41). Viral expression vectors have been used to introduce
specific genes  30 locally to the bladder (Sutton, M.A. et al. (1997)
Urology, 49: 173-80; Lee,  S.S. et al. (1994) Cancer Res., 54:3325-8).
However, viral vectors have a  



number of limitations in a clinical setting such as immunogenicity and 2 WO
01115755 PCT/SGOO/00130  safety. A recent study by Li et al. has questioned
the effectiveness of  adenovirus-based gene therapy for bladder cancer
owing to the differences in viral receptor levels observed in human bladder
cancer cell lines (Li, Y. et  al. (1999) Cancer Res., 59:325-30). 5 An
alternative method of gene therapy involves liposome-mediated  delivery of
DNA into cells. The advantage of a non-viral system is that it is  not
receptor dependent and should therefore be applicable to all tumors.
Brigham et al. first reported delivery of DNA into tissues using cationic
liposomes (Brigham, K.L. et al. (1989) Am. J. Med. Sci., 268:278-81). 10
Since then cationic lipids have been shown to be efficient carriers for
localized and systemic delivery of DNA to tissues in vivo (Plautz, G.E. et
al.  (1993) Proc. Natl. Acad. Sci. USA, 30:4645-9; Nabel, G.J. et al.
(1993)  Proc. Natl. Acad. Sci. USA, 90:11307-11; Zhu, N. et al. (1993)
Science,  261:209-11). Cationic liposomes have a number of important
advantages 15 over viral gene delivery systems in the clinical setting.
These include the  ability to use a range of gene constructs from simple
plasmids to  chomosomal fragments and fewer safety concerns. Their
principal  disadvantage, however, is their relatively low transfection
efficiency when  compared to viral techniques. 20 Accordingly, methods for
increasing transfection efficiencies,  particularly of urothelial cells,
are still needed, as are general methods for  delivering pharmaceutical
agents to the bladder. SUMMARY OF THE INVENTION 25 This invention provides
improved methods for delivering  pharmaceutical agents, in particular
polynucleotides, into cells, in particular  uroepithelial cells. It has now
been found that use of solubilized cholesterol  as an additive can enhance
the transfection efficiency of DNA complexed  with a cationic lipid, a
cationic polymer or a dendrimer. Preferably, the 



30 cholesterol is solubilized using a cyclodextrin, preferably methyl-(3-
cyclodextrin. Although particularly preferred for transfection of
urothelial  cells either in vitro or in vivo, the transfection methods of
the invention can  3 WO 01115755 PCT/SG00/00130  be applied to the
transfection of a variety of other cells types. Moreover, the  enhancing
effect of solubilized cholesterol on entry of DNA complexed with  either a
cationic lipid, a cationic polymer or a dendrimer into urothelial cells can
be applied to the delivery of other types of pharmaceutical agents into  5
urothelial cells, either in vitro or in vivo by intravesicular delivery.
Accordingly, in one aspect, the invention provides a method for
transfecting one or more polynucleotides into cells. The method involves
combining (i) the polynucleotide(s) with (ii) a cationic lipid, a cationic
polymer or a dendrimer, or combinations thereof, and (iii) a solubilized 10
cholesterol preparation to form a transfection composition, and applying
the  transfection composition to cells, such that the cells are transfected
with the  polynucleotide(s). Preferably, the solubilized cholesterol
preparation  comprises cholesterol solubilized with a cyclodextrin.
Preferably, the  cyclodextrin is methyl-p-cyclodextrin. Other suitable
cyclodextrins include 15 alpha-cyclodextrin, beta-cyclodextrin,
gamma-cyclodextrin, sulfated beta- cyclodextrin, tertiary amine
beta-cyclodextrin, quaternary amine beta- cyclodextrin,
2-hydroxypropyl-beta-cyclodextrin, 2,6-di-O-methyl-beta- cyclodextrin,
hydroxyethyl-beta-cyclodextrin, 6-deoxy-6-S-beta-D-
galactopyranosyl-6-thio-cyclomalto-heptaose, sulfobutylether-beta 20
cyclodextrin, carboxymethyl-beta-cyclodextrin, carboxymethyl-ethyl-beta-
cyclodextrin, diethyl-beta-cyclodextrin, dimethyl-beta-cyclodextrin, random
methyl-beta-cyclodextrin, glucosyl-beta-cyclodextrin and maltosyl-beta-
cyclodextrin. A preferred cationic lipid is DOTAP, whereas a preferred
dendrimer is Superfect. Other suitable cationic lipids and dendrimers 25
include DOPE, DOTMA, DOGS, DODAB, DODAC, DOSPA, DC-Chol,  DOIC, DOPC,
DMRIE, PAMAM, polylysine, polyhistidine, polyarginine,  



po]yethyleneimine, poly(4-vinylpyridine), poly(vinylamine), poly(4-vinyl-
N-alkyl pyridinium halide), or combinations thereof. The method can be
used to transfect a variety of polynucleotides, such as plasmid DNA, viral
30 DNA, chromosomal fragments, antisense oligonucleotides, antisense
phosphorothioate oligonucleotides, RNA molecules and ribozymes, or
combinations thereof. 4 WO 01/15755 PCT/SG00/00130  The transfection
methods of the invention are preferably used with eukaryotic cells, more
preferably mammalian cells and even more  preferably urothelial cells. The
transfection methods can be performed in  vitro, e.g., wherein the
transfection composition is applied to cells in culture. 5 Alternatively,
the methods can be performed in vivo by applying the  transfection
composition to cells in vivo. In a preferred embodiment, the  transfection
composition is applied to urothelial cells in vivo by intravesical
delivery to a bladder of a subject. In another aspect, the invention
provides a method for delivering a  10 pharmaceutical agent into urothelial
cells of a subject. The method involves  combining the pharmaceutical agent
with a solubilized cholesterol  preparation to form a pharmaceutical
composition, and delivering the  pharmaceutical composition
intravesicularly into the bladder of the subject,  such that the
pharmaceutical agent is delivered into urothelial cells of the 15 subject.
Preferably, the solubilized cholesterol preparation comprises  cholesterol
solubilized with a cyclodextrin. Preferably, the cyclodextrin is
methyl-3-cyclodextrin. Other suitable cyclodextrins include alpha-
cyclodextrin, beta-cyclodextrin, gamma-cyclodextrin, sulfated beta-
cyclodextrin, tertiary amine beta-cyclodextrin, quaternary amine beta 20
cyclodextrin, 2-hydroxypropyl-beta-cyclodextrin, 2,6-di-O-methyl-beta-
cyclodextrin, hydroxyethyl-beta-cyclodextrin, 6-deoxy-6-S-beta-D-
galactopyranosyl-6-thio-cyclomalto-heptaose, sulfobutylether-beta-
cyclodextrin, carboxymethyl-beta-cyclodextrin, carboxymethyl-ethyl-beta 



cyclodextrin, diethyl-beta-cyclodextrin, dimethyl-beta-cyclodextrin, random
25 methyl-beta-cyclodextrin, glucosyl-beta-cyclodextrin and maltosyl-beta-
cyclodextrin. In a preferred embodiment, the pharmaceutical agent
comprises (i) at least one polynucleotide and (ii) a cationic lipid, a
cationic  polymer or a dendrimer, or combinations thereof. Yet another
aspect of the invention pertains to a method for treating  30 bladder
cancer in a subject. The method involves combining a  pharmaceutical agent
with a solubilized cholesterol preparation to form a  therapeutic
composition, wherein the pharmaceutical agent has anti-cancer 5 WO 01/15755
PCT/SGOO/00130  activity against bladder cancer cells, and delivering the
therapeutic composition intravesicularly into the bladder of a subject,
such that bladder  cancer cells of the subject are treated with the
pharmaceutical agent.  Preferably, the solubilized cholesterol preparation
comprises cholesterol 5 solubilized with a cyclodextrin. Preferably, the
cyclodextrin is methyl-f3- cyclodextrin. Other suitable cyclodextrins
include alpha-cyclodextrin, beta- cyclodextrin, gamma-cyclodextrin,
sulfated beta-cyclodextrin, tertiary  amine beta-cyclodextrin, quaternary
amine beta-cyclodextrin, 2- hydroxypropyl-beta-cyclodextrin,
2,6-di-O-methyl-beta-cyclodextrin, 10 hydroxyethyl-beta-cyclodextrin,
6-deoxy-6-S-beta-D-galactopyranosyl-6- thio-cyclomalto-heptaose,
sulfobutylether-beta-cyclodextrin,  carboxymethyl-beta-cyclodextrin,
carboxymethyl-ethyl-beta-cyclodextrin,  diethyl-beta-cyclodextrin,
dimethyl-beta-cyclodextrin, random methyl-beta- cyclodextrin,
glucosyl-beta-cyclodextrin and maltosyl-beta-cyclodextrin. 15 A preferred
pharmaceutical agent for treating bladder cancer  comprises at least one
polynucleotide and either a cationic lipid, a cationic  polymer or a
dendrimer, wherein the polynucleotide(s) imparts anti-cancer  activity. For
example, the polynucleotide(s) can comprise at least one  expression vector
encoding a protein selected from the group consisting of 20 interleukins,
interferons, colony stimulating factors, anti-angiogenic factors,  



anti-metastatic factors, membrane receptors and tumor suppressors.
Preferred proteins include interleukin-1 (IL-1), interleukin-2 (1L-2),
interleukin-6 (1L-6), interleukin-9 (IL-9), interleukin-11 (IL-11),
interleukin- 12 (IL- 12), interleukin- 13 (IL- 13), interleukin- 18 (IL-
18), 25 interferon-a, interferon-f, interferon-y, granulocyte-macrophage
colony  stimulating factor (GMCSF), granulocyte colony stimulating factor
(GCSF),  macrophage colony stimulating factor (MCSF), heat shock protein
(HSP),  p53, anti-angiogenic factors, e.g., antagonists of vascular
endothelial cell  growth factor (VEGF) such as antisense molecules,
anti-metastatic factors, 30 e.g., tissue inhibitors of metalloproteinases
(TIMPs), and factors that  increase BCG activity, such as fibronectin
receptors. Particularly preferred  proteins include IL-2, GMCSF and
interferon-y, and combinations thereof.  6 WO 01/15755 POT/SG00/00130  The
method of the invention for treating bladder cancer also can involve
performing an additional anti-bladder cancer treatment on the  subject. For
example, a preferred additional anti-bladder cancer treatment  that can be
combined with the treatment method of the invention is Bacillus  5
Calmette-Guerin (BCG) therapy. Still another aspect of the invention
pertains to transfection  compositions. The invention provides a
transfection composition  comprising: at least one polynucleotide; either a
cationic lipid, a cationic polymer or a dendrimer; and a solubilized
cholesterol preparation. 10 Preferably, the solubilized cholesterol
preparation comprises cholesterol  solubilized with a cyclodextrin.
Preferably, the cyclodextrin is methyl-p- cyclodextrin. Other suitable
cyclodextrins include alpha-cyclodextrin, beta- cyclodextrin,
gamma-cyclodextrin, sulfated beta-cyclodextrin, tertiary  amine
beta-cyclodextrin, quaternary amine beta-cyclodextrin, 2 15
hydroxypropyl-beta-cyclodextrin, 2,6-di-O-methyl-beta-cyclodextrin,
hydroxyethyl-beta-cyclodextrin, 6-deoxy-6-S-beta-D-galactopyranosyl-6-
thio-cyclomalto-heptaose, sulfobutylether-beta-cyclodextrin,  



carboxymethyl-beta-cyclodextrin, carboxymethyl-ethyl-beta-cyclodextrin,
diethyl-beta-cyclodextrin, dimethyl-beta-cyclodextrin, random methyl-beta
20 cyclodextrin, glucosyl-beta-cyclodextrin and maltosyl-beta-cyclodextrin.
A  preferred cationic lipid is DOTAP, whereas a preferred dendrimer is
Superfect. Other suitable cationic lipids and dendrimers include DOPE,
DOTMA, DOGS, DODAB, DODAC, DOSPA, DC-Chol, DOIC, DOPC,  DMR.IE, PAMAM,
polylysine, polyhistidine, polyarginine, 25 polyethyleneimine,
poly(4-vinylpyridine), poly(vinylamine), poly(4-vinyl- N-alkyl pyridinium
halide), or combinations thereof. The transfection  composition can
comprise one or more of a variety of polynucleotides, such  as plasmid DNA,
viral DNA, chromosomal fragments, antisense  oligonucleotides, antisense
phosphorothioate oligonucleotides, RNA 30 molecules and ribozymes, or
combinations thereof.  7 WO 01/15755 PCT/SG00/00130  BRIEF DESCRIPTION OF
THE DRAWINGS Figures IA-IC are photographs of either untransfected cells or
cells 5 transfected with DOTAP or DMBC, comparing the level of expression
of  the pCMVLacZ reporter plasmid. Untransfected cells (Figure IA) did not
stain with X-gal. A few cells were transfected with pCMV1acZ/DOTAP and
these stained positive with X-gal (Figure 1B). Transfection with
pCMViacZ/DMBC resulted in an increase in the number of X-gal positive 10
cells(Figure 1 Q. Thus, transfection efficiency increased following the
addition of methyl-(3-cyclodextrin containing cholesterol (MBC) to DOTAP
(D). Figure 1 D is a bar graph showing the effect of MBC on conventional 15
transfection agents. Cells transfected with DOTAP+ methyl-p-cyclodextrin
containing cholesterol (DMBC) or Superfect + methyl-(3-cyclodextrin
containing cholesterol (SMBC) showed an increase in the number of cells
staining positive for R-gal activity compared to DOTAP or Superfect alone.
MBC did not enhance the uptake of naked DNA. 



20 Figure lE is a bar graph showing a comparison of the transfection
efficiency of DMBC and conventional DOTAP:cholesterol (AVDC).
Untransfected cells (CON) showed no j3-gal activity as measured by the
optical density at 420nm. AVDC was able to transfect Cos-7 cells but did 25
not transfect MB49 cells efficiently. In contrast DMBC was able to
transfect MB49 cells and enhance transfection efficiency in Cos-7 cells.
Figures 2A-2B are bar graphs showing expression of the pCMVLacZ  gene with
time. n-gal activity was seen as early as one hour after 30 transfection
and steadily increased up to 48 h (Figure 2A). Cells were  transfected as
described in the Examples section and assayed for n-gal  8 WO 01115755 PC
ISG00/00130  activity using the ONPG assay after 2, 4, 6, 8 and 12 days.
P-gal expression  was much lower at 12 days (Figure 2B). Figures 3A-3B
demonstrate DNA internalization by cells exposed to  5 either DOTAP (D) or
DMBC. The presence of the LacZ gene was  determined for untransfected and
transfected cells using PCR (Figure 3A).  GADPH was used as a positive
control. The expression of the LacZ gene  relative to GAPDH was determined
by densitometric scanning of the PCR  products after agarose gel
electrophoresis (Figure 3B). 10 Figures 4A-4B demonstrate localisation of
plasmid DNA by PCR.  Figure 4A shows PCR amplification products. The lacZ
gene was found in  both the nuclear (N) and cytoplasmic (CY) fractions of
cells transfected  with DMBC but only in the cytoplasmic fraction for cells
transfected with 15 DOTAP (D). Figure 4B shows a densitometric analysis of
nuclear (N) and  cytoplasmic (CY) fractions relative to GADPH. Figures
5A-5B are bar graphs showing antiproliferative effect of the  DNA:DMBC
complex. The antiproliferative effect of the following agents;  20 DM
BC/DNA, DOTAP(D)/DNA, DNA, DMBC, DOTAP(D) and MBC 



were compared to untreated MB49 cells (CON) after a 2h (Figure 5A) and  24h
(Figure 5B) exposure. The relative antiproliferative effect was  determined
48h later by comparing the incorporation of ['4Cj-thymidine in  transfected
and untransfected cells. 25 Figures 6A-6B are photographs showing
transfection of urothelial cells  in viva. Transfected bladders were
harvested 2 days later and stained for - galactosidase activity. The
untransfected bladder was used as a negative  control (Figure 6A). In the
transfected bladder, epithelial cells facing the 30 lumen stained positive
(Figure 6B). (Magnification X40)  9 WO 01/15755 PCT/SG00/00130  Figure 7
shows cellular localization of pCMVLacZ after transient transfection.
Organs from untransfected mice are labelled C for control  tissue. Organs
harvested from mice transfected with the  pCMVLacZ/DMBC complex are
labelled DMBC. Absence of (3 5 galactosidase gene in all organs except the
bladder was confirmed by PCR.  Figure 8A is a bar graph showing the effect
of exposure times on  transfection efficiency in vitro. Cells were exposed
to the DNA: DMBC  complex for 15, 30, 60 and 120 min in vitro. Longer
exposure times 10 improved the transfection efficiency as measured by the
percentage of cells  stained positive with X-gal. Figure 8Bi-8Biv are
photographs showing the effect of exposure time on  transfection efficiency
in vivo. Bladders were exposed to the 15 pCMVLacZ/DMBC complex for i)
15min, ii) 30min, iii) 60min and  iv)120min (Magnification X 40). More
urothelial cells were stained with X- gal with time. Figures 9A-9B are
photographs showing the duration of expression in  20 vivo after a single
intravesical instillation. Two days after transfection the  majority of
cells facing the lumen stained positive with X-gal (Figure 9A).  Thirty
days later a-gal expression could still be observed in a reduced  



number of cells (Figure 9B) (Magnification X100). 25 Figures I OA-l OB are
photographs showing X-gal staining of normal  (Figure 10A) and hyperplasia
(Figure 10B) bladder sections. Bladder  implanted with MB49 tumor cells
were transfected with pCMV1acZ:DMBC  for 2 h. Blue staining was observed in
the superficial luminal cell layers of  the hyperplasia. (Magnification
X100). 30 10 WO 01/15755 PCT/SG00/00130  Figure 11 is a graph showing tumor
volume at day 7 in mice treated with cytokine gene therapy (I1-2, GMCSF,
IL-2 + GMCSF or IFN-y), or with  DMBC or in an untreated control. 5 Figure
12 is a graph showing tumor volume at day 38 in mice treated  with cytokine
gene therapy (IL-2, GMCSF, IL-2 + GMCSF or IFN-y), or  with DMBC or in an
untreated control. Figure 13 is a graph showing tumor volume over time
(days 7-37) in 10 mice treated with cytokine gene therapy (IL-2, GMCSF,
IL-2 + GMCSF or  IFN-y), or with DMBC or in an untreated control. DETAILED
DESCRIPTION OF THE INVENTION  Throughout this disclosure, various
publications, patents and 15 published patent applications are referenced
by an identifying citation. The  disclosures of these publications, patents
and published patent applications  are hereby incorporated by reference
into the present disclosure to more  fully describe the state of the art to
which this invention pertains. So that the invention may be more readily
understood, certain terms  20 are first defined. As used herein, the
various forms of the term "transfect" (e.g.,  "transfecting",
"transfected") are intended to refer to the process of  introducing a
polynucleotide molecule from an exterior location into the  interior of a
cell. 25 As used herein, the term "polynucleotide molecule" is intended to



encompass molecules comprised of two or more covalently linked  nucleotide
bases, including deoxyribonucleic acid (DNA) molecules and  ribonucleic
acid (RNA) molecules. The nucleotides forming the  polynucleotide molecule
typically are linked to each other by 30 phosphodiester linkages, although
the term "polynucleotide molecule" is  also intended to encompass
nucleotides linked by other linkages, such as  phosphorothioate linkages.
Nonlimiting examples of polynucleotide II WO 01/15755 PCT/SGOO/00130
molecules include plasmid DNA, viral DNA, chromosomal fragments,  antisense
oligonucleotides, antisense phosphorothioate oligonucleotides, RNA
molecules and ribozymes. As used herein, the term "cationic lipid" is
intended to refer to  5 molecules comprised of at least one, and most
typically two, fatty acid  chains and a positively charged polar head
group. Typical cationic lipids  have either dodecyl (C12) or hexadecyl
(cetyl, C16) fatty acid chains,  although the term "cationic lipid" also is
intended to encompass lipids with  fatty acid chains of other lengths.
Nonlimiting examples of cationic lipids  10 include: DOTAP
(1,2-diacyl-3-trimethylammonium propane)  DOPE (dioleoyl
phosphatidylethanolamine) DOTMA ([2,3-bis(oleoyl)propyl] trimethyl ammonium
chloride)  DOGS (dioctadecyl amido glycyl spermine) 15 DODAB (dioctadecyl
diammonium bromide)  DODAC (dioctadecyl diammonium chloride) DOSPA (2,3
dioleoyloxy-N-[sperminecarboxaminoethyl]-N-N- dimethyl- l -propanaminium)
DC-Chol (3p[N-(n',N'-dimethylaminoethane)- 20 carbamoyl]cholesterol,
dioleoyl) DOIC (1-[2-(oleoyloxy)-ethyl]-2-oleoyl-3-(2-hydroxyethyl)
imidazolinium chloride) 



DOPC (dioleoyl phosphatidylcholine) DMRIE (dimyristooxypropyl dimethyl
hydroxyethyl ammonium  25 bromide) As used herein, the term "cationic
polymer" is intended to refer to  positively charged polymers having the
capacity to condense nucleic acid  (e.g., DNA). Cationic polymers include
polyelectrolytes and cationic  polypeptides. Nonlimiting examples of
cationic polymers include 30 polylysine, polyhistidine, polyarginine,
polyethyleneimine (PEI), poly(4- vinylpyridine), poly(vinylamine) and
poly(4-vinyl-N-alkyl pyridinium  halide). 12 W(c) 01/15755 PCT/SGOO/00130
As used herein, the term "dendrimer" is intended to refer to cationic
starburst polymers. These are spherical polymers that originate from an
ammonium core by spherical growth in layers. Nonlimiting examples of
dendrimers include Superfect and PAMAM. 5 As used herein, the term
"cholesterol" is intended to refer to a  naturally-occurring steroid
alcohol (sterol) having four fused rings, as well  as its esters with long
chain fatty acids, and analogues thereof that retain the  ability to
modulate membrane fluidity. Cholesterol and cholesterol esters  are
components of plasma lipoproteins and the outer cell membrane of 10 animal
cells, and have the ability to modulate membrane fluidity.  Cholesterol
analogues that retain the ability to modulate membrane fluidity  are known
in the art (see e.g., Gimpl, G., et al. (1997) Biochemistry
36:10959-10974) and include, for example, 5-cholestene, 5-pregnen-3p-ol-
20-one, 4-cholesten-3-one and 5-cholesten-3-one. 15 As used herein, the
term "solubilized cholesterol preparation" is  intended to refer to a
preparation in which cholesterol has been water  solubilized using a
solubilizing agent that increases the aqueous solubility of  the
cholesterol (i.e., the water solubility of the solubulized cholesterol
preparation is higher than the water solubility of cholesterol alone). The 



20 solubilizing agent typically is a water soluble compound that has a
cavity  into which lipophilic molecules can be packaged. Preferred
solubilizing  agents are cyclodextrins. Solubilization of the cholesterol
(e.g.,  incorporation into a solubilizing agent such as a cyclodextrin) can
be  monitored by radiolabeling the cholesterol, e.g.,
(1,2,6,7-3H(N)]cholesterol 25 (commercially available from Dupont/New
England Nuclear), see for  example Pang, L. et at. (1999) Biochemistry
38:12003-12011. The term  "solubilized cholesterol preparation" is not
intended to refer to cholesterol  incorporated into the bilayers of a
liposome. As used herein, the term "cyclodextrin" is intended to refer to
30 oligosaccharide cyclic shaped torus molecules having a hydrophilic outer
surface and a hydrophobic central cavity, wherein this hydrophobic central
cavity is capable of carrying lipophilic substances (e.g., cholesterol). 13
WO 01/15755 PCT/SGOO/00130  "Cyclodextrins" include molecules having 6, 7
or 8 glucopyranose units  (alpha-, beta- and gamma-cyclodextrins,
respectively), as well as larger rings (cyclodextrins containing from 9-13
glucopyranose units have been  isolated), although beta-cyclodextrins are
preferred for use in the present  5 invention. The term "cyclodextrin" is
also intended to encompass derivatives of alpha-, beta- and
gamma-cyclodextrins (or even larger rings),  non-limiting examples of which
include sulfated beta-cyclodextrin, tertiary  amine beta-cyclodextrin,
quaternary amine beta-cyclodextrin, 2- hydroxypropyl-beta-cyclodextrin,
2,6-di-O-methyl-beta-cyclodextrin, 10 hydroxyethyl-beta-cyclodextrin,
6-deoxy-6-S-beta-D-galactopyranosyl-6- thio-cyclomalto-heptaose,
sulfobutylether-beta-cyclodextrin,  carboxymethyl-beta-cyclodextrin,
carboxymethyl-ethyl-beta-cyclodextrin,  diethyl-beta-cyclodextrin,
dimethyl-beta-cyclodextrin, random methyl-beta- cyclodextrin,
glucosyl-beta-cyclodextrin and maltosyl-beta-cyclodextrin. A 15 preferred
cyclodextrin for use in the invention is methyl-fi-cyclodextrin.  The
structure and pharmaceutical applications of cyclodextrins are reviewed  



in Szejtli, J. (1994) Med. Res. Reviews 14:353-386 and Rajewski, R.A. and
Stella, V.J. (1996) J. Pharm. Sci. 85:1142-1169. As used herein, the term
"transfection composition" refers to a  20 composition resulting from the
combination of a polynucleotide, either a  cationic lipid or a dendrimer,
and a solubilized cholesterol preparation. As used herein, the term
"pharmaceutical agent" is intended to  encompass compounds having
pharmaceutical activity, nonlimiting  examples of which include
polynucleotides, proteins, polypeptides, 25 peptides, chemotherapeutic
agents, antibiotics and the like. As used herein, the term "therapeutic
composition' 'is intended to  refer to a composition formed by combining at
least one pharmaceutical  agent and a solubilized cholesterol preparation,
although the therapeutic  composition can contain additional components
(e.g., additional 30 pharmaceutical agents, a cationic lipid, a dendrimer
or other component(s)  that enhance the delivery or therapeutic activity of
the therapeutic  composition). 14 WO 01/15755 PCT/SGOO/00130  As used
herein, the term "subject" is intended to refer to living organisms that
may be in need of treatment with pharmaceutical agents, e.g.,  in need of
treatment for cancer, such as bladder cancer. Preferred subjects  are
mammals. Examples of subjects include humans, monkeys, dogs, cats, 5 mice,
rats, cows, horses, goats and sheep. Subjects also include other
vertebrates, such as fish and birds (e.g., chickens). As used herein, the
term "anti-cancer activity" is intended to mean  that a pharmaceutical
agent has an ability to inhibit the growth, viability or  metastasis of
cancer cells, either directly (i.e., by acting directly on the 10 cancer
cells, such as a chemotherapeutic agent that is toxic to cancer cells)  or
indirectly (e.g., by stimulating an immune response to the cancer cells).
As used herein, the term "treatment" is intended to refer to an alleviation
of one or more symptoms of the disease being treated. 



As used herein, the term "therapeutically effective amount" is 15 intended
to refer to an amount (e.g., of a pharmaceutical agent) sufficient to
achieve treatment of a disease being treated.- . As used herein, the term
"Bacillus Calmette-Guerin (BCG) therapy"  is intended to refer to a
treatment regimen for bladder cancer in which BCG  is administered
intravesically into the bladder to stimulate an immune 20 response. The
present invention is based, at least in part, on the discovery that
solubilized cholesterol can be used as an additive to improve the
transfection efficiency of cells. A preferred solubilizing agent for the 25
cholesterol is a cyclodextrin, such as methyl-43-cyclodextrin. Experiments
showed that methyl-f3-cyclodextrin containing cholesterol by itself does
not  improve the transfection of naked DNA but in conjunction with a
cationic  lipid (DOTAP) it enhances transfection. In vitro, this addition
gave rise to a  3.8-fold increase in transfected cells compared to cationic
lipid (DOTAP) 30 alone (see Example 1). In vivo, bladder epithelial cells
facing the lumen  were successfully transfected, something that couldn't be
achieved with  cationic lipid alone (see Example 6). When the cationic
lipid used is 15 WO 01/15755 PCT/SG00/00130  DOTAP, optimum transfection
was obtained with a DOTAP-DNA ratio of  2.7:1 (wt:wt) and a DOTAP to
cholesterol ratio of 6:1 (wt:wt). Crook et al  using a mixture of DOTAP and
cholesterol found that transfection was optimum when a ratio of 1:1 (wt:wt)
of DOTAP: cholesterol was used 5 (Crook, K. et al. (1998) Gene Ther.
5:137-43). Their data indicated that  increasing cholesterol increased the
transfection efficiency in the presence  of serum. However, using this
combination of DOTAP: cholesterol there  was very little transfection of
the murine urothelial cell line MB49 although  COS-7 cells were efficiently
transfected. 10 The methyl-(i-cyclodextrin/cholesterol (MBC) complex is
capable of  donating cholesterol to the cell membrane. Although not
intending to be  



limited by mechanism, the donation of cholesterol would affect the
fluidity/rigidity and permeability of the cell membrane. Cholesterol levels
in membranes have been shown to affect the sorting of GPI anchored 15
proteins in endosomes, with depletion increasing the recycling of these
proteins via endosomes (Rodal, S.K. et al. (1999) Mol. Biol. Cell. 10:961-
74). It is also possible that the DOTAP/methyl-p-cyclodextrin/cholesterol
(DMBC) complex donates cholesterol to the DOTAP molecules affecting  the
structure of the DOTAP: DNA complexes formed. Beta cyclodextrins 20 have
been shown to improve the internalization of adenoviruses by intestinal
cells (Croyle, M.A. et al. (1998) Pharm. Res. 15:1348-1355). The improved
uptake was attributed to the ability of cyclodextrins to disrupt cell
membranes. None of the cyclodextrins used in that study carried
cholesterol. Using only methyl-(3-cyclodextrin by itself in combination
with 25 DOTAP and DNA there was no transfection of murine bladder
epithelial  cells, indicating the importance of the cholesterol packaged in
the  cyclodextrins for the increased transfection efficiency provided by
the  present invention. In a recent study, Zabner and co-workers analysed
the mechanism of  30 gene delivery mediated by cationic lipids and
identified the movement of  plasmid DNA from the cytoplasm to the nucleus
as the limiting factor for  successful gene transfer (Zabner, J. et al.
(1995) J. Biol. Chem., 270:18997 16 WO 01/15755 PCT/SGOO/00130  9007). In
the present invention, it was found that although the inclusion of
cholesterol enhanced transfection efficiency, it had little effect on the
uptake of plasmid DNA by cells. However, it was found that with DMBC,
plasmid  DNA was found in the nucleus (see Example 4), suggesting that the
5 inclusion of DMBC may play a role in the escape of DNA from endosomes,
perhaps avoiding degradation in lysosomes. In the present system,
expression of a transfected gene in urothelial  cells can be observed in
vivo up to a month after the transfection event. This  



may be related to the slower turnover of urothelial cells in vivo, as gene
10 expression was quickly lost in vitro after multiple cell replications.
Morris,  B.D. et al., (J. Urol., (1994) 152:506-509), who used adenoviruses
to  transfect the bladder, showed that gene expression was evident for at
least 7  days. Harimoto et al. (Br. J. Urol. (1998) 81:870-874) showed that
gene  expression was observed up to 10 days with HVJ-liosomes and up to two
15 weeks with a single particle gun bombardment. Thus the DMBC
transfection system of the present invention is as, if not more, durable
than  the presently favored techniques for in vivo bladder transfection. A
two-hour exposure of cells to the DMBC/DNA complex showed  no effect on
cell proliferation (see Example 5). MBC by itself did not cause  20 a
decrease in cell proliferation after a 24h exposure but DOTAP appeared to
do so. However this was not statistically significant. The
anti-proliferative  effects of prolonged exposure may be advantageous, as
it would serve to  enhance the therapeutic gene mediated killing of tumor
cells. A study  showed that when methyl-(3-cyclodextrin was used by itself,
it had an anti 25 tumor effect on human tumor xenografts in athymic nude
mice (Grosse,  P.Y. et al. (1998) Br. J. Cancer 78:1165-9). This effect is
likely related to  the efflux of cholesterol from cells. Intravesical
instillation of the DMBC/DNA complex, for just two  hours, was sufficient
to maximise exposure of the urothelium to the 30 liposome/DNA complex and
to ensure efficient transfection (see Example  7). Expression of a reporter
gene ((3-galactosidase) was confined to the  bladder. Morris, B.D. et ad.
(J. Urol. (1994) 152:506-509), who used 17 WO 01/15755 PCT/SGOO/00130
adenoviruses to transfect the bladder, made a similar observation
indicating  that this containment is probably a result of the architecture
of the bladder and not because of the delivery system used. The
transfection system of the invention also has been shown to be  5 effective
in delivering cytokine genes in vivo for the eradication of tumors  



(see Example 9). In view of the foregoing, one aspect of the invention
pertains to  methods for transfecting at least one polynucleotide into
cells. As described  10 further in the Examples, the use of solubilized
cholesterol enhances the transfection efficiency of polynucleotides
complexed with agents such as  cationic lipids, cationic polymers and
dendrimers. Accordingly, in one  aspect, the invention provides a method
for transfecting at least one  polynucleotide into cells, the method
comprising: 15 combining: (i) at least one polynucleotide; (ii) a cationic
lipid, a cationic polymer or a dendrimer, or  combinations thereof; and
(iii) a solubilized cholesterol preparation  20 to form a transfection
composition; and applying the transfection composition to cells, such that
the cells  are transfected with the polynucleotide. Preferably, the
solubilized cholesterol preparation comprises  cholesterol solubilized with
a cyclodextrin, most preferably methyl-p- 25 cyclodextrin. Other suitable
cyclodextrins include those listed above. Cyclodextrins can be obtained
from commercially available sources. A  preferred cationic lipid is DOTAP.
A preferred dendrimer is Superfect.  Other suitable cationic lipids,
cationic polymers and dendrimers include  those listed above. Cationic
lipids, cationic polymers and dendrimers can be 30 obtained from
commercially available sources. The transfection  composition may include
one type of reagent (ii), i.e., either a cationic lipid,  a cationic
polymer or a dendrimer, or, alternatively, reagent (ii) may be a 18 WO
01/15755 PCT/SG00/00130  combination, such as both a cationic lipid and a
cationic polymer, or two  different types of cationic lipids or two
different types of cationic polymers.  When combining the reagents (i),
(ii) and (iii), preferably the solubilized  



cholesterol preparation is mixed with the cationic lipid, cationic polymer
or 5 dendrimer immediately prior to the addition of the polynucleotide(s)
and the  mixture is then incubated for a period of time, e.g., 15 minutes
at room  temperature, to form the transfection composition. The amounts of
each reagent used may vary depending on conditions  such as which
particular reagents are chosen and what cell type is to be 10 transfected.
However, optimal transfection conditions can be determined by  standard
methods, such as using the transfection system described in the  examples.
For example, the optimal ratio of cationic lipid (or cationic  polymer or
dendrimer) to solubilized cholesterol may differ for different cell  types,
although a ratio of 1:2 (DOTAP:MBC) was found to be optimal for 15
urothelial cells in vitro. A nonlimiting range of ratios of cationic lipid
(or  cationic polymer or dendrimer) to solubilized cholesterol is 2:1 to
1:3 (w/w).  When preparing the solubilized cholesterol preparation (e.g.,
methyl-P- cyclodextrin/cholesterol, or MBC), a preferred proportion of
cholesterol to  cyclodextrin is 50 mg cholesterol to 600 mg cyclodextrin
(methyl-(3 20 cyclodextrin) (i.e., 1:12 w/w cholesterol:cyclodextrin),
although again this  proportion may be optimized depending upon the
specific reagents used and  conditions involved. A nonlimiting range of
ratios of cholesterol to  cyclodextrin is 1:1 to 1:20. The amount of
polynucleotide used also can be  varied depending on the reagents used and
host cells to be transfected. A 25 nonlimiting range for the amount of
polynucleotide (e.g., DNA) used is 0.1  to 100 g, more preferably 1-50 p.g.
A nonlimiting range for the amount of  cationic lipid is 1 to 200 g,
preferably 10-50 p.g. A nonlimiting range for  the amount of dendrimer
(e.g., Superfect) is 1 to 300 p.g, preferably 5-25 .tg.  For in vivo
applications, the amount of each reagent likely would need to be  30
increased from the preferred amounts set forth above. A nonlimiting example
of preferred reagent amounts when DOTAP  is used as the cationic lipid are:
7.5 g DNA + 20 g DOTAP + 40 gg of  19 WO 01/15755 PCT/SG00/00130  



methyl-p-cyclodextrin solubilized cholesterol. A nonlimiting example of
preferred reagent amounts when Superfect is used as the dendrimer are: 2 g
DNA + 22.5 g Superfect + 10 g of methyl-p-cyclodextrin solubilized
cholesterol. 5 The transfection method of the invention can be used to
transfect a  variety of different polynucleotides, such as plasmid DNA,
viral DNA,  chromosomal fragments, antisense oligonucleotides, antisense
phosphorothioate oligonucleotides, RNA molecules and ribozymes, or
combinations thereof. For gene therapy purposes, the polynucleotide(s) 10
typically is an expression vector (described in further detail below) that
encodes a protein to be provided for therapeutic benefit. The transfection
method preferably is used to transfect eukaryotic cells, more preferably
mammalian cells. The transfection method is particularly effective in
transfecting urothelial cells, which remain resistant to many other types
of 15 transfection methods. The transfection method can be carried out in
vitro,  e.g., by applying the transfection composition to cells in culture.
The time  period for contacting the transfection composition with the cells
in culture  can be optimized by standard methods. A nonlimiting example of
a transfection time in vitro is 48 hours, followed by washing the cells
(e.g.,  20 with phosphate buffered saline). Alternatively, the transfection
method can  be carried out in vivo, by applying the transfection
composition to cells in  vivo. In a preferred embodiment, the transfection
composition is applied to  urothelial cells in vivo by intravesical
delivery (e.g., via a catheter) to a  bladder of a subject. Other target
tissues for transfection in vivo include, for 25 example, stomach, muscle,
lungs, epithelial cells, colon, uterus, intestine,  heart, kidney,
prostate, skin, eye, brain, penile tissue and nasal tissue. In another
aspect, the invention provides a method for delivering a  pharmaceutical
agent into urothelial cells of the bladder, based on the ability  of
solubilized cholesterol to enhance uptake of material by urothelial cells.
30 Accordingly, the invention provides a method for delivering a
pharmaceutical agent into urothelial cells of a subject, the method  



comprising: 20 WO 01/15755 PCT/SGOO/00130  combining the pharmaceutical
agent with a solubilized cholesterol preparation to form a pharmaceutical
composition; and delivering the pharmaceutical composition intravesicularly
into the  bladder of the subject, such that the pharmaceutical agent is
delivered into  5 urothelial cells of the subject. Preferably, the
solubilized cholesterol preparation comprises  cholesterol solubilized with
a cyclodextrin, most preferably methyl-n- cyclodextrin. Other suitable
cyclodextrins include those listed above. The  pharmaceutical agent can be,
for example, at least one polynucleotide and a 10 cationic lipid, cationic
polymer or a dendrimer. Alternatively, the  pharmaceutical agent can be,
for example, a chemotherapeutic agent, an  antibiotic, an interferon, an
interleukin, a colony stimulating factor, an anti- angiogenic factor, an
anti-metastatic factor, a membrane receptor or other  agent with
therapeutic activity. When the pharmaceutical agent is a 15 polynucleotide,
a preferred cationic lipid is DOTAP, whereas a preferred  dendrimer is
Superfect. Other suitable cationic lipids, cationic polymers and
dendrimers include those listed above. In another aspect, the invention
provides methods of treating bladder  cancer in a subject, the method
comprising: 20 combining a pharmaceutical agent with a solubilized
cholesterol  preparation to form a therapeutic composition, wherein the
pharmaceutical  agent has anti-cancer activity against bladder cancer
cells; and delivering the therapeutic composition intravesicularly into the
bladder of a subject, such that bladder cancer cells of the subject are
treated  25 with the pharmaceutical agent. Preferably, the solubilized
cholesterol preparation comprises  cholesterol solubilized with a
cyclodextrin, most preferably methyl-p- cyclodextrin. Other suitable
cyclodextrins include those listed above. The  



pharmaceutical agent can be, for example, at least one polynucleotide and a
30 cationic lipid, cationic polymer or a dendrimer. Preferably, the
pharmaceutical agent is delivered in therapeutically effective amounts.
When the pharmaceutical agent is a polynucleotide(s), a preferred cationic
21 WO 01/15755 PCT/SGOO/00130  lipid is DOTAP, whereas a preferred
dendrimer is Superfect. Other suitable  cationic lipids, cationic polymers
and dendrimers include those listed above. The polynucleotide preferably
comprises at least one expression  vector encoding a protein(s) of
therapeutic benefit in the treatment of 5 bladder cancer. An expression
vector comprises a polynucleotide in a form  suitable for expression of the
polynucleotide in cells to be transfected, which  means that the
recombinant expression vector includes one or more  regulatory sequences,
usually selected on the basis of the type of cells to be  transfected,
which is operatively linked to the polynucleotide to be 10 expressed.
Within a recombinant expression vector, "operably linked" is  intended to
mean that the polynucleotide of interest is linked to the  regulatory
sequence(s) in a manner which allows for expression of the  polynucleotide
(e.g., transcription/translation in a host cell when the vector  is
introduced into the host cell). The term "regulatory sequence" is intended
15 to includes promoters, enhancers and other expression control elements
(e.g., polyadenylation signals). Such regulatory sequences are well known
in the art and are described, for example, in Goeddel; Gene Expression
Technology: Methods in Enzymology 185, Academic Press, San Diego,  Calif.
(1990). Regulatory sequences include those that direct constitutive 20
expression of a polynucleotide in many types of host cell and those which
direct expression of the polynucleotide only in certain host cells (e.g.,
tissue- specific regulatory sequences). It will be appreciated by those
skilled in the  art that the design of the expression vector may depend on
such factors as  the choice of the host cell to be transformed, the level
of expression of 25 protein desired, etc. 



Examples of mammalian expression vectors include pMex-Neol,  pCDM8 (Seed,
B., (1987) Nature 329:840) and pMT2PC (Kaufman et al.  (1987), EMBO J.
6:187-195). When used in mammalian cells, the  expression vector's control
functions are often provided by viral regulatory 30 elements. For example,
commonly used promoters are derived from  polyoma, Adenovirus 2,
cytomegalovirus and Simian Virus 40.  Alternatively, mammalian expression
vectors capable of directing 22 WO 01/15755 PCT/SGOO/00130  expression of a
polynucleotide preferentially in a particular cell type can be  used (i.e.,
an expression vector comprising tissue-specific regulatory elements) and
are well known in the art. Examples of suitable proteins to be expressed by
an expression 5 vector in the bladder for treatment of bladder cancer
include interleukins,  interferons, colony stimulating factors,
anti-angiogenic factors, anti- metastatic factors, membrane receptors and
tumor suppressors. Preferred  proteins include interleukin-I (IL-1),
interleukin-2 (IL-2), interleukin-6 (IL- 6), interleukin-9 (IL-9),
interleukin-I I (IL-11), interleukin- 12 (IL- 12), 10 interleukin- 13 (IL-
13), interleukin- 18 (IL-18), interferon-a., interferon-(3,  interferon-y,
granulocyte-macrophage colony stimulating factor (GMCSF),  granulocyte
colony stimulating factor (GCSF), macrophage colony  stimulating factor
(MCSF), heat shock protein (HSP), p53, anti-angiogenic  factors, e.g.,
antagonists of vascular endothelial cell growth factor (VEGF) 15 such as
antisense molecules, anti-metastatic factors, e.g., tissue inhibitors of
metalloproteinases (TIMPs), and factors that increase BCG activity, such as
fibronectin receptors. interleukins, interferons, colony stimulating
factors  and tumor suppressors. Preferred proteins to be expressed are
IL-2,  GMCSF or interferon-y, or combinations thereof (e.g., at least two
of IL-2,  20 GMCSF and interferon-y). Alternatively, the pharmaceutical
agent can be, for example, a  chemotherapeutic agent, an antibiotic, an
interferon, an interleukin, a colony  



stimulating factor or other agent with therapeutic activity. The method of
the invention for treating bladder cancer can be  25 combined with one or
more additional anti-bladder cancer treatment  methods. A preferred
additional treatment method is BCG therapy. Other  examples of additional
cancer treatments include chemotherapy and  radiation therapy. In another
aspect, the invention also provides transfection 30 compositions. The
transfection compositions of the invention comprise:  (i) at least one
polynucleotide; 23 WO 01/15755 PCT/SGOO/00130  (ii) a cationic lipid,
cationic polymer or a dendrimer, or combinations thereof; and (iii) a
solubilized cholesterol preparation. Preferably, the solubilized
cholesterol preparation comprises 5 cholesterol solubilized with a
cyclodextrin, most preferably methyl-Ji- cyclodextrin. Other suitable
cyclodextrins include those listed above. A  preferred cationic lipid is
DOTAP, whereas a preferred dendrimer is  Superfect. Other suitable cationic
lipids, cationic polymers and dendrimers  include those listed above. The
transfection compositions of the invention 10 can be provided as a packaged
formulation, e.g., wherein each component  reagent is provided in a
container means. The packaged formulation further  may include instructions
for using the transfection composition to transfect  cells. 15 The present
invention is further illustrated by the following examples,  which should
not be construed as limiting in any way. Specific materials and methods
used in the following examples are  described below: 20 Materials and
methods PCMVIacZ was obtained from Clontech, Palo Alto, CA, USA. The  



murine transitional cell carcinoma cell line MB49, was obtained from Dr.
Timothy Ratliff at the University of Iowa. Plasmid DNA was prepared 25
using Endofree plasmid Qiagen kits (Qiagen GmbH, Germany). Fugene  was
purchased from Roche Diagnostics, Mannheim Germany, Superfect  from Qiagen
GmbH, Germany, DEAE dextran from Promega, Madison  USA and Calcium
phosphate from Merck, Frankfurt, Germany. 30 In vitro assay for DMBC
transfection efficiency 2x 105 cells were plated on coverslips, in 6 well
tissue culture plates  in RPMI 1640 supplemented with 10% FBS (Biosciences,
Australia), 2mM  24 WO 01/15755 PCT/SGOO/00130  L-glutamine, 50U/ml
penicillin and 0.05mg/ml streptomycin (Sigma Chemical Company St. Louis,
MO, USA). Cells were washed twice with  IXPBS and transfected with 7.5g of
pCMV1acZ complexed with 2011g of  DOTAP (Roche Diagnostics, Mannheim
Germany) and 40g of methyl-[f 5 cyclodextrin solubilized cholesterol
(Sigma). The complexes were formed  by making up the DNA and DMBC to 165l
with 20mM Hepes buffer  (GibcoBRL, Rockville, MD, USA) and mixing for 15
min. This was made  up to I ml with RPMI 1640 media, and added to wells for
the appropriate  length of time then washed and replaced with 3ml of fresh
RPMI 1640 10 media. After 48h, the cells were washed with PBS, fixed and
stained as  described in Weiss, D.J. et al. (1997) Hum. Gene Ther.
8:1545-54. The  average number of blue colonies, relative to the total
number of cells in four  quadrants at X 100 magnification, was used to
determine the transfection  efficiency. Transfections were performed in
duplicates and repeated twice.  15 Proliferation assays Proliferation was
assayed by measuring [14C]-thymidine  incorporation. 1x104 cells were
plated per well in a 96 well flat-bottomed  tissue culture plate (Nunc,
Rosklide, Denmark) and transfected at optimal 20 conditions as described
above for the appropriate length of time (2h and 24h  



exposure), washed and incubated with fresh RPMI 1640 at 37C. After 32  h,
supernatants were removed, and cells were rinsed with IXPBS.  Triplicate
wells were incubated with 0.21.Ci/ml, [14C]-thymidine (specific  activity
56.5rnCi/rnmol; Du Pont, Wilmington, DE, USA) for 16h. The 25 samples were
harvested as described in Zhang, Y. et al. (1997) Int. J.  Cancer 71:851-7.
[14C]-thymidine incorporation was expressed as a  percentage of the
incorporation in control cells, which consisted of  untransfected cells.
The non-parametric Mann-Whitney U test was used to calculate statistical
significance. Probability values of p<0.05 were  30 considered
statistically significant. 25 WO 01/15755 PCT/SG00/00130  Detection of
reporter gene expression in vivo after intravesical delivery of  DNA-DMBC
5-7 week old-female C57BL6 mice were anaesthetized; their  bladders were
catheterized with 24G i.v. catheter and flushed with 1X PBS.  5 The DMBC
and DNA complex were mixed for 15 min as described above. The final mix was
made up to a final volume of 465.d with 1X PBS for easy  instillation and
introduced intravesically. Transfection exposure times of 15  min, 30 min,
I h or 2 h were evaluated. At different time points the  bladders were
flushed with 1X PBS to remove DNA/ DMBC complex. The 10 mice were
sacrificed 48 h after treatment. Experiments were done in  duplicates.
Histochemistry  Bladders, lungs, kidneys, heart, liver and spleen were
removed and  15 snap frozen in liquid nitrogen (Werthman, P.E. et al.
(1996) J. Urol. 0:53 6). Cryostat sections of 6 M in thickness were fixed
in 1.25%  glutaraldehyde for 10 min at 4C followed by incubation with X-gal
for 4 h  at 37C and were counterstained with haematoxylin. 20 Performing
PCR on organs To detect the presence of the transfected plasmid PCR primers



unique to the lacZ gene were employed. The upstream primer used was 5'-
GCCGACCGCACGCCGCATCCAGC-3' (SEQ ID NO: 1) and the  downstream primer was
5'-CGCCGCGCCACTGGTGT-3' (SEQ ID NO: 25 2). PCR was carried out in a total
volume of 251 containing 100ng of  genomic DNA, 2pl (2.5Mm) of dNTPs (New
England Biolabs, Beverly,  USA), 2.5l of (10 X) reaction buffer, 1l of each
primer (IOuM) and 1 l  (2U) of Taq polymerase (Finnzymes, Espoo, Finland).
The PCR program  was as follows: 94C for 30s, followed by, 60C for 30s and
72C for 30s 30 for 40 cycles. GADPH was used as a control for PCR analysis.
The primer  sequences for GADPH are upstream primer 5'-CTGCGACTTCAACAG-3'
(SEQ ID NO: 3) and downstream primers 5'-CACCCTGTTGCTGTAG-3'  26 WO
01/15755 PCT/SGOOI00130  (SEQ ID NO: 4). The PCR program was as follows:
94C for 30s, 58C for  30s and 72C for 30s for 40 cycles. Amplified DNA were
analysed by  electrophoresis on a 1 % agarose gel and visualized with
ethidium bromide  under UV light. Densitometry scanning was carried out
using the Image 5 master VDS software and bands were analysed using the
Analytical Imaging  System software (Imaging Research Inc., Ontario,
Canada). ONPG Assay for transfection Transfected cells were washed twice
with IX PBS and then lysed  10 with l 50.e1 of lysis buffer. The protein
content of the lysates was measured  by the Micro BCA Protein assay
(Pierce, Rockford, IL, USA) with bovine  serum albumin as a standard. Cell
protein lysates were assayed in a reaction  mixture containing 4mg/mi of
ONPG and incubated at 37C for I h.  Reactions were stopped by the addition
of 500411 M Na2CO3 and the 15 absorbance at 420nm was measured.  Nuclear
and cytoplasmic analysis by PCR Nuclear and cytoplasmic fractionation of
transfected cells was  carried out using gentle lysis with THE buffer (10mM
Tris, pH (pH8), ImM  20 EDTA, I00mM NaCl, I % Igepecal) and left on ice for
10 min followed by 



centrifugation at 7K for 5 min at 4C in a microfuge. The supernatant so
produced was labelled the cytoplasmic extract and was transferred to a
fresh  tube. The nuclear extract were prepared by treatment with a
proteinase K  digestion (100 mM NaCl, 10 Mm Tris, pH8, 0.5% SDS 25mM EDTA
and 25 0.1mg/ml proteinase K) of the pelleted material overnight at 50C.
Nuclear  DNA was extracted with phenol/chloroforrn twice followed by
ethanol  precipitation. PCR analysis was carried out as described above.
Cell lines and cytokine genes 30 The murine transitional cell carcinoma
cell line MB49 and cytokine  genes were kindly provided by Dr. Timothy
Ratliff at the University of 27 WO 01/15755 PCT/SGOO/00130  Iowa. The
cytokine genes were cloned into the pCI-neo expression vector  (Promega).
Plasmid DNA was prepared using Endofree plasmid Qiagen kits (Qiagen GmbH,
Germany).  Animals 5 C57BL6 female mice (approximately 4-6 weeks old) were
obtained  from the Laboratory Animals Centre of the National University of
Singapore and maintained at the Animal Holding Unit of the university. In
vitro expression of surface markers 2 x 105 cells were plated in 6 well
tissue culture plates in RPMI 1640  10 supplemented with 10% FIBS
(Biosciences, Australia), 2mM L-glutamine,  50U/ml penicillin and 0.05mg/ml
streptomycin (Sigma Chemical Company,  St. Louis, MO, USA). Cells were
washed twice with 1X PBS and transfected with 7.5g of single cytokine genes
and 3.75 g of each  cytokine gene for the IL-2 + GMCSF combination, which
was complexed  15 with 20g of DOTAP (Roche Diagnostics, Mannheim, Germany)
and 40g of methyl-(3-cyclodextrin solubilized cholesterol (Sigma). The
complexes  were formed by making up the DNA and DMBC to 165 .tl with 20 mM
Hepes buffer (Gibco BRL, Rockville, MD, USA) and mixing for 15 min.  This
was made up to 1 ml with RPMI 1640 media, and added to wells for 2 



20 h and then washed and replaced with 3 ml of fresh RPMI 1640 media. After
48h, the cells were washed with PBS and fixed and labelled with anti-MHC
I, anti-MHC II and anti-FAS, antibodies. The secondary antibody used was
fluorescein isothiocynate (FITC; Pharmingen, CA, USA). Isotype controls
antibodies were also included. The labelled cells were analysed on a dual
25 laser flow cytometer (Coulter Epics Elite, Florida, USA). Antitumor
effects of different cytokine treatments A single cell suspension with 5 x
105 viable MB49 cells in 0.1 ml of  PBS was injected subcutaneously into
the flank, 7 to 10 days before 28 W(c) 01/15755 PCT/SGOO/00130  treatment.
Only mice with a uniform tumor size of approximately 0.15  0.25 cm3 were
selected and randomized into groups for the intraturnoral  treatment.
Treatments were carried out twice a week for three weeks by  intraturnoral
injection and consisted of 100 p1 of either IX PBS, DMBC 5 (Dotap +
methylated-i-cyclodextrin containing cholesterol), IL-2 + DMBC,  GMCSF
+DMBC, IFNy +DMBC or the combination of IL-2 + GMCSF +  DMBC. Age matched
tumor naive controls did not receive any treatment.  Tumor size was
measured with calipers every three days before injection up  to day 38. The
calculation for tumor volume was performed by the formula:  10 length X
width X height. Single cell suspension and flow cyton:etry. Spleens were
harvested as described. Single cell suspensions were  labelled with
anti-CD4, ccp, y8, NK and anti CD-S antibodies that had been  conjugated to
phycoerithrin (PE) and CD3+ cells were labelled with 15 antibodies
conjugated to fluorescein isothiocynate (FITC). All antibodies  were
purchased from Pharmingen, CA, USA. Labelled cells were analysed  on a dual
laser flow cytometer. mRNA extraction and RT-PCR For total RNA extraction,
spleen were homogenized in I ml of  20 Trizol reagent (Gibco BRL,
Rockville, MD, USA) according to the  



manufacturer's instructions. RT-PCR was carried out as described.  EXAMPLES
25 EXAMPLE 1: In vitro transfection efficiency of non-viral agents  The
pCMVlacZ expression plasmid was used to assess the  transfection efficiency
of various non-viral agents, in a 2 hour time period,  on MB49 cells. Both
DOTAP and Superfect were able to transfect MB49 29 WO 01/15755
PCT/SGOO/00130  cells within a 2 h time period with efficiencies of
approximately 20.4% and  14.8% respectively (see Table 1 below). Table 1
Non-viral agent Type Transfection  efficiency  DOTAP Cationic Lipid 20.4%
Superfect Dendrimer 14.8%  Fugene Non-liposomal 1.02% Calcium chloride
Chemical 0%  DEAE-Dextran Chemical 0%  5 Transfection conditions were
optimized for each agent, to ensure  maximum transfection at 2h.
Transfection efficiency was measured by  counting the percentage of cells
stained blue with X-gal. Optimal  transfection was obtained using 7.5g of
DNA and 20g DOTAP. With 10 Superfect, a much lower amount of DNA was needed
to obtain similar  transfection rates as DOTAP namely 2g DNA with 7.51 of
Superfect. A  very low transfection rate of 1.02% was obtained with Fugene.
Neither  calcium chloride (0-40g) nor DEAE-Dextran (0-2g) nor naked DNA
could transfect MB49 cells. 15 To improve transfection rates, MBC was mixed
with DOTAP  immediately prior to the addition of DNA and the mixture
incubated for 15  min at room temperature. Addition of MBC resulted in an
increase in the  



number of cells that were successfully transfected as shown in Fig 1 A-C.
The increase in transfection efficiency was 3.9 fold when MBC was used in
20 combination with DOTAP and 2.4 fold with Superfect (Fig. ID). However,
30 WO 01/15755 PCT/SG00100130  the amount of MBC needed to produce this
increase in transfection efficiency varied with the agent used. Optimal
DOTAP transfection was  obtained with 40g of MBC while 10}xg was optimal
for Superfect. As the  best transfection rates were obtained with DOTAP +
MBC (DMBC), this 5 combination was used in all further experiments. A
comparison was also  made between the transfection efficiency of DMBC and a
conventional  DOTAP:cholesterol (1:1) mixture (AVDC). AVDC was able to
transfect  Cos-7 cells but did not transfect MB49 cells very well. In
contrast, DMBC  was able to transfect MB49 cells as well as enhance the
transfection of Cos 10 7 cells when compared to AVDC (Fig. 1E). EXAMPLE 2:
Duration of i-galactosidase gene expression  Characterization of
P-galactosidase (n-gal) gene expression as a 15 function of time following
transfection with DMBC was done. As shown in  Figure 2A, protein
expression, as determined by the ONPG assay, occurred  within I h of the
removal of the agent and increased up to 48 h post  transfection. After 48
h, there was a steady decrease in protein expression  and by 12 days
post-transfection, the (3-gal activity had decreased by 7 fold 20 compared
to the expression at day 2 (Figure 2B). It appears that as the cells
replicate, the gene is lost and/or silenced. EXAMPLE 3: DNA uptake
following transfection 25 In order to determine whether there was a
difference in DNA uptake  when using DOTAP and DMBC, the quantity of
plasmid DNA extracted  from cells was measured 2h after transfection. To
minimize the amount of  surface bound DNA and get a better estimate of true
DNA uptake, multiple  washes were performed with IXPBS as well as digestion
with DNAse. 30 Figures 3A and 3B show the PCR analysis of DNA extracted
from MB49  



cells. MB49 cells seem to have internalized similar amounts of plasmid  DNA
with both agents. Therefore, the differences observed in transfection 31 WO
01/15755 PCT/SG00/00130  efficiencies are not due to the differential
uptake of plasmid DNA but perhaps to the stability of the DNA once taken
into cells. EXAMPLE 4: Nuclear and cytoplasmic accumulation of plasmid  5
DNA To determine the localization of DNA following transfection with  DOTAP
and DMBC, nuclear and cytoplasmic extracts were prepared from  transfected
cells. The presence of DNA in these extracts was determined 10 using PCR.
In cells transfected with DMBC, the LacZ gene was located in  both the
nucleus and the cytoplasmic fractions. However with DOTAP  alone, the
plasmid DNA was only found to be in the cytoplasm (Figures 4A  and 4B). The
GADPH gene was used to confirm the presence of nuclear  DNA in nuclear
extracts and the lack of contamination of cytoplasmic 15 fractions with
nuclear DNA. EXAMPLE 5: Toxicity of DMBC/DNA complexes A cell proliferation
assay was used to gauge the toxicity of the  20 transfection agents.
Relative toxicity was measured by comparing  proliferation in
transfected.and untransfected cells, 48h after plating. Cells  were exposed
to the transfection agents for 2 h and 24 h. There was no  difference in
the level of 14C-thymidine incorporation between transfected  and
untransfected cells exposed to either DOTAP (D) or DMBC for 2 h 25 (Figure
5A). When cells were exposed to DMBC with or without DNA or  to DOTAP for
24 h, there was a reduction in cell proliferative capacity but  this was
not statistically significant (Figure 5B). 30 32 WO 01/15755 PCTISG00/00130
EXAMPLE 6: Transfection of marine bladders by intravesical  



instillation of the transfection agent and DNA 5 In mice (n=16) that
received the transfection agents DMBC/DNA  via an intravesical
instillation, bladder epithelial cells facing the lumen were  successfully
transfected (Figures 6A and 613) in all mice. In vivo DOTAP  alone did not
result in efficient transfection of bladder epithelial cells. As  well as
the bladder, the lungs, kidneys, spleen, heart and liver were also 10
harvested from transfected animals and controls and were all found to stain
negative for n-gal, showing that transfection was limited to the bladder,
as  summarized in Table 2 below: TABLE 2 Staining with pCMVLacZ  Table 2.
Staining limited to bladder  Organs j-gal activity Bladder Positive  Lungs
Negative  Liver Negative  Heart Negative  Kidney Negative  Spleen Negative
15 This was confirmed by PCR analysis (Figure 7) performed on two  mice. In
mice, spleen cells were harvested at the same time as the bladders  and the
levels of CD3+, CD4+, CD8+, ccj3 and y6 T cells in control and  transfected
animals determined by flow cytometry. No difference was 20 found between
the control and experimental groups. Additionally, tumors were implanted in
mice bladders and once  established these mice were also treated
intravesically with pCMVLacZ and  33 WO 01/15755 PCT/SGOO/00130  DMBC. The
superficial luminal cell layers of the hyperplasia showed n-gal  staining
(Figure 10A-10B). The effect ofDMBC and DOTAP on transfected bladders were



analysed by transmission electron microscopy. The analyses indicated that
5 the 2h transfection exposure time with either agent did not result in any
discernible structural difference in the cells facing the lumen when
compared with an untransfected control bladder. There was also no
indication of the accumulation of cationic lipids; or cholesterol in
vacuoles.  Bladder epithelial cells generally contain many vacuoles but
there did not 10 appear to be an increase in the number of such vacuoles
after treatment.  EXAMPLE 7: Efficiency of transfection with respect to
time of  exposure to transfection agents 15 In order to determine the
transfection efficiency with shorter  exposure times, the transfection
complex (pCMV1acZ:DMBC) was applied  to the cells for different time
periods, following which it was removed and  the cells cultured in complete
medium for 48 h before harvesting and enzymatic analyses. a-Gal activity is
detectable even when the transfection  20 time is as short as 15 min and
this activity increases with the duration of  exposure to the transfection
agent (Figure 8A). There is a 4.8 fold  difference in transfection rates
between a 15 min exposure and a 2 h  exposure. In vivo, with longer
exposure times more of the epithelial cells  facing the lumen were
transfected (Figure 8B). 25 EXAMPLE 8: Duration of gene expression in vivo
In mice a-gal expression was monitored at 14, 21 and 30 days post
transfection. By 30 days, expression was greatly reduced but still clearly
30 detectable (Figures 9A and 9B). The durability of the signal could be
the result of a low turnover of urothelial cells in vivo which would result
in the  presence of the pCMVIacZ gene for a longer time. 34 WO 01115755
PCT/SGOO/00130  EXAMPLE 9: Characterization of the effects of DOTAP +
methylated-p-cyelodextrin solubilized cholesterol (DMBC) and transfected
cytokine genes on MB49 cells and tumor growth  



5 In vitro expression of surface protein markers MB49 cells were
transfected with cytokine genes singly and in  combination. Two days later
expression was determined by flow cytometry.  An increase in the proportion
of cells that expressed MHC class I, MHC 10 class II, FAS, ICAM I, ICAM II,
B71 and B72 was seen in cells transfected  with the cytokines gene when
compared to untransfected cells, as  summarized in Table 3, below. -  TABLE
3 In vitro expression of surface protein markers. SAMPLE MHC I MRC FAS B7-1
B7-2 ICAM icAM U  II I  UNTREATED 11.1 14.0 13.2 14.6 11.8 13.7 15.1 IL-2
29.8 19.7 68.5 73.4 44.5 27.49 73.8  GMCSF 45.2 17.4 67.1 54.3 28.9 58.6
75.8  IL-2+GMCSF 65.6 37.7 76.9 73.2 73 70.1 67.9 IFN-y 47.87 25.2 74.4
70.7 35.8 30.4 67.8  DMBC 29.5 25.4 34 52.7 31.4 27.3 46.1  PCINEO 24.3
15.8 24.3 31 26.3 19.3 26.3  15 Intratumoral therapy of established tumors
The ability of the transfection system of the invention to deliver
cytokines for the eradication of established tumors was tested. The
transfection compositions comprising DNA encoding the following 20
cytokines (IL-2, IFN-y, GMCSF and IL-2 + GMCSF) were injected
intratumorally in the right flank of tumor-bearing mice 7-10 days after
tumor implantation. The tumor volume in the mice at day 7 is shown in the
35 WO 01/15755 PCT/SGOO/00130  graph of Figure 11. Mice treated with
cytokine gene therapy demonstrated  slower tumor group compared to the
untreated and DMBC controls. Tumor  volume at day 38 (shown in the graph of
Figure 12) was significantly 



smaller for mice transfected with either IFN-y (p=0.041), GMCSF 5
(p=0.0014) or IL-2 + GMCSF (p=0.004). Mice treated with IL-2 only
demonstrated slower tumor growth. Thirty percent of all mice treated with
IFN-y, GMCSF and IL-2 + GMCSF were cured. Tumor volume over the  time (days
7-37) is summarized in the graph of Figure 13. In the untreated  group one
mouse showed local remission but rapidly lost weight and died 10
prematurely suggesting metastatic disease. The cure rate in the mice is
summarized in Table 4 below: Table 4: Cure Rate Treatment Complete Local
Remission  UNTREATED 1/10  DMBC 1/10  IL-2 1/10  IFN-y 3/10  GMCSF 3/10
GMCSF + IL-2 3/9  Cytokine expression in splenocytes 15 Cytokine expression
in the splenocytes of untreated and cytokine  treated tumor bearing mice
was compared with those of normal (no tumor)  mice to see if cytokine
production was affected. All groups expressed  mRNAs for IL-2, IFN-y, TNF-a
and GMCSF. Cytokine treated mice  showed a general increase in cytokine
mRNA production from splenocytes 20 compared to the untreated, DMBC and
normal (no tumor) controls. Mice  treated with GMCSF and IL-2 + GMCSF
produced the largest amounts of  36 WO 01115755 PCT/SG O/00230  GMCSF
compared to the other cytokine treated groups. The results are  summarized
below in Table 5: Table 5 Treatment groups/ IL-2 IFN-y GMCSF TNF-a  



mRNA levels relative to GAPDH (fold  increase)  IL-2 8.4 3.21 14.5 7.3
GMCSF 5.6 2.92 22.6 5.25  1FN_y 2.3 6.4 10.4 7.8  IL-2+GMCSF 1.5 6.2 28 7.3
PARENTAL 1 1 1 1  CONTROLS 0.19 1.5 1.2 0.6  DMBC 0.18 0.6 1.4 5.5
IL-2+GMCSF+IFN-y 4.3 1.9 8.8 8.9  IL-2+1,FN-y 1.7 1.8 0.97 0.9  5
Phenotypic characterization of splenocytes Flowcytometric analysis of
splenocytes from mice with phenotype- specific monoclonal antibodies showed
that the CD3, CD4+ and CD8  populations in the untreated and DMBC treated
groups were decreased 10 when compared to normal controls. Tumor bearing
mice treated with  cytokine gene therapy had similar profiles to normal
controls for CD3,  CD4+, CD8, NK and a13 populations. The results are
summarized below in  Table 6: 15 37 WO 01/15755 PCT/SGOO/00130  Table 6
Treatment CD4% CD8% CD3% ap% ys % NK  UNTREATED 11.891.09 5.32-L-0.49'
12.711.11 66.1315.59 3.040.55 7512  DMBC 10.590.92 6.340.74 17.121.60
53.684.9 31.617.6 28.581.91 9  CONTROL 16.810.94 11.70.60 27.381.11
74.154.59 2.450.32 31.25.03  IL-2 141.16 16.651.61 23.972.1 534.57
2.840.497 26.682.53  



GMCSF 17.921.74 17.411.73 22.422.3 47.183.5 3.110.46 29.024.52  IL-2+GMCSF
22.9+2.46 14.471.34 31.134.2 49.332.56 12.652.72 64.4214.4  1 IFN-y
21.50-11.94 15.661.77 22.542.62 37.863.08 2.4810.4753 22.862.56  The
results described in this example demonstrate that transfection of 5 murine
bladder cancer cells with single cytokine genes induces an increase  in MHC
class I, class II and Fas expression. This response could make the  cancer
cells more immunogenic. From the intratumoral transfection  experiment, it
was found that IL-2, IFN-y, GMCSF and IL-2 + GMCSF had  similar inhibitory
effects on tumor growth. After 37 days, it was found that 10 there was a
significant difference in tumor size in the groups transfected  with IFN-y,
GMCSF, IL-2 + GMCSF when compared to the untreated  group. This data
demonstrates that DMBC is an effective agent for the  transfection of
urothelial cells in vitro and in vivo. The intratumoral studies  in mice
indicate that the transfection of urothelial tumor cells with cytokine 15
gene delivery by non-viral vectors can result in the abrogation of tumor
growth. Although the foregoing invention has been described in some detail
by way of illustration and example for purposes of clarity and 20
understanding, it will be apparent to those skilled in the art that certain
changes and modifications may be practical. Therefore, the description and
38 WO 01/15755 PCT/SGOO/00130  examples should not be construed as limiting
the scope of the invention, which is delineated by the appended claims.  39
WO 01/15755 PCT/SGOO/00130  CLAIMS  We claim: 1. A method for transfecting
a polynucleotide into cells, the method  5 comprising: 



combining:  (i) at least one polynucleotide; (ii) a cationic lipid, a
cationic polymer or a dendrimer, or a  combination thereof; and 10 (iii) a
solubilized cholesterol preparation  to form a transfection composition;
and applying the transfection composition to cells, such that the cells
are transfected with the polynucleotide. 15 2. The method of claim 1,
wherein the solubilized cholesterol  preparation comprises cholesterol
solubilized with a cyclodextrin. 3. The method of claim 2, wherein the
cyclodextrin is methyl-p- cyclodextrin. 20 4. The method of claim 2,
wherein the cyclodextrin is selected from  the group consisting of
alpha-cyclodextrin, beta-cyclodextrin, gamma- cyclodextrin, sulfated
beta-cyclodextrin, tertiary amine beta-cyclodextrin,  quaternary amine
beta-cyclodextrin, 2-hydroxypropyl-beta-cyclodextrin, 25
2,6-di-O-methyl-beta-cyclodextrin, hydroxyethyl-beta-cyclodextrin, 6-
deoxy-6-S-beta-D-galactopyranosyl-6-thio-cyclomalto-heptaose,
sulfobutylether-beta-cyclodextrin, carboxymethyl-beta-cyclodextrin,
carboxymethyl-ethyl-beta-cyclodextrin, diethyl-beta-cyclodextrin, dimethyl-
beta-cyclodextrin, random methyl-beta-cyclodextrin, glucosyl-beta 30
cyclodextrin and maltosyl-beta-cyclodextrin. 40 ~hull llljI 11till L S WO
Oll15755 PCT/SGOU/00130  5. The method of claim 1, wherein (ii) is a
cationic lipid which is  DOTAP. 6. The method of claim 1, wherein (ii) is a
dendrimer which is  5 Superfect. 7. The method of claim 1, wherein (ii) is
selected from the group  



consisting of DOPE, DOTMA, DOGS, DODAB, DODAC, DOSPA, DC- Chol, DOIC, DOPC,
DAME, PAMAM, polylysine, polyhistidine, 10 polyarginine, polyethyleneimine,
poly(4-vinylpyridine), poly(vinylamine),  poly(4-vinyl-N-alkyl pyridinium
halide), or combinations thereof. 8. The method of claim 1, wherein the
polynucleotide is plasmid  DNA. 15 9. The method of claim 1, wherein the
polynucleotide is selected  from the group consisting of viral DNA,
chromosomal fragments, antisense  oligonucleotides, antisense
phosphorothioate oligonucleotides, RNA  molecules and ribozymes, or
combinations thereof. 20 10. The method of claim 1, wherein the cells are
eukaryotic cells.  11. The method of claim 10, wherein the cells are
mammalian cells.  25 12. The method of claim 11, wherein the cells are
urothelial cells. 13. The method of claim 1, wherein the transfection
composition is  applied to cells in culture. 30 14. The method of claim 1,
wherein the transfection composition is  applied to cells in vivo. 41
IIII11111111111111111111111 WO 01/15755 PCT/SG00/00130  15. The method of
claim 12, wherein the transfection composition is applied to urothelial
cells in vivo by intravesical delivery to a bladder of a  subject. 5 16. In
a method for transfecting a polynucleotide into cells wherein  the
polynucleotide is complexed with a cationic lipid, a cationic polymer or  a
dendrimer and applied to cells, the improvement comprising formulating  the
polynucleotide and the cationic lipid, cationic polymer or dendrimer  with
a solubilized cholesterol preparation. 10 17. The method of claim 16,
wherein the solubilized cholesterol  



preparation comprises cholesterol solubilized with a cyclodextrin. 18. The
method of claim 17, wherein the cyclodextrin is methyl-R- 15 cyclodextrin.
19. The method of claim 17, wherein the cyclodextrin is selected  from the
group consisting of alpha-cyclodextrin, beta-cyclodextrin, gamma-
cyclodextrin, sulfated beta-cyclodextrin, tertiary amine beta-cyclodextrin,
20 quaternary amine beta-cyclodextrin, 2-hydroxypropyl-beta-cyclodextrin,
2,6-di-O-methyl-beta-cyclodextrin, hydroxyethyl-beta-cyclodextrin, 6-
deoxy-6-S-beta-D-galactopyranosyl-6-thio-cyclomalto-heptaose,
sulfobutylether-beta-cyclodextrin, carboxymethyl-beta-cyclodextrin,
carboxymethyl-ethyl-beta-cyclodextrin, diethyl-beta-cyclodextrin, dimethyl
25 beta-cyclodextrin, random methyl-beta-cyclodextrin, glucosyl-beta-
cyclodextrin and maltosyl-beta-cyclodextrin. 20. The method of claim 16,
wherein the cationic lipid is DOTAP.  30 21. The method of claim 16,
wherein the dendrimer is Superfect. 42 I IllIIiJ III1ILIIOJI IIIII II 1111
S WO 01/15755 PCT/SGOO10OI3O  22. The method of claim 16, wherein the
cationic lipid, cationic polymer or dendrimer is selected from the group
consisting of DOPE,  DOTMA, DOGS, DODAB, DODAC, DOSPA, DC-Choi, DOIC, DOPC,
DMRIE, PAMAM, polylysine, polyhistidine, polyarginine, 5 polyethyleneimine,
poly(4-vinylpyridine), poly(vinylamine), poly(4-vinyl- N-alkyl pyridinium
halide), or combinations thereof. 23. The method of claim 16, wherein the
polynucleotide is plasmid  DNA. 10 24. The method of claim 16, wherein the
polynucleotide is selected  from the group consisting of viral DNA,
chromosomal fragments, antisense  oligonucleotides, antisense
phosphorothioate oligonucleotides, RNA  molecules and ribozymes, or
combinations thereof. 



15 25. The method of claim 16, wherein the cells are eukaryotic cells.  26.
The method of claim 25, wherein the cells are mammalian cells.  20 27. The
method of claim 26, wherein the cells are urothelial cells. 28. The method
of claim 16, wherein the polynucleotide is applied to  cells in culture. 25
29. The method of claim 16, wherein the polynucleotide is applied to  cells
in vivo. 30. The method of claim 27, wherein the polynucleotide is applied
to  urothelial cells in vivo by intravesical delivery to a bladder of a
subject. 30 31. A method for delivering a pharmaceutical agent into
urothelial  cells of a subject, the method comprising: 43 IIIIIII JIl1II
IIIII 11111 IN * C L M S WO 01/15755 PCT/SGOO/00130  combining the
pharmaceutical agent with a solubilized cholesterol preparation to form a
pharmaceutical composition; and delivering the pharmaceutical composition
intravesicularly into the  bladder of the subject, such that the
pharmaceutical agent is delivered into  5 urothelial cells of the subject.
32. The method of claim 31, wherein the solubilized cholesterol
preparation comprises cholesterol solubilized with a cyclodextrin. 10 33.
The method of claim 32, wherein the cyclodextrin is methyl-A- cyclodextrin.
34. The method of claim 32, wherein the cyclodextrin is selected  from the
group consisting of alpha-cyclodextrin, beta-cyclodextrin, gamma- 15
cyclodextrin, sulfated beta-cyclodextrin, tertiary amine beta-cyclodextrin,
quaternary amine beta-cyclodextrin, 2-hydroxypropyl-beta-cyclodextrin,
2,6-di-O-methyl-beta-cyclodextrin, hydroxyethyl-beta-cyclodextrin, 6- 



deoxy-6-S-beta-D-galactopyranosyl-6-thio-cyclomalto-heptaose,
sulfobutylether-beta-cyclodextrin, carboxymethyl-beta-cyclodextrin, 20
carboxymethyl-ethyl-beta-cyclodextrin, diethyl-beta-cyclodextrin, dimethyl-
beta-cyclodextrin, random methyl-beta-cyclodextrin, glucosyl-beta-
cyclodextrin and maltosyl-beta-cyclodextrin. 35. The method of claim 31,
wherein the pharmaceutical agent 25 comprises: (i) at least one
polynucleotide and (ii) a cationic lipid, a cationic  polymer or a
dendrimer, or combinations thereof. 36. The method of claim 35, wherein
(ii) is a cationic lipid which is  DOTAP. 30 37. The method of claim 35,
wherein (ii) is a dendrimer which is  Superfect. 44
iIIIIII'IIIIIIIIIIiVIIIIIIIII C L M S WO 01/15755 PCT/SGO0100130  38. The
method of claim 35, wherein the cationic lipid, cationic polymer or
dendrimer is selected from the group consisting of DOPE,  DOTMA, DOGS,
DODAB, DODAC, DOSPA, DC-Chol, DOIC, DOPC,  5 DMRIE, PAMAM, polylysine,
polyhistidine, polyarginine, polyethyleneimine, poly(4-vinylpyridine),
poly(vinylamine), poly(4-vinyl- N-alkyl pyridinium halide), or combinations
thereof. 39. The method of claim 35, wherein the polynucleotide is plasmid
10 DNA. 40. The method of claim 35, wherein the polynucleotide is selected
from the group consisting of viral DNA, chromosomal fragments, antisense
oligonucleotides, antisense phosphorothioate oligonucleotides, RNA 15
molecules and ribozymes, or combinations thereof. 41. A method for treating
bladder cancer in a subject, the method  comprising: combining a
pharmaceutical agent with a solubilized cholesterol  



20 preparation to form a therapeutic composition, wherein the
pharmaceutical  agent has anti-cancer activity against bladder cancer
cells; and delivering the therapeutic composition intravesicularly into the
bladder of a subject, such that bladder cancer cells of the subject are
treated  with the pharmaceutical agent. 25 42. The method of claim 41,
wherein the solubilized cholesterol  preparation comprises cholesterol
solubilized with a cyclodextrin. 43. The method of claim 42, wherein the
cyclodextrin is methyl-3- 30 cyclodextrin. 45~~ . I -~ ,~ *. ,~ Sep WO
01/15755 PCT/SGOO/00130  44. The method of claim 42, wherein the
cyclodextrin is selected from the group consisting of alpha-cyclodextrin,
beta-cyclodextrin, gamma- cyclodextrin, sulfated beta-cyclodextrin,
tertiary amine beta-cyclodextrin,  quaternary amine beta-cyclodextrin,
2-hydroxypropyl-beta-cyclodextrin, 5 2,6-di-O-methyl-beta-cyclodextrin,
hydroxyethyl-beta-cyclodextrin, 6-
deoxy-6-S-beta-D-galactopyranosyl-6-thio-cyclomalto-heptaose,
sulfobutylether-beta-cyclodextrin, carboxymethyl-beta-cyclodextrin,
carboxymethyl-ethyl-beta-cyclodextrin, diethyl-beta-cyclodextrin, dimethyl-
beta-cyclodextrin, random methyl-beta-cyclodextrin, glucosyl-beta 10
cyclodextrin and maltosyl-beta-cyclodextrin. 45. The method of claim 41,
wherein the pharmaceutical agent  comprises: (i) at least one
polynucleotide and (ii) a cationic lipid, a cationic  polymer or a
dendrimer, or combinations thereof. 15 46. The method of claim 45, wherein
(ii) is a cationic lipid which is  DOTAP. 47. The method of claim 45,
wherein (ii) is dendrimer which is  



20 Superfect. 48. The method of claim 45, wherein the cationic lipid,
cationic  polymer or dendrimer is selected from the group consisting of
DOPE,  DOTMA, DOGS, DODAB, DODAC, DOSPA, DC-Chol, DOIC, DOPC, 25 DMRIE,
PAMAM, polylysine, polyhistidine, polyarginine,  polyethyleneimine,
poly(4-vinylpyridine), poly(vinylamine), poly(4-vinyl- N-alkyl pyridinium
halide), or combinations thereof. 49. The method of claim 45, wherein the
polynucleotide comprises  30 at least one expression vector encoding at
least one protein selected from the  group consisting of interleukins,
interferon, colony stimulating factors, 46 IltIg ~f1~{1 ~'~II 1{1 111 I'~l
WO 01/15755 PCT/SCOO/00130  anti-angiogenic factors, anti-metastatic
factors, membrane receptors and tumor suppressors. 50. The method of claim
45, wherein the polynucleotide comprises  5 an expression vector encoding a
protein selected from the group consisting  of interleukin-1 (IL-1),
interleukin-2 (IL-2), interleukin-6 (IL-6),  interleukin-9 (IL-9),
interleukin-11 (IL-11), interleukin- 12 (IL- 12),  interleukin-13 (IL-13),
interleukin- 18 (IL-18), interferon-a, interferon-3,  interferon-y,
granulocyte-macrophage colony stimulating factor (GMCSF), 10 granulocyte
colony stimulating factor (GCSF), macrophage colony  stimulating factor
(MCSF), heat shock protein (HSP), p53, an antagonist of  vascular
endothelial cell growth factor (VEGF), a tissue inhibitor of
metalloproteinases (TIMP), and a fibronectin receptor. 15 51. The method of
claim 45, wherein the polynucleotide comprises  an expression vector
encoding interleukin-2 (IL-2). 52. The method of claim 45, wherein the
polynucleotide comprises  an expression vector encoding granulocyte
macrophage colony stimulating  20 factor (GMCSF). 53. The method of claim
45, wherein the polynucleotide comprises  an expression vector encoding
interferon-y. 



25 54. The method of claim 45, wherein the polynucleotide comprises  at
least one expression vector encoding two or more of interleukin-2 (IL-2),
granulocyte macrophage colony stimulating factor (GMCSF) and interferon- y
30 55. The method of claim 41, which further comprises performing an
additional anti-bladder cancer treatment on the subject. 47 WO 01/15755
PCT/SGOO/00130  56. The method of claim 55, wherein the additional
anti-bladder cancer treatment comprises Bacillus Calmette-Guerin (BCG)
therapy.  57. A transfection composition comprising: 5 (i) a
polynucleotide; (ii) a cationic lipid, a cationic polymer or a dendrimer,
or  combinations thereof; and (iii) a solubilized cholesterol preparation.
10 58. The transfection composition of claim 57, wherein the  solubilized
cholesterol preparation comprises cholesterol solubilized with a
cyclodextrin. 59. The transfection composition of claim 58, wherein the  15
cyclodextrin is methyl-p-cyclodextrin. 60. The transfection composition of
claim 58, wherein the  cyclodextrin is selected from the group consisting
of alpha-cyclodextrin,  beta-cyclodextrin, gamma-cyclodextrin, sulfated
beta-cyclodextrin, tertiary 20 amine beta-cyclodextrin, quaternary amine
beta-cyclodextrin, 2- hydroxypropyl-beta-cyclodextrin,
2,6-di-O-methyl-beta-cyclodextrin,  hydroxyethyl-beta-cyclodextrin,
6-deoxy-6-S-beta-D-galactopyranosyl-6- thio-cyclomalto-heptaose,
sulfobutylether-beta-cyclodextrin,  carboxymethyl-beta-cyclodextrin,
carboxymethyl-ethyl-beta-cyclodextrin, 25 diethyl-beta-cyclodextrin,
dimethyl-beta-cyclodextrin, random methyl-beta- cyclodextrin,
glucosyl-beta-cyclodextrin and maltosyl-beta-cyclodextrin.  61. The
transfection composition of claim 57, wherein (ii) is a  



cationic lipid which is DOTAP. 30 62. The transfection composition of claim
57, wherein (ii) is a  dendrimer which is Superfect. 48 + '
li*i1111l11III1111111111III1l ~' r C L M S WO 01/15755 PCT/SGOO/00130  63.
The transfection composition of claim 57, wherein the cationic lipid,
cationic polymer or dendrimer is selected from the group consisting of
DOPE, DOTMA, DOGS, DODAB, DODAC, DOSPA, DC-Chol, DOIC, 5 DOPC, DMRIE,
PAMAM, polylysine, polyhistidine, polyarginine,  polyethyleneimine,
poly(4-vinylpyridine), poly(vinylamine), poly(4-vinyl- N-alkyl pyridinium
halide), or combinations thereof. 64. The transfection composition of claim
57, wherein the  10 polynucleotide is plasmid DNA. 65. The transfection
composition of claim 57, wherein the  polynucleotide is selected from the
group consisting of viral DNA,  chromosomal fragments, antisense
oligonucleotides, antisense 15 phosphorothioate oligonucleotides, RNA
molecules and ribozymes, or  combinations thereof. 11~11~~~.  1 ~ 11 ~
111111 ~ 111 a . ~ .. 5 . ~ . , ,  49 




