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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
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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
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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
urcepithelial 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-B-
cyclodextrin. Although particularly preferred for transfection of urothelial

cells either in vitro or in vivo, the tfransfection methods of the invention can
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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,
polyethyleneimine, poly(4-vinylpyridine), poly(vinylamine), poly(4-vinyl-
N-alky] 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.
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methyl-B-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
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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 inglude 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),

25 interferon-a, interferon-, 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
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receptors? Part iC@lingieGueindBGGdberagst ot ei ns i ncl ude 1L-2, GVCSF and

interferon-y, and CO@HEQ@B&% &pgﬁglggr}vgg@oélvggn%{s};&%gféggé SQ00/ 00130 The

nmet hod of the inventio or treatl rYcancer SO Ccan invol ve
perform ng an addinpositials. ht invehtisdeovidencieansfecdad tomositiont he  subj ect. For
exanple, a preferred .additi i - bl adder cancer, treatnent . that can be

i onal nt
conmbi ned with tI‘meP’f%ﬁ%:r?é?ﬁmr?EF Hg‘éf“\‘ﬁ‘eqf & ?l'i*fsfe%?ﬁﬂaﬁmihé’@é&?‘M% 5

Cal met t e- Guerinpg of H@ErAAYner; 2t lalsoRBALELENASREA prQfardiiBE, | NVeNtion
pertains to transfection conpositions. The invention provides a

transfeci®on codpdeiblyothe selubiizédsholestera! praparstion nempridey chod¢stawoli de; either a

cationic lipid, t 1 oni ol . Of. dendr,i nmer, .and a so | 1ized

chol esterol pr eﬁ?il?’g@iz%‘ﬁmtﬁﬁgﬁ'%&g _|P§?fefaﬁ& |°ef5’1°f1‘?’%la*s ?ﬁ’)(j' “er ol

preparati on conpydlsdsirid) ab@et fitahle cﬁ%d&?tdrﬂs 1R9ud¥ dfhadty 646648 Hetal N

Preferably, the cyclodextrin is nethyl - p}-f tgdvecl odextrin. O her suitable
a

cycl odextrins i Ar¢lodft, pramerytlodestn, ish beja-cysledestiion tartiary
gamma- cycl odext [ L.k ] t a- i), rtiary, amne
bet a- cycl odextr %}r?gheqb%ggt é&%@%ﬁaﬁ@ﬁe&%%? gl%gél;eé)le%d%{(cﬁd %”%1‘%’22 15

hydr oxypi®pyl - baydroeyrbmddetardynlodxthin,dl,6-G-Oahéti1-teed-ayclodek@glext ri n,

ST s
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,
DMRIE, 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.



car boxynet hyl - bet a- cycl odextrin, carboxynethyl-ethyl-beta-cyclodextrin,

di et hyl weediassgcl odextrin, di rret hyl - bet a- cycl odextrin, rpeageso@EsNOY! - bet a
20 cycl odextrin, glucosyl-beta-cyclodextrin and nal tosyl bet a- cycl odextrin.

A preferred cationic lipid is DOTAP, whereas a preferred dendriner is
Superfect. O her suitable cationic |ipids and dendriners include DOPE,
DOTMA, DOGS, DODAB, DODAC, DOSPA, DC-Chol, DA C, DOPC, DMR IE, PAVAM

pol yl ysi ne, pol yhi sti di BRIERBE TIONQF ITHHD gnei m ne,

pol y(4-vinyl pyridine), poly(vinylamne), poly(4-vinyl- Nalkyl pyridinium
hal i de), or conbinations thereof. The transfection conposition can

conprise one or Fipirgs PA-1€ éf@bh&&gi-aﬁﬂs o?@itﬂé}%hﬁﬁbtfécﬁ&ﬁcelﬁ'dﬁ&llsas pl asni d DNA,
viral DNA, chronosSonal fr%%man s, antisense i gonucl eot i1 des, antisense

phosphdr ot hi oﬁwfmﬁdg@ﬁuE #H erdaMBR\omparing tb@ W@@fmmeﬁﬂlmﬁ/ mes, or
conbi nati ons 5 SCRI PTI ON OF
THE DRAW NGS m{”af%\t?p\é\gggéhgﬁgt gﬁ’?%#}é%‘?équ&ﬁ%m Bﬁ{)r é%g? ected cells or

cells 5 transitmtvexd] Migah D&B’v&@elﬁrw@%sfmmﬁh POMVIRcZ/DETARAnEXPr €sSi on
of the pCwLacZ repoyrter tsl-\,% ntransfected cells (Figure IA) did not
stain with X-Base stas\n?dawsaeaewgl 128! (Fagire { Bh ¢ Bgostpetiongvifi/1ac z/ DOTAP and

these stai ned,Bpar E th
pCWi acZz/ Dwgresdﬁézg%%égeﬁ@%%&)ggs%&ﬁg% e nu% %%(t 1tWBOS| tive 10

cel | s(I®i gure QelKingms}C)tThtrsstrwtfﬁcannefffcmc:emyeasedzfoﬁawmg thel | owi ng t he
addition of ne con ai.ni chol ol t o DOTAP
(D). Figure 12 éfsrﬁ%f\ﬁﬁégﬁﬁo%ﬁ 9‘?& aE’H’ég %S&m‘ﬁ@h?é& ot#yE ventional 15
transfection _nt s. Cells transfected with DOTAP+ met hyl - p-cycl odextrin

cont ai ni ng chol’esterol (DWVBC) or Superfect + nethyl-(3-cyclodextrin
cont ai ni ng chol esterol (SMBC) showed an increase in the nunber of cells

st ai ni ng p05| ti \;E%Jrg PRS gg%raéeﬁﬂo%ffog\x%@%&%fwg%con\Qent1§Ha[ferfeCt al one.

MBC di d not enh e up
15 transfectlon agents. Cells transfected with DOTAP+ methyl-B-cyclodextrin

containing cholesterol (DMBC) or Superfect + methyl-B-cyclodextrin
containing cholesterol (SMBC) showed an increase in the number of cells
staining positive for B-gal activity compared to DOTAP or Superfect alone.
MBC did not enhance the uptake of naked DNA.
20
Figure 1E is a bar graph showing a comparison of the transfection
efficiency of DMBC and conventional DOTAP:cholesterol (AVDC).
Untransfected cells (CON) showed no B-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 pPCMVLacZ
gene with time. B-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 B-gal



20 Figure IE is a bar graph show ng a conparison of the transfection

ef fici enayo@idiPC and conventional DOTAP: chol esterol (ARG 3
Untransfected cells (CON) showed no j3-gal activity as neas?JSrGggo%yethe
optical density at 420nm AVDC was able to transfect Cos-7 cells but did 25

not transfect MB49 cells efficiently. |n coptr DVB s able to
transfect MB492ERY! S“S%h%bgﬁ}apﬁb@ﬁyr%%#’e%%i gﬁ“‘gﬁ ??ﬁegt%??wrﬁg!‘? cell's.
Fi gures 2A-2B g4 rhah 1048052 gm%igrgﬁ?gg_r ession of the pCWLacZ gene with

time. n-gal activity was seen as e s one hour after 30 transfection
and steadily increased up to 48 h (Figure 2A). Cells were transfected as

described in the a ction .a ssaved for.n-gal 8 01115755 PC
| SGD0/ 00130 actiWhg‘?’%r%g?ﬂ S%\‘lﬁ@ﬂgé‘g?%a 7?%?“%°%$c&°sﬁ‘ygnd 12 days.
P-gal expressi efthenPOTABED) biODRIBGA THedretRice dffthUdc gty waki gures 3A- 3B

denonstrate DNA internalizatign by cells exposed to__5 either DOTAP (D) or
DVBC. The pr esdgeniped fosaniransfected fad ansfeqied @llppsiag PESFignre Hsf ect ed and

transfected cel i %ﬁ_s Ej Tﬁ% positive
control. The e%@%ggi‘%%ug %éjoglgggcger?ie' re Hs%@ﬁ?g&%%gav\gs det erm ned
by densi t onmet r irelathean GARDA fwak detefiiRed Py dahisitbracteit sannmgaf ded (el

el ectrophoresis (Figure 3B). 1 igures 4A-4B d nstrate | ocalisation of
pl asmi d DNA bypﬁéf’ afif Sﬁﬁgsefﬁ? phoges! §7%4ation products. The lacz
gene waggfound in both the nuclear (N) and cytoplasmc (CY) fractions of
cells transfected wth DVBC but only in the cytoplasmc fraction for cells

transfected with liiBUWAF’fR@Wnowfgi,a_ﬁf@aﬁ-gﬁsmgma%lniémmbmm&i c analysis of
nucl ear (N) and 61 R ARRER (O aLLAR L OR5:! Thelapy ok BORRH 1,001 o5

5A-5B are bar gr OW Ng antipro eratrvee
conpl ex. The ambihehudlier Q¥) ael BtdpbeiniofCY)Eactiond dfwellgragtuoted; 20 DM

BC/ DNA, DOTAP( D)./ DNA.. DNA, DVBC, DOTAP(D) ~and NBC )
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(DYDNA, DNA, DMBC, DOTAP(D) and MBC
were compared to unireated 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 [*C]-thymidine in

transfected and untransfected cells.

25
Figures 6A-6B are photographs showing transfection of urothelial cells
in vive. Transfected bladders were harvested 2 days later and stained for 8-
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)



were conpared to untreated MB49 cells (CON) after a 2h (Figure 5A) .and 24h
(Fi gur eMSBV158%60sure. The relative antiproliferative ef PEESGAYI3Uet er m ned
48h | ater by conparing the incorporation of ['4C -thymdine in transfected

and untransfected cells. 25 Figures 6A-6B are phot ographs show ng
transfection of Figuse Ashews cellular localization pEpCMVIsZ afetgansieatider s wer e
harvested 2 d r i § d I i fMity. The

unt r ansf ect ed& géggzen? g/\)/g%mfjgte)% de}llgrq% fﬁcg%a?%eﬁg%gﬂgé?yfo(%%@rde 6A). In the
transfect ed blisdeeOrganphirmestédafron alitstranafdcteg wikieth80 | unmen st ai ned positive

(Figure 6B). ificatian X4 9 0 755 PCT/ SO/ 00130 Figure 7
shows cel | ul aé%kmgﬁ°w?%d§f@£gf#@ét ﬁé’ﬁ%‘}%%}?gt ransf ection.

Or gans sf rom U%lﬁ@ébﬁﬁ@hé‘rﬁ ifflafl %ég%_@ei b 8fhdfer s coRii&l by BERSUE. Organs
harvested frommce transfected wwth the pCwLacZ/ DMBC conpl ex are

| abel | ed DMBC. Absence of (3 5 gal actosidase gene in all organs except the
bl adder was conf '.rmeg bg ECR Fsi}%‘%ne t?lé\e'gsctaflgar ”%131? show ng the effect
of exposure ti dE8R At] & %’:f%%‘mo &5 R %c? PP EER 1s were exposed
to the DNA. DiBfsfectioneffRientpin vibo. 86lls WereaRposkdto the DNA: BMBE®. Longer
exposure times 10 inpraoved the transfection_efficiency as neasured by the
per cent age of camaplpxfordfq30s 60 apd7Q myrbinyitre, longer exposyigtinespi - 8Bi v are

hot ogryaphs s 1 . i ion efficienc
POV HPAPED  CRELAA O fafblicREh offcikp QSR B pekABN kIO B o1 ency
15m n, ii) 30stained positivet@ith X-gahd i v) 120mi n (Magnification X 40). Mre

urothelial cells were stained with X- gal with tine. Figures 9A-9B are
phot ographs showi ng the duration of expression in 20 vivo after a single

intravesical i nsm%dré 8Bi-8Biv al¥pholayaptaf shewirlg tBE 8ffet of Spobiire timfBgror i ty of
cells facing the Tunmen stained positive with X-gal (Figure 9A). Thirty
days | ater a-Gensfestipn efisienpy dovive Blefders weregirpeseddathen a reduced

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 SA).
Thirty days later p-gal expression could still be observed in a reduced
number of cells (Figure 9B) (Magnification X100).

25 Figures 10A-10B 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 pCMVlacZ:DMBC
for 2 h. Blue staining was observed in the superficial luminal cell layers of
the hyperplasia. (Magnification X100).

30
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nunber of cells (Figure 9B) (Magnification X100). 25 Figures | OA-l OB are
phot ogr aphe mhewesng X-gal staining of normal (Figure 10Apcascoowger pl asi a
(Figure 10B) bl adder sections. Bl adder i rrpl anted with MB49 tunor cells
were transfected with pCwlacZ: DMBC for . Bl ue_staining was, observed in
the superficial | & 1Iéé|aranhasp@ff@gém0&w@mﬁéaﬁ|7a§imace 9eRSYEY cati on

X100). 30 10 / g ¥ showi ng tunor
vol ume at day ){P(#lm %@gf@@?@ (?lﬁl cyt nkltntemggrglg df?f?é(gy I'T-2, GVCSF,
IL-2 + GMCSF orDMBC #1)in apmuntredtdd cobv®lC or in an untreated control. 5 Figure

12 is a graph showing tunor volune at day 38 in mce treated wth cytokine
gene therapy (IL-2, GUCSF, IL-2 + GMCSF or IFN-y), or wth DMVMBC or in an

untreateg control g iregw&a;g?agh%ha”&gmhoﬁmmaaymnmettfeateever time
(days 7-37) in 10 ce tre d wth cyt oki ne gene therapy (IL-2, GVCSF,

| L-2 + GMCSF orwith Eyteline gamre thertgy MBOGHICSH) o u@GMESEt edFNey)sarol . DETAI LED
DESCRI PTI ON COF TQ@W‘EMJ ON Throyghout this disclosure, various

publ i cati ons, REE5 YRERRte 0E)at ent applications are referenced
by an identi fy| ng citation. The disclosures of these publications, patents
and published patent applications are hereby incorporated by reference
into the present #igud ﬁ’slatagrmhShwmgmmbﬂxplldmevqrmet(ﬁwss%é'l)enof the art to

whi ch thi.s inventi in So t in readily
under st 8d cer'PSP N gef’tg‘g ?} kgﬂgge?emﬁ%aﬁ%lglh \g’g\ﬂbgg r%r;%% Cﬁg?gpﬁg t he
various forms gbEN-y)eold WHDMB@BSheauntrefedeontrol.t r ansf ecting”,
"transfected") are intended to refer to the process of introducing a

pol ynucl eoti de nol ecule froman exterior location into the interior of a

cell. 25 As used herei %Efﬁiéﬁbgkéﬁﬁlﬁ%@bﬁﬁﬂjﬁvwwe" is intended to

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 “polynuclectide 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

ti



enconpass nol ecul es conprised of two or nore covalently |inked nucleotide
bases, WR8MRIFhg deoxyri bonucl eic acid (DNA) nol ecul es rawWsGed/deessuc! ei c
acid (RNA) nol ecul es. The nucl eotides form ng the polynucl eotide nol ecul e
typically are linked to each other by 30 phosphodi ester |inkages, although
the term" polrwluﬂilmhd':ld@e plasrRid DA, vifal DN A chidthevdeed fagmerits,onpass.

nucl eoti des |inked ly ot her .l i nkages, such as, phosphorothioate |inkages.

Nonl i miting ERHMRSSES &ﬂﬂuﬂs?tgﬁ?adn@&%ehqwhwlmmqslmudm@sod 00130

nol ecul es i NGRNASndIb&dN aHld dsral DNA, chronpsonal fragnments, antisense
ol i gonucl eoti des, antisense phosp horot hi oat e ol i gonucl eoti des, RNA
nmol ecul es and ri bo‘zg/useéherﬂm th;etcinh‘énaeomp lipid ig mltendéatatnefnmtcc lipid" is

i ntended to ref.er,to es, co ast on and nost
typicafly tws™® 1?%’11?53)“’3}??18“1 %ﬁ#:‘?"@t A BSSFXH‘ hémj a8tfdpol ar head
group. Typi CahaigdbhdRp6sitivedy Qfargelﬂ%fhr abamgﬁmﬁ owﬁﬁu&l cafidms lipids hexadecy!

(cetyl, C16) fatty acid chains, although the term”cationic lipid" alsois

i ntended to &AEOAHES dodacy] @92)\MrlhﬁxadF%tll(‘§ﬁ‘3dC€ct) &attyiasid abminst her | engt hs.
Nonl t
k1475 SR S AL B 08

phosphat i dy| datiyaanid elmimsegf ofMST Mhg(ts 2 Nonhimit{ng exagip)gsrofpatidnid ipidet hyl anmoni um

chl OI‘I& Dﬁ? di oct adecyl am do glycyl sperm ne) 15 DODAB (di octadecyl
di ammbfi um br DODAC (di oct adecyl di ammoni um chl ori de) DOSPA (2,3

di ol eoyl oxy- N-[ spgmgpqu%mmgﬂgyia]m%ﬁhm‘&%pyl - | -propanam ni um
DC- Chol (3p[N-(Nn", di met hyl am noet hane) - 20 cCarbanoyl ] chol esterol,
di ol eoyl) DOC (1-13[@31@ (dielegylphysphetidyletharlashipe) | - 3- (2- hydr oxyet hyl )
I m dazol i ni um chl cﬁ(b’f‘l@l?/\ ([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-1-propanaminium)
DC-Chol (3B[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 dimethy! 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



DOPC (di ol eoyl phosphatidyl choline) DVRIE (dinyristooxypropyl dinethyl
hydroxyetWﬁlamm um 25 brom de) As used herein, the teporScmibrni c
polymer" is intended to refer to positively charged pol ymers having the
capacity to condense nucleic acid (e, . Cationic polyners include
pol yel ectrol ytes andA%&%eFié?Fﬁe@,ﬂ}Sé¢%éﬁ§{‘M§ lmwpii?ﬁtplfﬁ%fgb@éﬂ%s of

cationic pol yney 0 gi ni ne,

pol yet hyl enei m%%b%%Q#%%%I ;? sﬁh py”lpcg#ﬂ4 %ﬁajtg gi?’etleny a%{ ne) and

pol y(4-vinyl - I\I—ahﬂnymupwnrdbymphmncahgﬂomdﬂe)n layie?s. W@llxﬂmhgsﬂﬁ@lﬂ(b’f/ SGOO 00130
As used herein, geterm"‘ger | g | nht.ended to refer to cationic
starburst poly MEFdREY f:fner"f“é: mers that originate from an
anmoni umscor e by sphgg iieahe@ir0Weherhi™chakaeRi” Dombddal td Reerexanpl es of
dendriners include Superfect and PAMMM 5 As used herein, the term

"chol esterol " isatiralle-pepuringstereidalcohel (steraichaying fm}«nf@&ﬁﬁnngs,rﬁg weller oi d
al cool (ster ol ) M hohhe LUSE s sB05 oo @SlEles difcdrbe SG1ERD, M L | OO

chain fatty aci ana ues y to

nmodul at e menbr agiglitllte didhMte n@hﬁﬂrﬁﬁiiﬁﬁmty a(rlcbiestmbleaaaeh@hstaat &fcds are
conponents of plasma |ipoproteins and the outer cell nmenbrane of 10 ani nmal
cells, and have®® ﬁ@naweptsw&p{aémﬁﬁmrat@@sM&e&ﬁ@rw Limgmpiane ofnol est er ol

aral ogua, Dat ghelAnkie bl 1yt T RSBsenaaly 1 0 v are Know

36: 10959- 10974) Choiestérnicdnalbgyesfthat retxiariu aéa,ilitswhmﬂe?steenenbranaﬂtégimn 3p-ol -
20- one, 4- cholest 5-chal:es used herein, the
term "sol ubi | i Z88 %W&%E%ESEBF& f wr g?leggmlgwAg P refer to a
preparation in ydqmdsgqbgm%@mkudeaﬁr @;%rﬂ)lé’\@t&'bleséﬁé lsb;srkgxzeﬁ@wl ng a

sol ubi I'i zi ng agent that increases the aqueous solubility” of

chol esterol (i.&-gng H@ho}astelr-3smcaﬂzrl$nchqlea§¢n-3ﬁee sol ubul i zed choI est erol
preparat |50n s hi ghe&s useg ﬂer%gxeth én%r“sgf?zlx‘nﬂlze ﬁo\fes&)erolcpr}%a? %{0%1’, %l alone). The

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
menitored 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. e al. (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



20 solubilizing agent typically is a water soluble conpound that has a
cavity WOIASHRI ch |ipophilic nolecules can be packaged PCF/SE08P13Y
solubilizing agents are cyclodextrins. Solubilization of the chol esterol
(e.g., incorporatjon into a solubjlizing agent such as a c&clodextrl n) can

be rmoni t or ed Exelodgyiriss aeluds grojesules haying < of 8 glucepyranose uni

(1,2,6,7- 3H( F?Jaol t i pont / New

Engl and Nucl e gg@ @ém@z%ﬁ%ﬁ%&@sﬂe@mﬁéﬁ, gp&(@é% | ochem stry

38: 12003- 1201ﬂngs‘|(hxscld>daxmns conthimbig frome @- Bhglhenpysmnote ynishaveabéeon” i s not

I ntended to ref 0 e I nco ed, Lnto t bi |l ayers of a

|i posone. As ﬁgﬁ{f‘ﬁ‘é‘}tg F?ecyf‘ ﬁ*mf}i/%’l%é’ gxfr?q#'?r ufesmqﬁ? to refer to
30 ol i gosacchﬁwbﬂ@ncmkwmsféyasdeﬂmus al¥B liitentled o Bidomip@ssa hydrophi lic outer
surface and a hydrophobic central cavity, wherein this_hydrophobic central

cavity is cap@ﬂﬂvétl‘lﬁs of alphg+, hefat af}écﬂﬂma"@)"-‘é%m&@se"@ agger ringd) est erol ) . 13
WO 01/ 15755 P SCEX " 6, 7
or 8 gl ucopyrégr%‘s"émum ggsnﬁgl(eaf)&gj-c?%de SGEa hg%nng HQ){tﬁlgextrl ng\“ "

respecti vel y) amis besatdychdeitrin gﬁatemamg&n(m)betagmlddexm Zontaining from9-13
glucopyranose units haye bee I sol at al t hou cl odextrins are
preferred forEXfEEXYPRORY getﬂr‘:é‘ gﬁiﬁxtmy,%, i‘giégf‘f‘?)'h ‘°¥°§?£"P‘“’§‘yol odextrin" is
al so iyt endedyd R m(aﬁcreeﬁscyehsae,e«ﬁﬁ |60 &cox9T6-RIpefaeD-g aﬁ% raRéNJ1-6-

gama- cycl odextri ns evén ring Sém non- I ng éxanpl es of which
i ncl ude sul faﬁwcmraaltﬂyhﬁP@MtSuh ¢butyleth§11- ycytdﬁdqulbet a-cycl odextrin,

quat ernary am n bet c r.oX t | odextrin,
2, 6-di - O net hY §% (,y(i)6 acfé/el;éfl'lgxr?qn Grbr?ngc& Y?‘%‘gﬁéo"‘e‘?g?"g‘%e% odextrin,
6- deoxy- 6- S- bﬁbﬂryl?ogaicaﬂbmyﬁtﬁﬂﬁﬁgthyl&etd- dbodexing randbm-rhethylatess,

sul f obut yl et her - bet a- cycl Odﬁf;t“ n car b‘cj)]y met hX’L bet a-cycl odextrin,
car boxynet hy| SY¥AMFKIReBlcosy kpearsyslpdextrin EH%FPH];‘»‘PS B?ta-cxsle FF i n,

di met h - bet a50y, eﬁggé;ﬁa&é:éﬁm fo frﬁWxEnJh% fie ﬁ?&Eﬁ&x

gl ucosyl - bet a-cycl o trin and maltos eta-cyc 0 e trin. A 15 preferred
cycl odextrin The stusture md;bharmmcamm applwatnmstdrf;clyelbdemlym gdeniewed. The

structure: and, gt TBC el i, 308! RSALLNS AL/ GHIBSAL Tl T ovT eved
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

compoaosition).
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in Szejtli, J. (1994) Med. Res. Reviews 14:353-386 and Rajewski, R A and
Stel la, VwWDoiiE®86) J. Pharm Sci. 85:1142-1169. As used ber/eGos/ost3ne term

"transfection conposition" refers to a 20 conposition resulting fromthe
conbi nati on of a polynucleotide, either a cationic lipid or a dendriner,
and a sol ubilized ché$estéesin, rheepa”r “subjeet’ isomtenégﬂorxefpeiomvmgwe term

h tical ded, t
ohar naceut | cal GEEROTE RCRBAPT ERh! TeABHAG A0 TR NPT feef fre?
pol ynucl eot i desjn Iﬁé@bﬁ&&&ner@%ﬂbﬁ@é&lﬂﬂs% Raddeegincete Prefetrehmibieetsapeut i ¢

agents, anti b| otics and the like, used herein, the term"therapeutic
conposi tion' ' i&ecimpunteExgeple éf&blqctﬁ ipcleds HeRang ¥ 4885 6YS:conbi ni ng at

east ong, phar mpeeup cabu, A9R! (O doly/iblzedighghaRanel preparation

al t hough "t he ther abeufl C &7 on ca con aln additional conponents
(e.g., additi oneénﬁ&tqahmh&&ﬁmmaiirdagegntehlclans)at ionic lipid, a dendriner
or ot her corrponent(s nce the delivery gt the eut | c activity of
t he therapeutic ﬁ)’éch erw) B PRI BB %ﬂ used

herein, the ter é Eéeuhéa?a%é?& gRdadibtify EehBibitiRe érb%’ttﬂ@za@ﬂﬂﬁﬁtsrm t hat

may be in need o eat nent w phar maceutical agents, e.qg. i n need of
treatment for cmntasasxs sﬁzancaselliﬂ aﬂmdlr@%ﬂyde? bjPiiféméldrféQﬂYsQR)‘]héct s are
manmal s.  Exanpl es ncI 5 m ce,
rats, cows, hor&ET cﬁg ﬁ’é‘8§m§§§ gﬁg‘gﬁg g%)gglzﬁeﬁgt
vertebrates, SU@ﬂnmecﬁwélgaﬁﬁsthnﬁld&xg(&1gunmxéhe@kmsé theAanesseellsher ei n, t he
term"anti-cancer activit Is intended to nean that phar maceut i cal
agent has an abi | i t yAs Bsepiigeh). thetpan greiipent” FiatRdedto T %ﬁ"rtoﬁﬁt astasi s of

cancer cel | S, eé.ﬁCQﬁ&IOH'OE&%AI’Xﬂ((Ié S)%ﬂ tomé oflﬁ{e'dmaﬁ'breﬁ@tt}e‘étean the 10 cancer

cells, such as enot herapeuti c agent that is toxic to cancer cells) or
indirectly (e.g. byAsnsemInbain,Ittg:teJm1thmap@tmdi§pﬁfﬂ§ewam@m?é Bancer cel I's).

25 U T e L L SRR o o AP BR AEhd | ovT oton
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 TESponse.

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-B-cyclodextrin. Experiments
showed that methyl-B-cyclodextrin containing cholesterol by itself does not
improve the transfection of naked DNA but in conjunction with a cationic
lipid (DOTAP) it enhances transfection. Jn vitro, this addition gaverise 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



As used herein, the term"therapeutically effective anmount” is 15 intended
to ref ewotoensms anount (e.g., of a pharmaceutical agent) pgyfsGogbdisy toO

achi eve treatment of a di sease bei ng treated.- . As used herein, the term
"Bacillus Cal nette-CGuerin (BCG therapy" 1is intended to refer to a
treatnment regimen for bladder cancer in which BCG is adm nistered

| ntr avesi cal INOTAP Skl aAdRdich kbR uAIDOTAI NS ponse.  The

present invention IS based, at |east in part | Scovery that
sol ubi | i zed @bl éxtetand eZHOBAP teehdlesteralmatiniaf 6: il (wt:m0). iGrpolosrarl t he

transfection ffICI re L ubi lizing agent for the 25
chol est erol am@P%%@ﬁi)Pﬁ?j aéﬁccﬁ ](,%gt Wifﬂ’?ﬂtﬁ%t@# $in. Experinments
showed t hat mpt;huhnfvﬁemmhewnr(mmpcsftmommgcm@dt&smmlse@y itsel f does
not ipprove the transfection of nak in co&wunctlon with a

cationtc |i SFePokOdeTHMY. (1998 (e dber- érléﬁ'é‘%c?h@hdatﬂm atedghatt hi s addi tion
gave i se ! 0 ifreadir &eieglefd?ﬁ{c?ée@q ﬂh@i&ﬁ&ﬁ%@%g@&ag;ga@eﬁﬁm ed to cationic

lipid (DOTAP) 30 one (see “helial cells
facing the | ofissumwdioveyes asisg this qulbmarm‘cﬁ'd)@’ﬂAPsdméstwﬂghérbat couldn't be

achieved with cati.Q | i d aI see \When the cationic

li pid used i ¥2{%° thi}%ﬂsf gtgaln%@f%\gz‘ e MR49althovgtanst ecti on
was obt ai ned oms- hca]mlxé@fmt[’ya{-@@fe&%d 2.7:1 (wt:wt) and a DOTAP to

chol esterol ratio of 6: Crook et al using a mxture of DOTAP and

chol et er ol foundmhmeﬂuﬂ xfon/omlsstcwﬂm&)m”lwlseapalﬂeof 1:1 (wt:w)

of DOTAP: ch ter d et .al 19 ne Ther.

5: 137- 43) . Tﬁel rmga?l OICV\%{?I a&‘gﬁﬁfﬁ‘gfn%rﬁt QQP%H%‘HIE%@P%F% i ncreased t he
transf ect i on liefifed byenesanism} the dpnRHABE Chole¥ters EWLEN affevN@r , usi ng this
combi nati on of NAP chol esterql there was very little transfection of

the murine ufWidiRy(mgidityand permpabilim.ed the qeH ppbragsiod holestaroldevals e ef fi cient |y
transfected. jifelBRn@Ehivevebh stoh BS Etﬁh@fcﬁﬂ%ﬁgéﬁf RchbhRC) compl ex is

capabl e of donating cholesterol to t e ce rane. hough not
i nt endff ng t o ppseins in endosomes, with depletion i 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-B-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-B-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



limted bYWHWPEASHi sm the donation of chol esterol woul d aPEBEGINIRED
fluidity/rigidity and perneability of the cell nenbrane. Chol esterol |evels
i n menbranes have been shown to affect the sorting of GPI anchored 15
proteins in endosones, with depletion increasing the recycling of these
proteins via erf@@3pnimshe Mrostat inv&itién, ietvasfound 129 8hoph theBhellisioeff | . 10: 961-

74). 1t is also ssible that the DOTAP/.nmet hyl - p-.cycl odextrin/ chol ester ol
(D?\/BC) conpl ex ﬁ:ﬁtp@? e@fﬁ?@s?@?é?“?n&%gﬁén%&ﬂﬁ Hﬁﬁ%é’ Pl tBF FRIZG ng  t he
structure of thg JAAPDNANY sPRPHEWeSer! 1P Wi hunBtlatwity BMbexphimg 20 have
been shown to inprove the internalization of adenoviruses by I ntestinal

cells (Croyl e, INA wastfound intheongleurtsas Brarmels 4), 58geestigs tha5hy . The i nproved

| . 14,1 f, d | t o di t |
morbr anes. nond ariphe SVECHA b R BI BERAPR A DN IA i hils, °°'
chol esterol . Usjerigape aboiding téprhdation dyigbssemss.rin by itself in conbination

with 25 DOTAP and DNA there was no transfection of mnurine bl adder .
epithelial cells, iR#ICTEESCRGYSIRE, F4p5ession o a transfeatad gemeinwothelisl packaged in

the cycl odext rdefi$c4n0fe Jb?&véﬂﬁrv%ﬁx?)q% {a:ﬁgxﬁ'f %ﬁ%kl&%@%hﬁéf%ﬁ(ﬁﬁﬂ” ded by

the present invention. I'n a recen ner and co-workers anal ysed
t he mechani sm ahay I30reladdo tiel siorer yurneckr af edthelialcalls ivniie, ks pinds and

i d ifi,ed th t of ..pl ) d . f .t.h toplasmito the nucl eus
b the 1P t i ngXpienet weoquicdy 3l itk s Tinia raF P Risnn Vo, ot al
(1995) J. Bi ol .B.Bheml, (2TRsL8037) 165 WB- ) AP GePelradpRe9RL30  9007). In

the present invention, it was found.that although the inclusion of
chol esterol enfeneieet the bladdesshowed af gesk exmrpssiontwasavident for et ledst &ct on t he

t ake of pl ' . Howe L b t. with DVBC,
;Fagm'edo DﬁAa\?v;Eégsf'%l%HQ %H%F#é@rﬁd eu)s{%{959325—%%%?@%5&?’2‘2@55%%? ing that the
5 inclusion of cRM&ioawapitayrved nptoel i days MthdBCRIsoMmeONA fytonwendosones,

h i di dat i in. | ones, In e present system
Epr coaiton of AReFSLE derelr Rgeiis #ih BrORHErT TPt MR be observed i n
vivo up to a mphbfe@in@ysttRf iHeINSEERGhI @R oR WERL if ndf¥hSre, 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-B-cyclodextrin was used by itself, it had an anti-
25 tumor effect on human tumor xenografis 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 cholestero! 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 (B-galactosidase) was confined to the

bladder. Morris, B.D. et al. (J. Urol. (1994) 152:506-509), who used
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may be related to the slower turnover of urothelial cells in vivo, as gene
10 exprWO/BFshvas quickly lost in vitro after nmultiple BET/BGIAPEIOcat i ons.
Mrris, B.D et al., (J. Uol., (1994) 152:506-509), who used adenoviruses
to transfect the bladder, showed that gene expression was evident for at
| east 7 days. Harinoto et al. (Br. J. Uol. (1998) 81:870-874) showed that
gene expr essidembvivasesab sransfed thebladiled, Onade psimildrtobkbriatiandediostmgand up to two

15 weeks with a single particl un bonb ment.. Thus_.th C
transf ect i on thadRis FORIPINMGAL 1§ PEROA "irﬁ%trﬂ%{ ar?é“e&g‘l,"el’f&’ﬁg{a%r e, durable

than the pr %g%{yecgggéqff%&eg%}gisg?\{%gufsgg_ in vivo bladder transfection. A
t wo- hour exposure of cells to the C/ DNA conpl ex showed no effect on

cel | proliferati orfhesmosiestionsiysted)of thygavenpiontalselbas bean showniabse 20 a '
decrease in cell .prolif.erati fter a 24h [ ﬁg!é appeared to
do so. Homev&?}efwesm\gﬁévw °§'F°§?‘Fs%°f‘%sa’r’ Ivilvosf?éﬁ?% #‘g %ﬁpgﬁ e ks

anti - prol i f ergde Bsampd $ct s of prol onged exposure may be advant ageous, as
it would serve to enhance the therapeutic gene nediated killing of tunor
cells. A study showed that when nethyl-(3-cyclodextrin was used by itself,

it had an anti 25 jfyemRr cTa R gg% Whtke %5 ink fb @t hym ¢ nude

m ce (G osse, P.\}F‘ et %ﬁgﬁgﬁ_)”’%ﬁ .?'I:Cancezaffﬁ %%?%5-9 . This effect is
l i kely rel at adetheds fohwrarefdcting aifast ¢ palymircidotile oo cellsl As deseribgdesi cal
instillation of the C/ DNA conpl ex, .for j.ust, two Qurs,.. was sufficient
to matPnise &P thedpxamples,, {Eg%?{gt?rlﬂb?lbzehﬁ olesiero] sNeBE®BRA conpl ex and
to ensure ef fipgisRBliord éMBROLH polyrusREtidsoRIpkexed WithRppitessh@s of a reporter
gene ((3-gal actosidase) was confined to the bladder. Mrris, B.D. .et ad.

(J. Urol . (19tipni¢iipidsoetignigpolympess angdudendrimeys. @ycontingdy, BronessGo0 00130
adenovi ruses r : %” k1Y ervation
i ndi cati ng taﬁgef‘ctt’ttﬁ?gvglgéﬁr}l ﬁ\#g%fgﬁgﬁlggo a sfegﬁrggeistﬁatspo the architecture
of the bl addejolymdlentide inteceallssthe nethod cdeprisiegy syst em used. The
transfection systemof the invention also has been shown to be 5 effective
in dellPvering cytoki i¥™88M%& in vivo for the eradication of tunors

(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
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(see Exanple 9). In view of the foregoing, one aspect of the invention
pert ai nswomi/ieBsshods for transfecting at | east one pol ynuelsssiosias i nt o
cells. As described 10 further in the Exanples, the use of solubilized
chol esterol enhances the transfection efficiency of polynucleotides

conpl exed with agents such as cationic |lipids, cationic polyners and
dendriners. Ac ' | e 4. ' | rovi.des a nethod
for transfect iccrégﬁ)a aﬂ?ﬂé{ég%ﬂ %r?gal ap%al?iéﬁiggﬁ&nedo | edaﬁ%?g&élgﬁeg,&t ‘g met hod
conpri si ng: 15iffeedtitypesof cdtiohicdipidsanswo differgnotypasicf @tbnideolyfdersy a cationic

lipid, a catiqpjc polyner or a dendriper, Qr onhi nations. t hereof; and
(iii) a sol ub%ﬁ‘?’e‘g’ : P%Q‘Fé?qglemﬁﬁgﬂﬁfgfﬁ(&ﬁ’ PISETRY %PmugﬁP?‘gnsf ection
conposi tion; angeaBRl ?f:‘e?ﬂaﬁ&ﬁs mi@:?{hb‘éﬁkicﬁl@émg,' datiffic ?&yﬁﬁ% ks, such that

tH
the cells are transfected wth the pol ynucl eotide. Preferably, the
sol ubi | bzed chishdsnerinimegiatahnprinrito theaddion o€ the pohohdsotisiets) andtbebi | i zed with
a cycl odextrin,, gx‘fsx rLl)refe a{nli nmet hél gt 25 cygl odext rj{ n. OGther suitable
cycl odextrins A B AN E aep VP 8\9 .lméﬁﬁ'b S 9 be obt ai ned
from commer ci abhyeravd, tofohe teQtheR&ionompbosifies.r ed cationic lipid is DOTAP.
A preferred dendriner is Superfect. Oher suitable cationic |ipids,
cationic pol yners dmeagenes phesch reagent yged men vy deponding oglsenditionsat i oni c
P ds. ot ol Ay ORpSag RNk bfIRIBs 6B PRI REG [T O
commerci ally avail l'abl'e sources. “The transtection conposition may include
one tyfpe of reagshdted.i Hywever,@ptimel trimsfecBorcainidions cdn hgi ddtermineddlyi oni c
pol ymer or a dendri.ner, or, alternativel g, .reagent .(ii,) .my, be a 18 WO
01/ 15755 PCT/ $E 86‘1%%9‘15’(?8%?5&5&53%? “@‘E?%%“&%S)%mdéfc %ﬁdilﬁﬁ)i‘ec lipid and a
cationic pol yré%m?zeg. FMRxafiplt 8E BRimAI¥RRSoRhtiSAE 1P (6r datiBhids OF two
different types of cationic polyners. Wen conbining the reagents (i),
(ii) and (iii)polysrespedendnpentie selubilinid ghetegterol 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-B-
cyclodextrin/cholesterol, or MBC), a preferred proportion of cholesterol to
cyclodextrin is 50 mg cholesterol to 600 mg cyclodextrin (methyl-B-

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 ponlimiting 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 pg, more preferably 1-50 pg. A nonlimiting range for the amount of
cationic lipid is 1 to 200 pg, preferably 10-50 pg. A nonlimiting range for
the amount of dendrimer (e.g., Superfect) is 1 to 300 pg, preferably 5-25 pg.
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 pg DNA + 20 pg DOTAP + 40 pg of
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chol est MQRV15T8paration is mxed with the cationic |ipi PCTERP/OHBE pol yner
or 5 dendriner immediately prior to the addition of the pol ynucl eotide(s)
and the mxture is then incubated for a period of tinme, e.g., 15 mnutes
at room tenperature, to formthe transfection conposition. The anounts of

each reagent metbyl-frayclodexyrindssiuhilitied gholesteroh dAmophmiting axamals ofhi ch
particular rea nt‘? are chosetn g}r‘l?d \/\haheg?ell cL%sptﬁ isdto be 10, transfected.
However , opt i FFEETES EREFH AOBRLS MR SEPG st e EAENGAME ARV st andar d
met hods, sucf&%%rw# gg.stdgesﬁp_eﬁmmﬂ@&:ﬁ&ﬁ*@%ﬁﬁ&&éﬂnﬁ%lﬁmﬁé&e exanpl es.

For exanpl e, optimal ratio of cationic lipid (or cationic polyner or
dendri ner) tchelesigiill i zed chol esterol may differ for different cell types,

al though a ratio : 2 AP; s found tq he tim or 15
urot hefial cells ?ﬁ’ehaflﬁ%f%}? ’H8th/$ﬁ’rf'¥¥?we?%%%ano ‘155@ °ot§anc§#e° dQtionic lipid
(or cati oni ovapietyydTelifferentRnMutiebtides) suck ad plotrhidBNACHigdleaf ol is 2:1 to

1:3 (ww). Wen preparing the solubilized cholesterol preparation (e.g.,
met hyl - P-  cycihsRregsomah fragmentsaphissnse oigoppglgotidgs, antisese ed proporti on of

chol esterol t ¢ t fiio Rl : cycl odextrin
(et hyl - (3 2#8?@*0@3&?%%’?9‘?@%@9%1;: qgt&' ﬁ%ﬁ%?@ﬁ‘@?’??‘&éﬁ odextrin),

al t hough agaiconttinaionpthereof.t Fergenathetapy pptposesz et poypmoktoride(s)pon t he

speci f,i.c reagent s,used and .condijtions.inuvol.ved. | i m.ting range of
"ot odlof | chaV BRIy Bien ERPreRs Wik (RRrifed 1n Sdies dgtad] Sloy gt o0 o

pol ynucl eot i d@ico®RQ prote t6 BB pRivideddbr BerapitREhéft. Thelthfsfe@p@ent s used and
host cells to be transfected. A 25 nonlimting range for the anount of

pol ynucl eot i deethed preferginys ussdtp ransfpch cukaryotip gellp, mese prefrdfler abl y 1-50 p. g.
A nonlimtin t . t:L QR 1D LEk. to 200 g,
preferably lgmég pﬁ%]rf Qer,l\lshgﬁf ?%f%laﬂﬁnaeh}gog l% gglg%lhgpg#%édﬁte}%f dendri ner
(e.g., Super fteasjecting drotheli@1lg . whiclpreafatr mkistantto 2ganytather tfp@s of N vi vo

applications, the amoun f gach reagent |ikely woul.d, need to be 30
i ncredsed frotfﬁ“tsﬁgt‘?ﬂ’élleé‘ﬁ%dﬁéﬁfﬁad‘ﬁ&g %%‘Pet}‘fiﬁlff’ﬂ}/]%%ﬂ?d WK% t i ng exanpl e
of preferred 4gageaiplAilp teltfanifeeion X ¥dsitiof 16641 idcultlte. TRé fimei c | ipid are:

7.5 g DNA + 20 g AP + 40 gg of 19 WD 01/.15755 PCT/ SG00/00130
period for contacting the fransfection 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



met hyl - p-cycl odextrin solubilized cholesterol. A nonlimting exanple of
pref err edwoaagest anounts when Superfect is used as the dengdooesiz@re. 2 ¢
DNA + 22.5 g Superfect + 10 g of nethyl-p-cyclodextrin solubilized

chol esterol. 5 The transfection nethod of the invention can be used to
transfect a variety of different polynucl eotides, such as plasm d DNA,
viral DNA  chronosqupiyidin@ @i BhirhacaiichiS8aT il d SAMARhbEQS0l ant i sense
phosphor ot hi oate ol i gonucleoti des, RNA nol ecul es and ribozynes, or

conbi nat i ons t hgepodtionfe forgempharthanecaiisal pempsitios, andne pol ynucl eoti de(s) 10
typically is an exprgssio ector (deseribed.in.further, detail, below that
encodes a protein to‘ﬁﬁge%%gg? a‘gn?c(&]’lg?aﬁ8?%%‘5&3“8“%%‘?&*?1?&’ﬁ‘ﬁ% ransfection
met hod pr ef er alylxddesofthie subj&t suéhbtetié pitsacandtdl agaghd &liveled eupr ef erabl y
mammal i an cells. The transfection nmethod is particularly effective in
transf ec®i ng uriethelial sellsefithesubiggt- ch renmin resistant to nmany other types
of 15 transfection melinds, mERGbIBRELRG A HELRAI CaRpREsCar T ed out in
vitro, e.g., by applying-the transfection conpositron to cells in culture.
The tine peri atofesterat esltibititédngitt heydlsdersihembitanefe@abRasethyioh Wi th the cells
in culture can be optim.zed b_ébstandard,rret hods. A nonlimting exanple of

a transfection qyFledestrn, Pthep syt EQY%ﬁ@nﬁiMIPmﬁsedgﬁt%ﬁY%gnﬁhe cells
(€0, 20 W IprRhnReRRPe bl LERCh? B} BhliGHPBb R krigh B L T ansf ect i on

met hod can be‘carried out” 1 n vi pplying t ection

conposi tlidon t o cagbis lipid, catiouis.polymez opa démirimed Altbmdiivadyitthe t he transfection
conposition is | i eq.tf ugot ellal cells ':nn VL VO ?b}% i ntraavesi cal
delivery (e.g. PRITTRACKUICAT pREMILTAN DELIOL exainle @ hergptherapelilic 88Nt 8% her t ar get
tissues for trangbeE, BinteferéhVa ihRELUGE a coPhy 2BmewaHP FRtorSInOMECh, nuscl e,
| ungs, epithelial cells, colon, uterus, |ntesg|ne, heart, ki dney,

prostate, ski n,angipgenipfagias, anpafitneasiaticacion aembsae re¢eptauer othar anot her

agent i nt o ur otiar o BERkeAER- Al G hebndfulbug R i 17 TTOOCH °°

sol ubi | itded chglobstuelectide; o pefdredcetierpt Bpid 1 0DOM@iPe whateaby prefenteiel i al cel | s.
30 Accordingly,, the inventipn vides .a nethad.for delivering a
ohar maceut | ca EERTCTHSEPaTRG: RURPLATRF PR ipih Atioete PR &R o

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-B-
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
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conprising: 20 WO 01/ 15755 PCT/ SGOQ 00130 conbi ni ng the pharmaceuti cal
agent wWoOler/as7s®l ubi | i zed chol esterol preparation to forpcasebroomceut i cal
conposition; and delivering the pharnaceutical conposition intravesicularly
into the bladder of the subject, such that the pharmaceutical agent is
delivered into 5 urothelial cells of the subject. Preferably, the

sol ubi i zed dipid sIPETAP, whapasragireferred dempirimeez ds Supeofects ttheri suatileibi | i zed with
a cycl odextrin r ef.er.abl sui tabl e

cycl odext ri n$3 1?1’3?38‘ 19 g’@"PP’é’F@E "é%‘&?@d““i‘ﬁémﬁgwﬁ‘ﬁ&%éﬁ? dcag?veagent can be,

for exanple, at | emftpobymacipetidepieferbly chinpiizes & 1443t 618 dxprés§iohi pi d, cationic
polymer or a dendriner. Alternatively, the %harmaceutlcal agent can be,

for exanpl e, V&CtOReRRodmEsRiGIND °§§'@Fﬁpeu%be“§ t inghe treatmegiofi nterferon, an
nterl guki . ladiBt Ofiers TAT MoRcliB vEAG! QfmpritBs éﬁzgmcgéwdeﬁegrogmmz actor, an

anti-netastatic fact or, rane receptor agen
t herapeuti c aaitable for. exp‘lkssmrt dsfe!hqomiymmbmﬂﬂeamd:elhgebe tr'msfa:tékﬁwmmhynucl eoti de,
a preferred catio er eas ﬁ{dgreferred dendriner is

Super f ect qrﬂf‘eap 2 Bl it sPo B E e etor st RS P ier o and
dendrimers i Rehil ?td@qmcés abiffly 3618at8d oh thedasis Beth cell$ fd%el NVeNti on

provi des nmethods of treating bladder cancer in a subject, the method

conpri si ng: Zm&@ﬁ*ﬁﬁmlhigh@%h@tmﬂté@kﬁ:@lmﬁg@lmwﬁ@ﬁe@ b%| ubi | i zed
chol egperol #5&9&53W%5?e{08{bm&t£ % t%r,°‘8g8 ?thgﬁ dy\her ein the
IVI agal n ad

pharmaceuti cal® agenht 'has anti-canceé cancer
cells; and dehtended toandah ehat ﬂfhl’]ﬁl}emtlleﬁtldnxlifﬂﬂ&rdstmﬂmké’d toakesicularly into the

bl adder of a subject, such t hat bl-add ncer, cells of f{he subject are
treated 25 M?ﬁA‘PWéeﬂﬁ%{}Cﬁ@b’é‘Lﬁ‘P%‘g’Fr yg»&bta?lowéweqxafﬂsvon ‘E’% €sol ubi li zed

chol ester ol Qfom&@bume%ormhg&ﬁﬁon/ﬁiaﬂdlﬁﬁin%glhmenweme&lve&&h a

cycl odextrin, nost pref erably nmeth \1/_ cI odextrin. Qher suitable
cycl odextri ngs intoduerd intedbehdst eslBd hbm qguéatory 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,
pCDMS (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



phar maceuwealsegent can be, for exanple, at |east one pobyfgeb@giigde and a
30 cationic lipid, cationic polyner or a dendriner. Preferably, the
pharmaceutical agent is delivered in therapeutically effective anounts.
When the pharmaceutical agent is a polynucleotide(s), a preferred cationic

21 WD 01/ 15755 P : i id, ] d
dendriner is Sugggrxfgse%c%g f%%g&ug%%ﬁ?dg%r%ére@ﬁ ﬁ@ﬁia |{°§?‘§SQI %F%@%&g pol yners
and dendrimers iwuseal (@deat bgsassioh ybator @hgrBing Tiisueppkyific edgabitorgde pref erabl y
conprises at | east one expressgion vyector encoding a protein(s) of

t her apeutic bené& el“%en?sﬁarf et’vre@&?‘ﬁ‘ﬁﬁfn'g‘?aﬁ' bl adder cancer. An expression

vector conprises a pelyitiet sisife bibidnd AtRocidiskd By n bRIeRIGH ei on of the

pol ynucleotide in cells to be transfected, which neans ‘that the

reconbi naht expesst inrthe/geddsr far skt oidriedder camoerdncludayntenlevkips,sequences,
usual |y selected on the hasis.of, the.type of cells. t.o be {.ransfected,
whi ch is operat iu%rl?vonﬁ, ﬁ‘ggﬂy %W?lﬁtg‘gp%ftéﬁu%q%é?ﬂgfo&gmf(ga%%rs’laé{héxpr essed.

W thin a recombinstdtatie ftas shaibriecietdpiors @RPfal Yugprddkasl" Pleferrddnt ended to
mean that the polynuc|eotide of interest is linked to the regul atory

sequence(s) in adeinnEelugn indglenkinoldL gy intexlppldn-2i(Bn2) intetratking®(Rinucl eot i de

(e.g., transcripti: 18 |t 4,0, . _ Iy qetor is
i ntroduced int O%@,ﬁ@@ﬂ%\g@{‘gmg)f H)'Eéﬁie}u?lgms(hf g?ﬂ#&%ﬁ&%eq{%ﬁgg" is intended
15 to ingdudes pteraukin- 53 (TEANBYinteriaukimtis QLNED), ienffewdst, tetferohsfy| el enent s

(e.g., polyadenylation signals). Such regulatory sequences are well known
in the art and atterfeesy,graadocyicomaarpinge solopystopdaiing facteet{eMESF).essi on

Technol ogy: Met i . 1835 i Diego, Calif.
(1990). Regul at rﬁﬁ?gﬁtﬁgﬁ%é ﬂﬁ‘gl%‘ﬁﬁé‘ﬁ%@é?ﬁa@a%’?@%e Cg%ﬁgti tutive 20
expressi on of aspabiuting et (MESF)) hestnliodkymesinaHSPY,315 3 caltil-amgivkenisose whi ch
di rect expressiqgn of the pol ynucl.eotide only in certajn hos ls (e.qg.,
ti ssue- specifi g“t‘%@lﬂga’ta&%ﬁ"g‘éﬁ&éﬁ%gégw eﬂ@“&l‘?‘lceﬁm:}%‘?r £ y those
skilled 14 the saddasthBdentdBoldRbgBntRinctdRnEXRIRS S10NisURGhRbiItIRYF depend on
such factors as the choice of the host cell to be transforned, the |evel

of expression ommepdloprotringses ENPsk and fctors 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 polynuclectide;
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Exanpl es of mammal i an expression vectors include pMex-Neol, pCDMB (Seed,
B., (19¥P01§fre 329:840) and pMI2PC (Kaufman et al . PCDBTIYOORBO J.

6: 187-195). When used in manmalian cells, the expression vector's control
functions are often provided by viral regul atory 30 el enents. For exanple,
commonly used pronoters are derived from polyoma, Adenovirus 2,

cyt onegal ovi rus an(i) Scaticmic Npid, catidhic poldriee bnatendeimer, srammal i an expr essi on
vectors capabl e .of dir 2 WD 01/ 15755 PCT/ SGOO 00130 expression of a
pol ynucl eot i fEMHRALL feg?q"? in a particular cell type can be wused (i.e.,
an expression vecty) gmlhgdqgm}és@gd;?r@gﬁ%ﬁl c regulatory elenments) and
are well known in the art | es of suitable proteins to be expressed by
an expression 5 v&*’?f?fabﬂ)hthﬂrﬁ@htblllmd@hdﬁmroi prsparationt capfiprisesidder cancer

Iaztc: ug g: gtgg;\: Clé%ier smgﬁhéee‘{w(%ﬁ%g?{gg Ol Onﬁ%fif’%??%lkg"%g?z teO; Zcept ors and

t unor suppr es@eroﬂextﬂﬂ e Dtier etltably @“cﬂid@:&nh@ ficHe thodk Bkte@dkdva: 1A (1 L-1),
i nterl eukin- (IL 2),. interleukin-6 (IL- 6), interleukin-9 (IL-9),

i nt erl euki n- IPT¢ e(TFql_C*HPPPIC liid s PQEAPhwharpag  prefemeyl dendyimertier | euki n- 13 (I L-

13), interl euKj s p‘%8d‘lj‘é" ﬁl@bieé Bﬁfcfh (ﬁn aq"foact&ﬁﬁ?%gr Op;én%h interferon-y,

gr anul ocyt e- macr ophage co S8 rrul uI ocyte
col ony sti rrulmd:lu(hgthbm:lﬁawd z(bGQEFThe tlmﬁfe@tihag@nmitmmy of tHelifivednéibh Ng f act or
( MCSF),,. heat sh& el n élﬁg p53, .anti-angiogenic factors, e.g.,
ant agdhi sts FAOPE 23S Adaeinerd frmulation. . gy °’F’§&361F°‘(W)‘ 15 such as

anti sense m'@@éh@ﬁgr&ﬂddd‘xﬁﬁ%@ﬁffaﬁ{&ﬁleB&Ct’I‘Né%ac Kogbd forkhABUR AicRy DI Lors Of

nmet al | oprotei nases (TIMPs), and factors that rease B act|V|ty, such as
fi bronectin redeigclyde insiragtions farkising the mnsfecon pempesitiorty tensfaetl at i ng
factors and fjygor suppressors. Preferred proteins to be expressed are
IL-2, GMCSF or interferon-y, or conbinations thereof (e.g., at least two
of IL-2, 20 GMCSF and interferon-y). Alternatively, the phar maceut i cal

Agent gan be. g1, CLall S o € BETEL IR EREN L) R0 g e ©' € 2"

i nterferon
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
PCMVlacZ 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
2x10° cells were plated on coverslips, in 6 well tissue culture plates

in RPMI 1640 supplemented with 10% FBS (Biosciences, Australia), 2mM
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stinmulating factor or other agent with therapeutic activity. The nethod of
the i nveMO®AsTS8r treating bl adder cancer can be 25 conbiTisckowdtsh one or
nore additional anti-bladder cancer treatnment nmethods. A preferred
additional treatnent nethod is BCG therapy. O her exanples of additional
cancer treatnents include chenotherapy and radiation therapy. |In another
aspect, the i nkgntanineaBimppenidilissintd ODisigéul streptodlycoo®igsi t i ons. The

transfection c ositions of, the.i | rise:; i).at .l east one
ol ynuol eot 1 deChBSHG s 55T MO B0 SRR arf Fashel abieB ™ T o
cationi c pol ymExpRS add HRectcedBYith RS LHPEMTacBREmbREC R 29{3@ ofiil) a
sol ubili zed chol esterol preparation. Preferably, the solubilized

chol est erol prBpdidt (RenbeDizgnistios ManpheimdSermany) aadl40pg of wethylft h a
cyclodextrin, nost, preferabl hyl - Ji- cyclodextrin. Qther suitable

czcl ode;%t rins ‘F}ﬁ:iqdﬁg ntsﬂ{S‘S ‘Z¥4 gﬁi"d&%@*&na}f\ COTERIGREY Ve PBATC lipidis
DOTAP, - wher easpampiab 6b BRAONRNAE DgEBC'témﬁﬂﬁﬁ{hfﬂ?&M nggﬁuf?é!” table cationic

| i pids, cationi'c polyners and dendrinmers 'Include thos | sted above. The
transf ecti on c{@iboBRI, Reskalle,tMB, URkpatd mwixidgdfoc Ahntie Phiswadeddas a packaged

formul ation, e.qg,, er.ej compponen reagent. i rovided in a

cont ai ner manﬁt%ﬂ%&mgg&%‘ﬁ?ﬁ%ﬁd@m‘%@? %Orr'r@i/%pﬁ?}:!”& e instructions
for using the kﬁ%\ﬂ%&"ﬁﬁfe&%%H&Dﬁd&bﬂﬁbeﬁ%i&fﬁﬁ_ﬁ&f@ﬁ&hwﬁﬂ %4015 The present
invention is further illustrated by the foll owi ng exanples, which should

I
not be Xbnst r usadias Afierddh, e cels werg washed o BBP| fexedwnd siaified aiind net hods
used in the fo ] S | . I al s and
met hods PCWI alci: Qeé\‘%ésangi al hiejg' ?tfagg]l%fﬁﬁ@é Eﬁqf’gﬁ %r‘?%lé EZ)%) Skéi?ﬁ{JSA. 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.

Proliferation assays
Proliferation was assayed by measuring ['*C]-thymidine
incorporation. 1x10* cells were plated per well in a 96 wel} 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 37°C. After 32
h, supernatants were removed, and cells were rinsed with 1XPBS.
Triplicate wells were incubated with 0.2uCi/ml, ['*C]-thymidine (specific
activity 56.5mC¥/mmol; 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. ['*C]-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.
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murine transitional cell carcinoma cell |ine MB49, was obtained fromDr.

Ti not hy W@OIi§765 at the University of lowa. Plasm d DNA wWecT/8G9atied 25

usi ng Endofree plasmd Q agen kits (Q agen GrbH, Germany). Fugene was
purchased from Roche Di agnostics, Mannhei m Germany, Superfect from Q agen
GmH, Gernmany, DEAE dextran from Pronega, Madison USA and Cal ci um
phosphat e f r oleMstick of epemiérfgene expEessivariy viva@fiemintravesicahdelivgrfefr  DVBC
transfection @@_@@Ey 2x 105 cells were plated on coverslips, in 6 well
tissue cul tur S” in RPM 1640 supplenented with 10% FBS (Bi osci ences,
Australia), 2mV 24.WMdkldld Petidle BSTB SN 008 Anadsthetizddathielre, 50U/ mi

penicillin and 0.05ng/ M streptonycin (Si gma Chem cal  Conpany St. Louis,
MO, USA). Cel bladders avepmpeathsterizaf & V. c3tbeier %Sh%ﬂw‘y%thé?‘e%a%th 7.5g of

pCW1lacgZ conp ﬁi_fﬂtt HeBISHEs ft | nhei m

Ger many) and Zgg 0 ma?ﬁ&%ﬁ%%?o@ﬁ%};%ﬁ%({eﬁ n so@ulﬁi&{@gidgggﬁg%gterol
(Sigm). The Thefineen wemradeapted final/volae nfj46Gpl whith IDNPBS for d83C t 0 165
wi th 20mM Hepes huffer . (G bcoBRL, Rockville, M), USA) and m xjng for 15
mn. This was “}?Hﬁé“mlﬂ?dt‘é“‘r&)“ﬁf {REECoRpLY TemeferiRn FPOFHF UYL 10 wel I's for
the appr opr i abfin, d03AgL 0 10k 2 Were cD@RaRS APdirRAG fRLBRAIKYI LD ST of fresh

RPM 1640 10 nedia. After 48h,. the cells were was PBS, fixed and
stai ned as dbkddérsectrd flushed wsth 1X BBS & reatove DNAYHMAGconGees Theer .

8: 1545:- 54. The.. average.hu f blue colonies, relative.to the total
nunber“gf cel ch‘?wcrfe&g?nﬁcﬁgggﬁ‘a{%ﬂg%#nﬁnl PR iwc?ﬁ“t#oé‘ﬁ,mwas used to
det er m ne thedﬁpmse‘sect lon efficiency. Transfections were perforned in
duplicates and repeated twice. 15 Proliferation assays Proliferation was
assayed by neasuring [14C]-thym dine incorporation. 1x104 cells were

pl ated per weIH,-st'E i wel |l flat-bottoned tissue culture plate (Nunc,
Roskl i de, Denmar ?‘ transfected at optimal 20 conditions as descri bed
above for the appr Bladdatselungs)didneyd, hedrtydiveindasplee Mere removed and

15 snap frozen in liquid nitrogen (Werthman, P.E. et al. (1996) J. Urol. 55:53-
6). Cryostat sections of 6 pM in thickness were fixed in 1.25%

glutaraldehyde for 10 min at 4°C followed by incubation with X-gal for 4 h

at 37°C 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 25u1 containing 100ng of
genomic DNA, 2ul (2.5Mm) of dNTPs (New England Biolabs, Beverly,
USA), 2.5ul of (10 X) reaction buffer, 1ul of each primer (10uM) and 1 pl
(2U) of Taq polymerase (Finnzymes, Espoo, Finland). The PCR program
was as follows: 94°C for 30s, followed by, 60°C for 30s and 72°C 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’
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exposure), washed and i ncubated with fresh RPM 1640 at 37C. After 32 h,
super nat av s1/38895€ renoved, and cells were rinsed with | XPBBsGeolwiypl i cate
wells were incubated with 0.21. G /m, [14C]-thym dine (specific activity
56.5rnCi/rnnol; Du Pont, WI mngton, DE, USA) for 16h. The 25 sanples were
harvested as described in Zhang, Y. et al. (1997) Int. J. Cancer 71:851-7.

[ 14C] - t hym di nqsEQOO NOY &t ITH8 PORSprefRAeSEad felfows: 9PET fRNbA8e Ofort he
incorporation in control cells, which consisted of wuntransfected cells.
The non- par amet30s end/B20¢ fohBosfoy4Qryckst Ammdifigd EINA wermtnalysed by st at i sti cal

i gni fi . Probahility ve f p<0.Q5. 3 i d
Statistionlty SGRPPICERoDs et BAed ViR RO R G BRFES | on of
reporter gene %ﬁmiu%m.imengitme@ deRinihgWvh SRSl u@i@g?ﬂ&eeﬁm?@f DNA- DVBC

5-7 week old-femal e C5/BL6 mice were anaesthetized;, their bladders were
cat het er fzed wireastz MDS softwaroanddrads werd analysedagingithAuglytrpblimagingrne DVBC

made up to B ARSI G et Relto B, SRRE.RERBACVE | 1T 1 20 on and

i ntroduced intravesically. Transfection exposure tines of 15 mn, 30 mn,

Il h or 2 h were evaluated. At different tinme points the bladders were
flushed with 1)PBEGASEy/es@Eaf@ DVBC conpl ex. The 10 mice were

sacrificed 48 h aft %aﬁs?&%@@ﬁ@w dd e eSwinel 2 nﬁdiﬂ%g lg%Fl i cates.

Hi stochem stry Bl adders, lungs, kidneys, heart, [iver a een were
renmoved tand 15vignBdud oDiysin buffierl iThaprbtein tommgenf (Mdytdeyerms nikakiredt al .

(1996) J. Urol. 0;5 8) ostat sections of .6 i i ckness were fixed
in 1.25% gl ut P Y Lo ﬁ‘isﬁl__’.é’t‘efﬁ@%f"&{‘f‘%qu"Q§B‘?_}YBEE8YIP% with X-gal
for 4 h at 37G.RR.WEHE LAURLELA! @eﬂ%ﬁbt%ﬁﬂaﬁé@%@é&%‘éﬂeﬂﬂma%&t%rfOr m ng
PCR on organs To detect the presence of the transfected plasmd PCR priners
mixture containing 4mg/ml of ONPG and incubated at 37°C for 1 h.
Reactions were stopped by the addition of 500p! 1M Na,CO; 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 TNE buffer (10mM Tris, pH (pHS8), 1mM
20 EDTA, 100mM NaCl, 1 % Igepecal) and left on ice for 10 min followed by
centrifugation at 7K for 5 min at 4°C 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 freatinent with a proteinase K
digestion (100 mM NaCl, 10 Mm Tris, pHS, 0.5% SDS 25mM EDTA and
25 0.1mg/ml proteinase K) of the pelleted material overnight at S0°C. Nuclear
DNA was extracted with phenol/chloroform 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
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unique to the lacZ gene were enployed. The upstream prinmer used was 5'-
GCCGACCBINIAGTBCATCCAGC- 3' (SEQ ID NO 1) and the downstaRSGDOOOIINEr Was
5' - CGCCGCGCCACTGGTIGTI-3" (SEQ ID NO 25 2). PCR was carried out in a total
vol ume of 251 containing 100ng of genom c DNA, 2pl (2.5Mr) of dNTPs (New
Engl and Bi ol abs, Beverly, USA), 2.5 of (10 X) reaction buffer, 11 of each
primer (1 CQuM lewial The cytgking gemes Waxg oheried nmso shecp(IFiaorexpression Fegtaro, Fi nl and) .
The PCR progr wa f ol - 94C faor 30s. followed .hy,. 60C for 30s and
75 for. 300 3B ER, Fisrud DS Hapfep8d yEE Bttt PR analyel s.
The prinmer segibeQiagen GawHESRhm).e upstream priner 5' - CTGCGACTTCAACAG 3
(SEQ ID NO 3) and downstream prinmers 5' - CACCCTGITGCTGTAG 3" 26 WD

01/ 15755 PCT/ SGOO 00130 (SEQ ID NGO 4). The PCR programwas as foll ows:

94C for 30s, FH&4%Sr 30s and 72C for 30s for 40 cycles. Amplified DNA were
anal ysed by electrophoresis on a 1 % agarose gel and visualized with

et hi di ugn broni de  w3gasLd-Mmlaledfice (APPRSHiIMBNBL4-8 wetROOId) FeMAsbidindd | ed out
usi ng the Image_ 5 master VDS software and Bands were anal ysed using the

Anal ytical | the Laheratony daimalaCentrq ofethe Ngtiowad Blarvsrsityref. | Ontari o,

w Uh T PES o iERgs PO sbaler b eRnb g PRIRA} B IR 0oL (e

content of the |ysates was neasured by the Mcro BCA Protein assay
(Pi erce, Rockflovitro dxpressiob\pf starfabe mavkene serum al bumin as a standard. Cell
protein |lysates were assayed in a reaction mxture containing 4ng/ m of

ONPG and i ncubated.,at,37C.for | .h... React].ons re ap V. e addition
of 500411 M Nazccxazdﬁn’é?tcf%és e lalss ip e Qisuaﬁ%‘ﬁmﬁée_sa@%aﬁé&?“ Nucl ear
and cyiepl as msﬁﬁalﬂékﬂén(& with ¥ 0920RBYYB ®oienddl JA G5tialin), 2MINI € -laRGdihgNat i on of
transfected cells was, carried out using gentle lysis with THE buffer (10nM

Tris, pH (pH8POUlmiwenillinand 0.050w/mi Merefomycin/Sigrapchemicabheompant on ice for
10 mn fol | oneg 1Ryis, MO, USA). Cells were washed twice with 1X PBS and

transfected with 7.5pg of single cytokine genes and 3.75 pg of each
cytokine gene for the IL-2 + GMCSF combination, which was complexed
15 with 20pg of DOTAP (Roche Diagnostics, Mannheim, Germany) and 40pg
of methyl-B-cyclodextrin solubilized cholesterol (Sigma). The complexes
were formed by making up the DNA and DMBC to 165 pl 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 10’ viable MB49 cells in 0.1 ml of
PBS was injected subcutaneously into the flank, 7 to 10 days before
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centrifugation at 7K for 5 mn at 4C in a mcrofuge. The supernatant so
pr oducedwgan/ikmbel | ed the cytoplasm c extract and was trems$conedeto a
fresh tube. The nuclear extract were prepared by treatnment with a

protei nase K digestion (100 MM NaC, 10 Mm Tris, pH8, 0.5% SDS 25nM EDTA
and 25 0. 1ng/ M proteinase K) of the pelleted material overnight at 50C.
Nucl ear DNA wiHEAERRE Loy gich With p REFITY BAeH$igs of PRT*Hnaiel bl owed by

et hanol precipi i3 j . i 3 i bed above.
Cell lines and@'g)t'—;?o ?&r%ée %ﬁé@r@g&fﬁgmﬁﬁlﬁg%ﬁu ﬂg‘?ﬁ‘%ﬁ’gf‘ﬁ?’?ﬁ‘ carci nona
cel | |ine NMB49treattheny tTrkitments geremmvhant kivinelk yepk forithheel wiegksihy. Ti not hy

Ratliff at the, Uni ity of 27 WD.01 755 PCT/ S . Th

cst olki neagenegmﬁg‘lﬂ\éf’e‘{ﬁs‘% ﬁt?‘?rﬁ"ﬁ“g W?%Stﬁ%?léwgd‘l Q%ngﬁ%bov?Pr omeaga) :
Pl asni d_PNA ' ee placmi 4 O ki LSyRcagen GrbH,
Ge??r;nny) i Aﬁ?@@éﬁgq@gﬁg&? %ﬁa&ggeﬁ 1ggm%tpp gg?l%tagp;nﬁ? %SDWeekégglnd) wer e

obt ai ned fr omGMIESE aDMBC,aFNyADMBL r GRrbimdimtion BEILN2H GMASFUNI versity of
Si ngapore and nai ntai ned at the Anipmal Hol ding Unit of the university. In
vitro expressi MBE. dgefmatchedgimarngive contigdsdiddiof recqive anpireataenti n 6 wel |

tissue culture ' : gD 109 S

(Bi osci ences, Xglsnt%? g?? gv?s Bg%e@%&uﬁagﬁfﬁgp&&%wggﬁ}%ﬁf@%nd 0.05my/ m
streptonmyci n ( % dpye38CITheicelaliatiomfva ymor vBlumd was perfolvied bitkhe foreild:s wer e
washed ice wth P d transfected with 7.5g of single cytokine genes
and 3. Ygémg of m%é‘éﬂ‘j%wgtgﬁ ene for the IL-2 + GMCSF conbi nati on, which
was conplexed 15 with 20g of DOTAP (Roche Di agnostics, Mannheim Ger nany)

and 40g of met Mfgrie(éiﬂgy eg_d@,g(&ﬁdﬁbﬁgkbm;t%ed chol esterol (Sigma). The
conpl exes were fornmed by making up the and DMBC to 165 .tl with 20 mM

Hepes buffer (G bco BRL, Rockville, NMD, USA) and njxing for 15 min. This
was made up to 1 i SWiEHs wesRnayesies %@GF%?,%G%%‘“&’&&@ SEPEREINSIFDr 2

labelled with anti-CD4, af, 8, NK and anti CD-8 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 1 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 peried,
on MB49 cells. Both DOTAP and Superfect were able to transfect MB49
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20 h and then washed and replaced with 3 mMl of fresh RPM 1640 nedia. After
48h, thavaaliszssswere washed with PBS and fixed and | abel | msi/sédohosot i - VHC

I, anti-MHC Il and anti-FAS, antibodies. The secondary anti body used was
fluorescein isothiocynate (FITC, Pharm ngen, CA, USA). |sotype controls
anti bodi es were also included. The |l abelled cells were anal ysed on a dual
25 laser fl owcellstwitiihan H ae pértdd with efictencies of ipppstithately} 24% ahdt i t unor
effects of different cytqkine treatnents A single cell suspension with 5 x
105 vi abl e VBA4 8¥%tespectively (see Fablsl be¥q. was i nj ect ed subcut aneously into
the flank, 7 to 10 days before 28 Wc) 01/15755 PCT/ SGOO' 00130 treatnent.
Only mce with a uniformtunor size of approximately 0.15 0.25 cnB were
sel ected and random ZEgablelo groups for the intraturnoral treatnent.
Treatments were carried out twice a week for three weeks hy intraturnoral
i nj ection and consi st edNaf-virglrgeat of ei t hdype X PBS| DiBandeqtiont ap| +
net hyl at ed-i -cycl odextrin containing cholesterol),}{IL- %ﬂa&%c (GVICSF
+DMBC, | FNy +DMBC or {t he conbinatiof of I|L-2 + GVCBF + Y Age| mat ched
tumor naive controls|did MOTARBCEI V¢ aditiériedipi@nt Turpy.4%i ze was
measured with caliperns every three ¢ays before injection up to dpy 38. The
cal cul ation for tumon volume was pefformed by the formula: 10 lepgth X

wi dt h X hei ght. Singlfe~Tetd ension 55 CY L O et ¥eo, SPT EENS WEr €
harvest ed as descri bed. |‘§P§?fg&gell sus?ek%gllll%lgév wer e Ialb4é§4’ed W h
anti-CD4, ccp, y8, NK and anti CD- S|anti bodi es that had been conjugated to
phycoerithrin (PE) and—CB3+—eeHs—were—tabeled—with—15 apt-bedi-es
conj ugated to fluoredcei n §u8R%i ocynat g°(‘ nal ol {ant i b%Wes  were

pur chased from Pharmjngen, CA, USA. [Labelled cells|were anal ysed |on a dual
| aser flow cytoneter.| nRNA exiracti _and RT-PCR For total RNA exfraction,
spl een wer e honogeni ZedCaloiurh chioridé |20 TChemicalr eagént (G ®éo BRL,
Rockville, MD, USA) according to the

DEAE-Dextran Chemical 0%

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 7.5ug of DNA and 20pg DOTAP. With

10 Superfect, a much lower amount of DNA was needed to obtain similar
transfection rates as DOTAP namely 2pg DNA with 7.5l of Superfect. A
very low transfection rate of 1.02% was obtained with Fugene. Neither
calcium chloride (0-40pg) nor DEAE-Dextran (0-2pg) 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 1A-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. 1D). However,
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manuf act urer'

pCWI acZ expr
of various no
DOTAP and Sup

S instructions. RT-PCR was carried out as described. EXAMPLES
25 EXAMPwBoins7en vitro transfection efficiency of non-vipalscayenss The

ession plasm d was used to assess the transfection efficiency
n-viral agents, in a 2 hour tine period, on MB49 cells. Both

erfect were able to transfect MB49 29 WO 01/ 15755

PCT/ SGOQ' 00130the ol oMMBEC Redled tdprollind? thie inceshsn! thnefebfici enci es of
approxi mately 20.4% and 14.8% respectively (see Table 1 below). Table 1

Non-vi ral ageneffitigpey varigd sitbdes agent used.i Opimal\DODAY Apnedgetionivas Li pi d 20. 4%

SR 2 AR I N3 BB P SR BRGAYRES r &°

Superfect Den
Chem cal 0%
optim zed for
Transf ection

DNA and 20g

SREPARBRASN rated vRNS bbitEined®rith DOTAP ansBe COMBU)athi?h.

efficiency was neasured by counting the percentage of cells
st ai ned 5ol ue vfambisetigaivwas eprd inall furthes axresimentsn ARpInpasen Wetelisi ng 7. 59 of

i : . . DNA was needed
to obtain sim g*%beﬁ’%%s‘?‘%‘é?#@%‘IP’S&?%‘%?‘W\%{%%&%& with 7.51 of
Superfect. A DETWP:dwicsieansT.Eomixure (AVEQ)f AVINR Wawalse atraisfeerd Wi t h Fugene.

Nei ther calc
could transfe

cowiag it i noy bl RS e vl s DU

ked DNA
C was m xed

with DOTAP i nyRditd @ hnBlebtMBES cdiltqs 3ddiat bAned mPNAngBdiohbecai-xt ur e
15 mn at roomtenperature. Addition of MBC resulted in an

i ncubat ed for
increasd® in t

15

20

25

30

hécells when compared to AVDC (Fig. 1E).
EXAMPLE 2: Duration of B-galactosidase gene expression

Characterization of B-galactosidase (B-gal) gene expression as a
function of time following transfection with DMBC was done. As shown in
Figure 2A, protein expression, as determined by the ONPG assay, occurred
within 1 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 B-gal activity had decreased by 7 fold
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

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 1XPBS as well as digestion with DNAse.
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
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nunber of cells that were successfully transfected as showmn in Fig 1 A-C
The i ncweasss7’sh transfection efficiency was 3.9 fol d wheaT/hB®/083 used in
20 conbination with DOTAP and 2.4 fold with Superfect (Fig. ID. However,
30 WD 01/ 15755 PCT/ S@&0100130 the anpunt of MBC needed to produce this
increase in transfection efficiency varied with the agent used. Opti nal
DOTAP t r ansf eafficigncigsare netslugite the ?W@QP@?GRB@WII& kg was opti nmal
for Superfect e obtained with DOTAP +
MBC (DVBQO), %a&%g&%@:ﬁggﬁgﬁé%ﬁagﬁ%é}é Fi}% %ﬁ%ther experinments. A
conpari son was also made between the transfectl on efficiency of DMBC and a

conventi onal _DOTAP: chol est ture (AV was. able to
t r ansf ect C&Mé—:but l‘ﬁ’é’ta MICW&QE%P%O plymid | 1 n

contragt, DMVEgnawas able to transfect MB49 cells as well as enhance the
transfection of Cos 10 7 cells when conpared to AVDC (Fig. 1E). EXAMPLE 2:
Duration of i-gal actosidase gene expression Characterization of

P-gal actosi d , g fol | ow
ranstecton w th TRERTHE. f RAHEERAT PR forbaibg Baterdloflil [0 11! oM 10
expression, @M@M@ﬁu&lmmﬁmﬂ&u&m%ﬁbwﬁwﬁml h of the

renoval of the a?ent and increased up tq 48 h post transfection. After 48

h, there was Wansies WCHFBCM%‘CP‘FF ol Aip these extEasisopas detramingd 12 days

post - t; ansfe I 20 conpared
to thebexpr eg&ss?%z? ayeﬁ-i E Ihlfgcﬁ%de%%?@té gn‘éigg? ?gﬂh‘g%(s légit?igl cells
replicate, trtmtly&wemcbud; amtthanytbplasmiclfmaum Wt_ﬁltBDmPupt ake
foIIovmngtra sfe order;-t rmne here, was a

di fference i rfi H’aﬁg?lﬁdo'ﬁﬂgeéﬁgi Iﬁ%@ﬁas%@ gttty of

plasm d DNA exfidramt eme dxmmgeﬁdﬁmdtmaﬁmdheﬁeaémebfﬁﬁ@mf ection. To

m nimze the amount of surface bound DNA and get a better estimate of true

DNA upt ake, niINé ipmucleagraracts gad the dackref captamipatign pkexgeplasmige| | as di gesti on

:‘MrE)Pn 9e. 3RadioHi WaE ndde 2 SNAB show the PCR anal ysis of DNA extracted

EXAMPLE S: 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 '*C-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 DOTARP for 24 b, there was a reduction in cell proliferative capacity but
this was not statistically significant (Figure 5B).

30
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cells. MB49 cells seemto have internalized simlar anounts of plasmd DNA
wi th bot hwapmnsss Therefore, the differences observed in peposSforsispon 31 WO
01/ 15755 PCT/ S0/ 00130 efficiencies are not due to the differential

upt ake of plasm d DNA but perhaps to the stability of the DNA once taken
into cells. EXAMPLE 4: Nucl ear and cytoplasm c accunul ation of plasmd 5
DNA To determ ne the | ocalization of DNA followi ng transfection with DOTAP

and DMBC, nucle ]%y_opl asm c extracts were prepared from transfected
cells. The pr ESMMA imapstestion of muyinedlsgderyby Brtravesigallo usi ng PCR

In cells transf aiiinakion sftnDMBnsrebti: dRGlaMPHRAVS |ocated in both the

nucl eus and the cytoplasmc fractions. However with DOTAP al one, the

pl asmi d DNA was only found to be in the cytoplasm (Figures 4A and 4B). The

GADPH gene was used o _confi.rm.the pr nce af .nucl ear LN nucl ear

extractshsgnd t he Iac’f?%‘f’e f&?ﬁ?ﬁ&gﬁﬁsﬁ?ﬁaﬁﬁﬁﬁﬁ%ﬁﬁn@%%@% ons with

nucl ear DNA. EXfibh Eudaivesli inifation IEMBCLENRIiSQM 8BS : 166h wREO! | ferati on
e rans

assay was used to gauHe the toxicity of ection agents.

h
Rel ative toxi ci ¥pcemliliniansfecied Giguesifasnd ) prbmicelavivoDOFAP
transf ect ed. a”dﬂ%&iagﬁgéﬁlﬁgf@%ﬂ%gﬁ%ﬁ%?ﬁlﬁ@eﬁé@%iiﬁgﬁ%f wer e exposed

to the transfection agents ere erence in

the | evel of 14€eH hy/tie Hladéderj the ungs kidrieps) spletnybest indnat aetelso and
unt r ansf ect ed chells % osed tfo ei t her DQTAP (D) (gr DVMBC for 2 h 25 (Figure
5A). Whetl? cel | s"AREFE L iclrdsmsealamd oo iand wete abiaued to stan DOTAP f or

ot tat sti cal Tl pieAL shoviE i BARIGCHEE Bl NEHEPRAR il s S0/ 00130
EXAMPLE 6: Tr ansfrandrizedinofabie? belewbl adders by intravesi cal

TABLE 2 Staining with pCMVLacZ

Table 2. Staining limited to bladder

Organs B-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. Inmice, spleen cells were harvested at the same time as the bladders
and the levels of CD3+, CD4+, CD&+, of and yd 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
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instillation of the transfection agent and DNA 5 In mce (n=16) that

recei vadMOOhes78§ ansf ecti on agents DVBC/ DNA via an i ntr ap€siSG6el/00130
instillation, bladder epithelial cells facing the lumen were successfully
transfected (Figures 6A and 613) in all mce. In vivo DOTAP alone did not
result in efficient transfection of bladder epithelial cells. As well as

L he bl adge][ DIMBC| (Tihg sypeficiaidyminat palblayers hEthethyneralasiasgewoiBgak| so 10
arveste romtra fec mal s and controls and were all found to stain
negative for SHIRE 1 \t}\ﬁ‘ggl%%at transfection was |limted to the bl adder,

as summarized i nﬁabffect%fmana’mmo&ahmumcters)e&macz Tabl e 2.
Staining limted to bladder, Ogans j-gal actjvi t ngder Positive Lungs
Negative Li @@#YN@@XNW‘SH@&F]FC%@W%W% Ehf’e@“ ghindirated Pt oo Negat i ve

15 This was iR chidn 5 et (il E R fid RRELAFREmon (w0 m ce. | n
m ce, ipl een&geg sﬁEwerce h @3 ste le esa%e tinme as ttﬁ b)Fadders and the
Ieyells ol(‘j CDanlspexﬁMdrd bstnﬁﬂ&f aidlffez]eﬂceandhw@llifmgtheﬂmnmwhml and transfected
ani mal s determ ne | ow C ence 20 found bet ween
the control &PEPEERSAthAD Nty 'r"'g%p%%nﬂg@?&é%nﬁ‘?rﬁ qs |”§ were inplanted in
m ce bl adder %«ﬁ&&iﬂloﬁ%@ﬁm RelAthieatifEs Gpids of cNélestersl MGvatidied, ed
intravesically wth pCwLacZ and_ 33 WO 011)/ 15755 PCT/ SGOQ/ 00130 DMBC. The

superficial [Biaddenepithelial qelly gensrally coptainmpmy yacueleabutibedidodial st ai ni ng
(Fiougg 10A 108 The ef f ect. ot DR a0 LIFAR: Mled dPREAGREY DI adder s vere

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 (pCMVlacZ: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. B-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 exposureanda2 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 p-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 pCMVlacZ gene for a longer time.

34



anal ysed by transm ssion el ectron m croscopy. The anal yses indicated that

5 the 2h woamabmssti on exposure tinme with either agent di dpggtcdesisht i n any
di scernible structural difference in the cells facing the | unen when
conpared with an untransfected control bladder. There was al so no

i ndi cation of the accunul ation of cationic lipids; or cholesterol in
vacuol es. Bl adder epithelial cells generally contain many vacuol es but
there did not to be n increase such vacuol es
after treat mnm E%f‘ F?@?"Bf’m‘reé’%@ﬁ%ﬁ’t respect to
tine of exposd?@hl”é‘ﬁdr%ﬁ‘é@%i"f‘%‘hs“d%lf?%d eirplstergl FUYIBLY 2t er i ne the
transfection eftfinsfestedyeyigkine sones o MB4gels apd tumppgrowthe transfection
conpl ex fpCWlacZ: DI\/BC) vvas applled to the cells for different tine

peri ods, follona gr ¢ g1)/\/61’7, r}{d the cells cultured in conplete
medi um for 48 H'B fooel’rg eﬁ%?'%/ St ﬁ@e%{'ﬁcfl 'r’ﬁr f&tic anal yses. a-Gal activity is
det ect abl e even when the transfection 20 time is as short as 15 mn and
this activity incredgB4s ik wetoeardficiat mdth c9fokigensssisply end e transfection
agent (Figure 8A),.There is a 4.8 fold, K difference jn transfection rates
between a 15 micAT@INEHSR - Bve faysdater qxpressipn ¥as determined ipfloweylRmeshger
exposure tinmes Ay, drti&l i Weie wer e
transfected (Fi gurgreggBe)ﬂ:l EH%:éj’%%sXAl\/PL(I)Efa:léﬂlé:%llzjrﬁzl( f%’?léa l?H;Ié:tean%sgxpreSS| on in vivo
In micel@-gal eiass BSEABAOANS LitbAM &, BdlandBZlZ“@asmdnsﬂlsdm;zsfe@erht
transfection. By,30 d expressi on was reduced but still clearly
30 detectabl e (%;%@;@nges € %ncolpﬂ%ar%ch t%’(fj eﬁﬁé“m gnal coul d be
the result of aguiniribed inA¥BIe Qbelowot hel i al ceI I s in vivo which would result
in the presence of the pCWlacZ gene for a longer tinme. 34 WO 01115755
PCT/ SGOQ' 00130 __ EXAVPLE 9: Characterjzation of the effects of DOTAP +

met hy| at ed- p- cyeMSE 3t 1 H”gﬁFW‘I‘P‘k@’EF“GF?GF@E?tSWdF’a{lBCBC) and transfected

cyt oki ne genes_.an MB49 cells _and tunnr gro
SAMPLE MHCI | MHC | FAS B7-1 B7-2 | ICAM | ICAMK

_ n I
UNTREATED 11.1 14.0 13.2 14.6 11.8 13.7 15.1
1-2 29.8 19.7 68.5 734 44.5 2749 | 738

GMCSF | 452 | 174 | 671 | 543 | 289 | 586 | 7538
TL-2+GMCSF | 656 | 377 | 769 | 732 | 73 | 701 | 679
IFN-y 4787 | 252 | 744 | 707 | 358 | 304 | 678
DMBC 295 | 254 | 34 | 527 | 314 | 273 | 461
PCINEO | 243 | 158 | 243 | 31 | 263 | 193 | 263

15
Intratumoral therapy of established tumors

The ability of the transfection system of the invention to deliver
cytokines for the eradication of established turnors 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
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5 1n vitro expression of surface protein markers MB49 cells were
transf agd eglissst h cyt oki ne genes singly and in conbi nat p@fisgooywerzdays | ater
expression was determ ned by flow cytonetry. An increase in the proportion
of cells that expressed MHC class I, MHC 10 class Il, FAS, ICAMI, ICAMII,
B71 and B72 was seen in cells transfected wth the cytokines gene when
conpared to hanpigafd Bd MRk h%ated vithTytokind getd theta Xad%hfbn&rat&ﬂ ow. - TABLE
31lnvitro eglg%essioggfi)f surface protein mar%'ﬂ . £ MPLE MHC | MRC FAS B7-1
B7-2 | CAM i csimwer tumor groupiqomeared ty the untreatedyandsDMBG controls. gTumory 15,1 | L-2

29.8 19.7 68 . 4 4 L:4.: 54.3 28.9 58.6
75. 8 ||_-2+d<}%§é‘%€gfi%'4%3?(.s§3%?’b@§&?h%i%.elﬁé%’%Sfé’&%‘nﬁ’i.87 25.2 74.4
70.7 35. 8 30srialfef.fér micdBansttetéd wiih 4itket [BR-y(p30.041) GMCSE. 1 PCI NEO 24. 3
15.8 24.3 31 26.3 19.3 26 15 Intratunpral ther a% of established tunors

.3
The alfi ity GF0:00d4) prdfhs? 8 GVGRF B304 oMiss eeated with llen? andy del i ver
cytokines fo ' ' t ' : . Th
t?/ansf ecti on&%’%ﬁ‘%é’g.{etﬁ ggﬁ%} E%%%ﬁg%éﬁg%% ngﬂ ?ﬂﬁ%ﬁkmﬁgg 20e
cyt oki nes (| IFN-y, GMESE anGNCSH &MCSE w2retrcuidSRymoevatume peattiel

intratunorally in the right flank of tunpr-bearing mce 7-10 days after
tunor i npl antiEei(days ﬁ%@‘ﬁwa%fiﬂfh’é‘eiﬁﬁa%%m‘gélgthh uptreatedhown i n t he

35 VO 01/ 157gx%tuﬁ%é§9@§¥§ﬁ%%ﬁloar Hﬁssﬁfnﬁt%fﬁ%l&st%ﬁ@aﬁd geged with

cyt oki ne gen erapy denonstrate sl ower tundr group conpared to the
unt r el ed angrebiMBEelysnggesting metastatic disedsenEhecurd aate Bsthestiosws i n t he graph of

Figure 12) e imi Slalqgédfiln al teltﬁ)elow:

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 +1IL-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-o. 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
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smal l er for

mce transfected with either

(p=0. 00120 @r1s¥ss- 2 + GMCSE (p=0. 004).

denonstrated sl ower tunor growh. Thirty percent of all
GMCSF and |1L-2 + GVCSF were cured. Tunor vol une over the
is sunmarized in the graph of Figure 13.
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7-37)
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sumari zed in
Rem ssi on
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d| se

| EN-y (p=0.041),

GMCSF 5

Mce treated wth ptrRceawvioyse

ase.

mce t

reated with
time (days

In the untreated group one
nouse showed |GMUISH ampesiddan tﬁnmharapiowny tieatsd gwompg hTheameshidiaged 10

e

The cure rate in the mce is

S Pe 4: Cure Rate Treatment Conplete Local

UNTREATED 1/10 DMBC 1/10

IL-2 1/10

| FN-y 3/10 GMCSF 3/10

ok| ne expression in splenocytes 15 Cytokine expression
blgﬁt reated and cytokine

treated tunor bearing mce

was conpared wth I"nu e UI ot gyt oki ne
producti on wal % ?VL grlo f)%‘ﬂex; éggé’d mﬁ ﬁt’% | FN-y, TNF-a
and GMCSF. Oy et"F Ae18tV6i de  showdd a genkral incyease i q cyt oki ne
MRNA pr oduct i 9 GAERES P’é‘nocyt @s 20 compared tp the untreated,] DMBC and
normal (no tu F)‘eaé@ntrol s. Mde treated wth] GWCSF and |L-2 {+ GVMCSF
pr oduced t he st _amunt.s_ of 36 \WDL01115758. PCT/.SG. Q0023 GVICSF
compared to th8-dther cytokine|trdated|grddps.| Théd-Tesul t&3are summarized
below in Tablg 5. _Table 5 Treaflment groups/ 11E2 | EN-yi GMCSE TNF- a
GMCSF ' 5.6 2.92 22.6 5.25
IFN-y 2.3 6.4 10.4 7.8
TL-2+GMCSF 15 6.2 28 73
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+IFN-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 af populations. The results are summarized below in
Table 6:
15
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IL-2 8.4 3.21 14.5 7.3
| L- 2+GpCERGI0/EIRH. 2 28 7.3

MRNA | evel s relative to GAPDH (f

| d increase)
GMVCSF 5.W081/49592 6 5.25 1FN y

(0]
2.3 6.4 10.4 7.8

PARENTAL 1 1 1 1 CONTROLS 0.19 1.5 1.2 0.6 DWMBC 0.18 0.6 1.4 5.5

I L-2+GMCSF+I FN-y 4.3 1.9 8.8 8.9

IL-2+1,FN-y 1.7 1.8 0.97 0.9 5

Phenot ypi ¢ characterization of splenocytes Flowytonetric anal ysis of
spl enocytes frommce wth phenotype-
that the CIBTﬂg§%+ and CD8 populations in the untreated and DVBC treated

groups were
mce treate
controls fo
sumari zed
Tr eat ment
12.711.11 6
53.684.9 31
74.154.59 2
2.840. 497 2
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256..%%0.94 |

CONT
111-20469 1

Hgt+g!

BH1564592

F45P32 1

Y3597

JIL'LQ‘JL. JOI

14+1.16

16.65+1.61

23.97+2.1

5324.57

2.84+0.497

26.68+£2.53

GMCSF

17.92+1.74

17.41x1.73

2242423

47.18+3.5

3.11+0.46

29.02+4.52

IL-2+GMCSF

22.9+2.46

14.47£1.34

31.13+4.2

49.33+2.56

12.654+2.72

64.42+14.4
1

IFN-y

21.50+1.94

15.66+1.77

22.54+2.62

37.86+3.08

2.48+0.4753

22.86+2.56

The results described in this example demonstrate that transfection of

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

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

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

understanding, it will be apparent to those skilled in the art that certain

changes and modifications may be practical. Therefore, the description and
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GMCSF 17.921.74 17.411.73 22.422.3 47.183.5 3.110.46 29.024.52 |L-2+GVCSF
22. 942, 46 WAOYIS8A 31. 134.2 49.332.56 12.652. 72 64. 4214. bcTicobidéiyn
21.50-11.94 15.661. 77 22.542.62 37.863.08 2.4810.4753 22.862.56 The
results described in this exanple denonstrate that transfection of 5 nmurine
bl adder cancer cells with single cytokine genes induces an increase in MHC
class |, class tiangpies shawld exprecoasnmrd af Hinftingakpsmpe o tilisventidss the cancer
cells nmore inmun % Fromthe intra nDraI transfection experinment, it
vas found that ViE 1‘3‘?@@%}6%&3@%86 ¢laipisy GMCSF had  similar inhibitory
effects on tunor growth. After 37 days, it was found that 10 there was a
significant difference in tunor size in the groups transfected wth IFNYvy,
GVCSF, |1L-2 + GMCSF when conpared to the untreated group. This data
denonstrates that DMBC is an effective agent for the transfection of
urothelial cells in vitro and in vivo. The intratunoral studies in mce
indicate that the transfection of urothelial tunor cells wth cytokine 15
gene delivery by non-viral vectors can result in the abrogation of tunor
growt h. Al though the foregoing invention has been described in sone detai
by way of illustration and exanple for purposes of clarity and 20
understanding, it will be apparent to those skilled in the art that certain
changes and nodifications may be practical. Therefore, the description and
38 WD 01/ 15755 PCT/ SGOQ 00130 exanpl es should not be construed as limting
t he scope of the invention, which is delineated by the appended clains. 39
WO 01/ 15755 PCT/ SGOO 00130 CLAIMS W claim 1. A nethod for transfecting
a polynucleotide into cells, the method 5 conprising:
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conbining: (i) at |east one polynucleotide; (ii) a cationic lipid, a

cati onwo qakyser or a dendrinmer, or a conbination therglgcoapshzd0 (iii) a
sol ubilized chol esterol preparation to forma transfection conposition,;
and applying the transfection conposition to cells, such that the cells
are transfected with the pol ynucl eotide. 15 2. The method of claiml,
wherein the solubilized chol est er ofCLADVI8par ati on conprises chol esterol

sol ubilized vvithr@ cycl odextrin. 3. The method of claim2, wherein the
cyclodextrin is nECHA™Mp- cyclodextrin. 20 4. The nethod of claim 2,
wherein the cyclodextrin is selected from the group consisting of

al pha-cycl odextrin, beta-cyclodextrin, ganma- cyclodextrin, sulfated

bet a- cycl odext ri nl. temntthed forsransfectingtaspadyrsictedtiste intocellsothamethodr y ami ne

bet a- cycl odextrin, 2-hydroxypropyl-beta-cyclodextrin, 25

2,6-dr-O rretﬁ??‘p-rﬁg}ga- cycl odextrin, hydroxyethyl -beta-cycl odextrin, 6-
deoxy- 6- S- bet a- D- gakasbiafgt anosyl - 6-t hi o- cycl omal t o- hept aose,

sul f obut yl et her - bet a- cycl gdextrin, carboxymnet hyl - bet a-cycl odextrin,

car boxynet hyl - et hyl - beﬁ/)aatd?ér erepalynusleotiflest hyl - bet a- cycl odextrin, di net hyl -

bet a- cycl odextrin, ra —hef a-.eye .n, -beta 30

cycl odextrin and mal tggwcgg{”gﬂ:‘?%% etg&tﬁgl ﬁgﬁﬁ%{@%ﬁeﬁhﬁ?ﬁ#iltl Il L S W
A | 15755 PCldosBihdtion tixdeofcandThe net hod of claim 1, wherein (ii) is a

catiqgpic lipid which ig. R. 6. .The nethod of claim1l, wherein (ii) is a
dendiPrer which i 5@9p€%{‘§81‘?°%fh°gﬁ@%§é’f%?%871 claiml, wherein (ii) is
sel ected fromthe QgtPfélm 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.
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consi sting of DOPE, DOTMA, DOGS, DODAB, DODAC, DOSPA, DC- Chol, DA C, DOPC,
DAVE, PAVANMD optd75d ysi ne, pol yhi stidine, 10 pol yargini ne, pehyseichydignei m ne,
pol y(4-vinyl pyridine), poly(vinylamne), poly(4-vinyl-Nalkyl pyridinium
hal i de), or conbinations thereof. 8. The method of claim1l, wherein the

pol ynucl eotide is plasmd DNA 15 9. The nethod of claim1, wherein the
pol ynucl eoti de is sef.edhethetfodahclaie 1gwhetpindi)isiaziatiorge tipidwiitielt isDNA,

chr onosonal frag&nt s, antisense oligonucleotides, antisense

phosphor ot hi oat I”ngonucI eotides, RNA nol ecul es and ri bozynes, or

conbi nations thereof. 20 10. The nethod of claim 1, wherein the cells are
eukaryotic cells. 11. The nethod of claim 10, wherein the cells are

mammal i an cel |'s.  256.1 The Tethodetf kisin df whereini(iijlis 2 dehdniroenwhinkiscel | s are

urot hel i ag cel | S 11|:2;.t The met hod of claim 1, wherein the transfection
conposition is ‘éfbeﬁ Fed to cells in culture. 30 14. The nethod of claim 1,
wherein the transfection conposition is applied to cells in vivo. 41
[111111111112112111121211111 WO 01/ 15755 PCT/ SG00/ 00130 15. The met hod of
claim 12, wherein thé thhamethodiof slaire dnsbareini(Bhisiseleetpdbiipedhe &royp ot hel i al

Cel S 0 Vi VO, DlrBih 2N eBb8R! DA UGS DBDAR AR DsAUBeCt . S 16 I

a method for transfecting a polynucleofrde intd wherern the
pol ynucl eot i de CholcDOBCROBCYDMRIE, BAMAM| wolylysine pob/histilineni ¢ pol yner or a

pol ynuc Bt 1 de- BRFERAC RV ST EnPRe bR AP DAL BV A0 | mer i th
2 50l ubi |1 zed_chalastinyiok-ansepRIAILAMIiAS, drbomBRigns hiedbop! cl ai m 16,
erein the solubilized cholesterol
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 cligonucleotides, 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.
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preparation conprises cholesterol solubilized with a cyclodextrin. 18. The
met hodwid 01els28sm 17, wherein the cyclodextrin is methyl -#er/scaongad odextrin.

19. The method of claim 17, wherein the cyclodextrin is selected fromthe
group consi sting of al pha-cycl odextrin, beta-cyclodextrin, gama-

cycl odextrin, sulfated beta-cyclodextrin, tertiary am ne beta-cycl odextrin,

20 quaternary ani ng TiRtracthyCofslsind 12, mhe&:mménmmmdonmmoﬁscl odextrin,
2, 6-di - O net hyl - bet a- cyc¢l odextrin, hydrox et hyl - bet a-cycl odextrin, 6-
deoxy- 6- S- bef@P Bdgapm%lﬁwe&lﬁaswa hnrmayc%sﬂé Aglivery te2ldiaddes oba

sul f obut yl et F,gg ﬁet a-cycl odextrin, carboxynethyl-beta-cyclodextrin,

car boxynet hy ét bet a- cycl odext rin, diethyl-beta-cyclodextrin, dinethyl
25 bet a-cycl odextrl n, random net hyl - bet a- cycl odextri n, gI ucosyl - bet a-

cycl odextrin and Ito a dextr th dof claim 16,
wher eidsﬁ the catio cInI %‘?tﬂo‘ﬁf Béégsklipqmgé‘d’obﬁmcéﬂ f%%@s SPhi m 16,
wherein the d@gﬁﬂ Teolide i9UBMpleREd withd chtiddit lipidJa tduohld ddiférdr! I 11 11 1111
S WD 01/ 15755 [/ SGO010A 30 22. The method of claim 16, wherein the

cationi ¢ |i prdendrimercn applisdyinsells thedmpenviemsnt qoylpsxsmcfp@mﬂ@mm t he group

consi sting 5@& tl;p%ﬁi Qﬁgﬁ? E)(Qf'i) B(;p oi, DA C, DOPC,
DVRI E, PAMN\/}h ﬁﬁuya ne, polynhi SHi%ime capo ég nrn ol yet hyl enei m ne,

pol y(4- vi nyl pythi aiotubllizep chglesteroy prepamatign. pol y(4 Vi nyI N-aI kyI pyri di ni um
hal i dﬁ%, or conbi nations thereof. 23. The nmethod of claim 16, wherein the
pol yntcl eotide is plasmd DNA 10 24. The nethod of claim 16, wherein the

pol ynucl eoti de i sgetRGh&fod bf Qaint 1‘69 u&%ﬁé‘ﬁpﬂﬁ%ﬁbﬁizhdlghdléstéfbf al DNA,
chronosonal fragnments, antisense .oligonucleotides, antisense

phosphor ot hi peaparatipn gemprases chelesserol lhzﬁdlvéﬂmwlmﬁm bozynes, or
conbi nati ons t hereof.

18. The method of claim 17, wherein the cyclodextrin is methyl-f-
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.
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15 25. The nethod of claim 16, wherein the cells are eukaryotic cells. 26.
The met hodvobi/odréd m 25, wherein the cells are mamul i an cqldyiscosdfize 7. The
met hod of claim 26, wherein the cells are urothelial cells. 28. The nethod
of claim 16, wherein the polynucleotide is applied to cells in culture. 25
29. The nethod of claim 16, wherein the polynucleotide is applied to cells

in vivo. 30. The net hodrif mehéd 6 cladm M6t thi eatitlidpie aédide is applied
to wurothelial cells in vivo by intravesical delivery to_a bladder of a

subj ect. 30 31. pAbwsERbdenddmenisiseipeted Hgmdhp mourgentitingaf Dafdht into
urothelial cel [T JI 1l
1111 11111 IN Wﬁ?@?@%@%&g 8 coﬁg HC?%@,[ he

pEar maceut i ca: JZQMRIE\B![AMAM spolylgkmile; lzcdyhxstidm![zeegbbratglmm,ep?r at: on to f_O[ m a
phar maceufi ca i.on el iveri.n e r maceu . conposi tion
e r avesi Bul ar | PoNRISEe PAGET RGOV B B SR PPN LEvinkS

phar maceuti cal 5’!&?1 hRidHBhh W &Y, drRbMbinatissahdigbs al cells of the subject.
32. The nethod of ai'm 31, wheréin the solubilized chol esterol

preparation conprises chol esterol soI ubilized with a cyclodextrin. 10 33.

The met hod of claim cl odext cl odextrin.
34. The nethod of cl ngﬁ&ﬁ%er SN éwggrgntégg?lw ?otsnggéﬁpé%ﬁmu fromthe
group consi stingMNA. al pha-cycl odextrl n, beta-cyclodextrin, gamm- 15

cyclodextrin, sulfated beta-cyclodextrin, tertiary am ne beta-cycl odextrin,
quat er naty ani ne beta-cycl odextrin, 2-hydroxypropyl-beta-cyclodextrin,

2, 6-di - O met hyl - bet a)gyplQ0Q¥Ld b bilaiNe! QnUEHNE pSha&orat AdREbY N, 6-

from the group consisting of viral DNA, chromosomal fragments, antisense

D¢

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 celis.

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 urcthelial

cells of a subject, the method comprising:

43
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deoxy- 6- S- bet a- D- gal act opyr anosyl - 6-t hi o- cycl onmal t o- hept aose,

sul f obMOYI/#878%r - bet a- cycl odextrin, carboxymnet hyl - bet a- egtisaomooaso n, 20

car boxynet hyl - et hyl - bet a- cycl odextrin, diethyl-beta-cyclodextrin, dinethyl-
bet a- cycl odextrin, random net hyl - bet a- cycl odextrin, gl ucosyl -beta-

cycl odextrin and mal tosyl - beta-cycl odextrin. 35, The met hod of cl aim 31,
wher ei n t he phar nepaehining the phgupaceptical agast Witb4: sotqb)hzgd chelgsierobne

O O O e T
(i) is a cati oni deldveqmgiha/phManmtlcmaosiﬁBn.'ﬂ.raviéimlm moaithef cl ai m 35,
wherein (i Super f e

S |(: : ?‘?lf“?qerf’%ﬁﬁ\“ﬂ?‘m @%%@aﬁer %g*}%%‘t}féﬂ”é%%‘blso 38. The

met hog of cl gotRei@ celdSftBE Bubjéte, cationic |lipid, cationic polyner or
dendrinmer is selected fromtfl1e group consisting of DOPE, DOTMA, DOGS,

DCDAB, DODAC, DOSPA, DC-Chol, DA C, DOPC, 5 DVRIE, PAMAM polylysine,

pol yhi stidine, p [ ol y(4s | pyri di ne),

pol y(vi nyl am ne) Oﬁlgfhgt’%w nﬁp"k‘ﬁ?gw‘% i g‘ﬁ%tl’lg%ﬁdﬁcgﬂ é@?‘}i or conbi nati ons
t hereof . 39.prépaatiri dontprisés aiowst&aaolumﬁww&thta@cmbmucl eotide is plasmd
10 DNA. 40. The nethod of claim35, wherein the polynucleotide is selected

fromthe group consisting of viral DNA, chronmosomal fragnents, antisense

oli gq@ucl eoti des, 39”4 L SRERA oqla%grﬂngr Lmﬂqhgﬁgé#&gﬁqgﬁ&nﬁﬁz RNA 15

nol ecul es and rlbozynes or tions t d for treating
bl adder cancerlddextainsubj ect, the nmet hod conprising: conbining a
pharmaceutical agent with a sol ubilized chol esterol
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.
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20 preparation to forma therapeutic conposition, wherein the

phar naceut\;vé%klﬁ.,ggent has anti-cancer activity against bl r
cells; and delivering the therapeutic conposition intravesicularly'into the
bl adder of a subject, such that bl adder cancer cells of the subject are
treated wth the pharmaceutical agent. 25 42. The nethod of claim41,
wherein the solubilized chol esterol preparation conprises chol esterol
solubilized with a cyclodextrin. 43. The nethod of c¢laim42, wherein the
cycl odextrin is methyB-Bee meghed ef cdrjendd whererthe catiopic hipid, cationic ~ sep WO

01/ 15755 PCT/ S ' . jpr t he

cycl odextrin i Sggg&g%ggge rO%I?ﬁsgfgg‘%gggmggﬁg‘}"gk’i@’ﬁ’g“’%é’f“@%?%ﬁjgﬁéyc| odextrin,
bet a- cycl odext r iQTAyRDGS, \ODABXDODA C,2DFBA SOCHE o -ROKT, ®RBA,r i n,
tertiary am ne ta-cycl trin, . quaternar i ne .beta-cycl odextrin,

2- hydr oxypr opy! m)&%ﬁg&ﬂ’b Hnesp ?’}@gb‘ﬁ’-‘%pa&lﬁwg%et a-cycl odextrin,
hydroxyet hyl - bet@resiaeighd, bBly(fvinylpyridine), poly(vinylamine), poly(4-vinyl-

deoxy- 6- S- bet a- D- gal act opyr anos_a/l -6-t %’lnp- cycl omal’t o- hept aose,

sul f obut yl et her Noelkul myyidirdurehelida), orcambiwtiensithgrteotbet a- cycl odextrin,

car boxynet hyl - et hyl - bet a- cycl odextrin, diethyl-beta-cyclodextrin, dinethyl-

bet a- cycl odextrin, random net hyl - bet a-cycl odextrin, glucosyl-beta 10
cyclodextrin and nal BosPHethethed efuddimdBs vhermin thé polThecleotidb dxbigdmid| ai m 41,
wherei n the pharmaceuti cal agent conprises: (i) at |east one

pol ynucl é8ti de &MA(ii) a cationic lipid, a cationic polymer or a
dendrinmer, or conbinations thereof. 15 46. The nethod of claim45, wherein
(ii) is a cationic lipid which is DOTAP. 47. The method of claim 45,
wherein (ii) is denddDnEre méthahoficdaim 35, wherein the polynucleotide is selected

from the group counsisting 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-B-
30 cyclodextrin.
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20 Superfect. 48. The nethod of claim45, wherein the cationic |ipid,

cati onwo 013815¢ner or dendrimer is selected fromthe greap/sconsoisd i ng of
DOPE, DOTMA, DOGS, DODAB, DODAC, DOSPA, DC-Chol, DA C, DOPC, 25 DMVRIE,
PAMAM pol yl ysi ne, pol yhistidine, polyarginine, polyethyleneimne,

pol y(4-vinyl pyridine), poly(vinylanmne), poly(4-vinyl- N-alkyl pyridinium
hal i de), or conbi A4tThsarethorbeiccddim 4 wherein thecyeladextnn isselectsd, wherein the
pol ynucl eot i | . K ressi t 1codi ng at
oatt one pr SPEBERED EDusslther R BB MBS RAKER. BnBBr e D

i nterferon, cydlodextrir, suifdtal betgrcyalodentrin, teffhary latolinge betd-cyclodextrin, 1{1 111 |' ~
WO 01/ 15755 PCT/ SCOQO' Q0130 anti-angi.,ogeni c facfors, anti-netastatic
factors, _rrenﬁl‘%iﬁé‘a'?yé’t‘,’@ﬁ? ?t§'_°¥?rlﬂé‘?"&ﬁ’g_t2'lg’@5?3‘ry8§§’¥i' etawyc ?ﬁ%t hod of claim
45, wherein 9meamwemyqlb%&tdyéﬁademrhﬁﬁ@cyeﬁlyﬁﬂe@e?asaémqa, giector encoding a
protein sel ected fromthe group consi sting “of interleukin-1 (IL-1),

i nt er | euki n- Gequyt6-3beta-Ntgatactopiianogyl6Hthicsyyclomaltoeheptagké.n- 9 (1 L-9),

B
granul ocyt e- gErbooymHAl-cnl.0BM-olodukieh] diehy BEdety16ARSR), diréhgt anul ocyt e

col ony stinul ati n% factor (GCSF), macrophage c¢olony stimulating factor
(MCSF), heat beaw¥ °§‘?"(§‘P’birﬁ"{°ﬂgnf€hyb3§?'°¥?r°ger¥lﬂ'&'gW@Fylth‘eta'vascuI ar

endot el 1 al 1bd ,ﬁl (bt /BT i1 ssue inhibitor of

met al | opr ot eleﬁéaseeg&%% ?&tgﬂd aa%rdc%glcnii n receptor. 15 51. The nethod of
claim45, wherein the polynucl eotide conprises an expression vector
encoding interleukins2 (1]- 52.-.The nmethod, of claim 45, wherein the

pol ynucl eot i de co%ﬁh&"é‘éﬂk%(ﬁgf&?}%@s Wg‘ﬁr%@mpa“@ﬁ%@%agﬁ‘bnul ocyte

macr ophage cobmpisesi(iyasicabt dig poRRutR6efidy and @ SEationfodipid ecafiBhiood of cl ai m

45, wherein the pol ynucl eotide conprises. an_expression vector encodi ng
i nt er f er on- ypolymer of 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, interferons, colony stimulating factors,

) UL



25 54. The nmethod of claim45, wherein the pol ynucl eotide conprises at

| east one @@W/$H/EON vector encoding two or nore of inter'fd-ﬂ?édb‘m%m%b'—‘ 2),

granul ocyt e macrophage colony stinulating factor (GMCSF) and i nterferon-
30 55. The nethod of claim41l, which further conprises performng an
addi tional anti-bl adder cancer treatnent on the subject. 47 WO 01/ 15755
PCT/ SCOT 00130 o3t anklifsee thils, Ot hdstie 2 Facttt S EBrahdRcfidlis el

anti - bl adder cancer f{reatnent conprises Bacillus Calnette-Gierin (BCG

t herapy. 57. A tumensippresi®s conposition conprising: 5 (i) a

pol ynucl eotide; (ii) a cationic lipid, a cationic polynmer or a dendriner,

y

or conbinations thereof; and (iii) a solubilized chol esterol preparation.

10 58. The transfect sy ThOMeMSH bf CIRIn04S, Gittdin &ié poWnasiedtiietddtprisal ubi | i zed

chol esterol preparation conprises _ cholesterol solubilized with, a
cycl odext Bi n. 530 erREESEiPR HtEEREINE PPN selestpddione the) SHOWECONSEEEi n t he

15

cycl odextrin i S'm{’tﬁﬁéﬂ%@g@g@g%remn"ﬁ@{“glpgtghﬁﬁ%%%mggn conposi tion of

clai m 58, wherein [(rini1s's
of al pha- cycl odéxterleukin-9(H-8), intedamitpnt Ir {Ths1 1 ydmeniewdyst DAEXEH)) n, sul fat ed
bet a- cycl odextrin

tertiary 2Q am ne beta-cycl odextrin, quaterpary am ne
bet a- cycl odext r i’ﬁf,GﬂQ‘Jkan}gr(éﬂ/%r Wﬁe%@tléigyiﬁgmww, mter?emn-ﬂ

2, 6-di - O net hyl -, -cycl L 0 - I in,
6" deoxy- 6. & bet MR LR ERTIRL L Rorodble O M AL TS (BRI

sul f obut yipet her -haiedyctodetg stifiulating EREI(SYTSE), Myderdpbige eedyodext rin,
car boxynet hyl - et hyl - bet a- cycl odextrin, 25 diethyl-beta-cyclodextrin,
di met hyl - bet a- cyEFBdREIETRGOT (M{rRfarhetbihegk protsin (H¥B)e Pt 8% prtagonist of

gl ucosyl - bet a- C%&ﬂﬁ&&&ﬂelﬁ@@el[@%@%ﬁﬁé&%ﬁ?ﬁmﬁy E!t@ﬁ;;‘c;iﬁlg&'ibr of61. The

transfection conposition of clalmb57, ern’(1i)

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 (1L-2),

granulocyte macrophage colony stimulating factor (GMCSF) and interferon-
2

30 55. The method of claim 41, which further comprises performing an

additional anti-bladder cancer treatment on the subject.
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cationic lipid which is DOTAP. 30 62. The transfection conposition of claim
57, wh®ia01AsTssi) is a dendriner which is Superfect. 48chr/SGo0/00130
li*i1111121111121121213212211111 ~* r CL MS WO 01/15755 PCT/ SGOO' 00130 63.
The transfection conposition of claim57, wherein the cationic |ipid,
cationic polynmer or dendrinmer is selected fromthe group consisting of

DOPE, DOTMA, DOGS;6.[teassthaiceiadimiosmherebCheladditiomidagti-biadd®PC, DMVRI E,

pol y( 4- vi nyl BoEEr TR SRy pE TSRS Cai o n RO EREU iyl Tpyr ai i um
hal i de), or conbinations thereof. 64. The transfection conposition of claim

57, wherein the 10 polynucleotide. s plasm d DNA. 65. The transfection
conposi tion of cl &f-f BsiGatiop SpmPesion ¢RAMBIFIAE: eotide is sel ected fromthe

group sconsi sting @ MoivHucleblide; chronosomal fragnents, antisense

ol i gonucl eoti des, "ant’i sense 15 phosphor ot hi oate ol i gonucl eoti des, RNA

mol ecul es and ri b@pyaeationarlipid,adatiozit polysmer bea defdrinier,drl~~~. 1 ~ 11 -~

111111 ~ 111 a ,. ~... E = .., , 49
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-B-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.
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15

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,
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

polynucleotide is plasmid DNA.

65. The transfection cormiposition of claim 57, 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,
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