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rhabdomyosarcoma, choriocarcinoma, pancreatic, retinoblastoma, multiple myeloma

and other types of cancer. In another embodiment the liposomes deliver melphalan for
the treatment of multiple myeloma, other tumors of the blood or other solid tumors. In
still other embodiments the liposomes can deliver other drugs such as atropine,

pemetrexed or irinotecan across the blood-brain barrier. .

Background of the Invention

[0002] Primary brain tumors, and particularly gliomas, are one of the most difficult
cancers to treat. In addition to primary tumors, metastatic brain cancer from a variety of
primary sources [predominately lung (60%), breast (20%) and melanoma (10%)], is
diagnosed in over 150,000 patients a year (Newton H and Malkin M (2010) Neurologic
Complications of Systemic Cancer and Antineoplastic Therapy. Informa Healthcare).
Thus, there is a critical need for improved therapies for brain cancers, which is
confirmed by the fact that the NCI has made brain cancers one of its top 5 funding
priorities. The lack of improvement in the prognosis of patients with brain cancer over
the last few years, despite recent advances in drug discovery and development of

targeted therapies, is due in large part to the inability of the therapeutics to cross the



[ 0003] The current standard of therapy for glioblastoma nultifonne (GBM is
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(DMSO). Suitably the solution of tenpzolomde is prepared at- a
concentration of about 1 mMto about 200 nM or about 50 mMto about 200
nmv [ 0009] | nenbodi nent st hel i pi dsol uti onconpri ses

1, 2-di ol eoyl- 3-tri net hyl amroni unpr opane( DOTAP) and
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[0008] Suitably the solution of temozolomide is prepared in dimethyl sulfoxide
(DMSO). Suitably the solution of temozolomide is prepared at a concentration of about
1 mM to about 200 mM, or about 50 mM to about 200 mM.

[0009] In embodiments the lipid solution comprises
1,2-dioleoyl-3-trimethylammonium propane (DOTAP) and
1,2-dioleoyl-sn-glycero-3-phosphoethanolamine (DOPE).

[0010] Suitably the molar ratio of lipid:temozolomide is about 0.1:1 to about 5:1, more

suitably about 0.5:1 to about 2:1 or about 1:1. Suitably the concentration of the
liposome is about 1 mM to about 2 mM, or about 2 mM to about 10 mM



[0015] In further enbodi nents, nethods of treating cancer in a patient,
conprising admnistering to the patient a targeted nel phal an cationic

| i posonme conpl ex are provided. Suitably, the targeted nel phal an cationic
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complexed with, but not chemically conjugated to, the cationic liposome.

[0013] In another embodiment, a method of preparing a targeted melphalan cationic
liposome complex is provided. In embodiments, the methods comprise preparing a
lipid solution comprising 1,2-dioleoyl-3-trimethylammonium propane (DOTAP) and
1,2-dioleoyl-sn-glycero-3-phosphoethanolamine (DOPE) in ethanol, preparing a
solution of melphalan, mixing the lipid solution with the solution of melphalan,
injecting the mixture of lipid and melphalan into an aqueous solution, thereby forming a
melphalan cationic liposome, mixing the melphalan cationic liposome with a ligand,
including for example, an anti-transferrin receptor Single chain Fv (TfRscFv), to form
the targeted melphalan cationic liposome complex, wherein the ligand (e.g., TfRscFv)
is directly complexed with, bﬁt not chemically conjugated to, the cationic liposome.

[0014] In further embodiments, methods of treating cancer in a patient, comprising
administering to the patient a targeted temozolomide cationic liposome complex are
provided. Suitably the targeted temozolomide cationic liposome complex comprises a
cationic liposome comprising 1,2-dioleoyl-3-trimethylammonium propane (DOTAP)
and 1,2-dioleoyl-sn-glycero-3-phosphoethanolamine (DOPE), temozolomide and a
ligand complexed with, but not chemically conjugated to, the cationic liposome.

[0015] In further embodiments, methods of treating cancer in a patient, comprising
administering to the patient a targeted melphalan cationic liposome complex are
provided. Suitably, the targeted melphalan cationic liposome complex comprises a

cationic liposome comprising 1,2-dioleoyl-3-trimethylammonium propane (DOTAP)



therapy to the patient in conbination with the targeted tenpzol om de,

nel phal an, atropine, prenetrexed or irinotecan cationic |iposone conpl ex.
Suitably the additional therapy conprises admnistration of a

chenot herapeutic agent, a small nolecule, radiation therapy or a nucleic
aci d-based therapy. In enbodinents, the nucleic acid-based therapy

o abn @ DA D5 o BlycroZBbhh e kR EE (BOPR) Shob MRS b Bited. .. oy
conpri ses adwimpiladed atith) Butafot @hemiesll e conljegatdiatb, thewatisrdglipesoar, nodi fies or

ot herwi se negates the effect qof .in the cancer cel I.n additjopal
embodi KA the aIHd‘?IP]P%{YRFmP’hQ’Fa%@/‘{;&%PP%é§ IEHCAP Y ﬁ]é{)i &Hrahgm (RJSI’ ecul e
that interf j e i t i.ne.: Q1 :hindi

acet yl chol i Rl (M1Canbab telcyBsls, Fak hyFeabics friclh ISP AN, g

br ai n canceriniradeamplafIDenintracanqr (I6),niptrapkritoneat €iP) ngpbliogudl € Shittramsdermal

targeted te | om de jonic 1iposo conpl ex are .provided. Suitably the
target ed te%@g’l ’(S’H'iaﬂ%saf:g[H)oH’itr@c‘frF éo@é)’dﬁ rex g"o&”rp‘BF atég’ sloyy [e?‘??é i onic
| i posonme conppiak,NGr dubéndh&u® Nhmisistrhtidie o Wi AR #tBh ARAREal DR oaNd
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conpri sing therapy to the patient in combination with the targeted temozolomide, melphalan,
atropine, premetrexed or irinofecan cationic liposome complex. Suitably the additional
therapy comprises administration of a chemotherapeutic agent, a small molecule,
radiation therapy or a nucleic acid-based therapy. In embodiments, the nucleic
acid-based therapy comprises administration of a cationic liposome complex
comprising a plasmid DNA expressing wild-type p53. In embodiments the additional
.therapy comprises administration of any molecule that down-regulates, modifies or
otherwise negates the effect of MGMT in the cancer cell. In additional embodiments
the additional therapy comprises administration of any molecule that interferes with the
production of acetylcholine, or binding of acetylcholine to its receptor.
[0022] In embodiments, methods of treating brain cancer in a patient, comprising
administering to the patient a targeted temozolomide cationic liposome complex are

provided. Suitably the targeted temozolomide cationic liposome complex comprises a



adm nistering to the patient a targeted nel phalan cationic |iposone conpl ex
prepared by the nethods described herein. [0027] Met hods are al so provided
of treating a brain cancer in a patient, conprising admnistering to the
patient a cationic |iposone conplex ﬁgpgpri sing a cationic |iposone
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herei n. comprising administering to the patient a targeted cationic liposome complex, are
provided. Suitably the targeted melphalan cationic liposome complex comprises a
cationic liposome comprising 1,2-dioleoyl-3-trimethylammonium propane (DOTAP)
and 1,2-dioleoyl-sn-glycero-3-phosphoethanolamine (DOPE), melphalan and an
anti-transferrin receptor single chain Fv (TfRscFv) directly complexed with, but not
chemically conjugated to, the cationic liposome.

[0025] In still other embodiments, methods of treating any cancer in a patient,
comprising administering to the patient a targeted cationic liposome complex are
provided. Suitably the targeted melphalan cationic liposome complex comprises a
cationic liposome comprising 1,2-dioleoyl-3-trimethylammonium propane (DOTAP)
and 1,2-dioleoyl-sn-glycero-3-phosphoethanolamine (DOPE), melphalan and an
anti-transferrin receptor single chain Fv (TfRscFv) directly complexed with, but not
chemicaliy conjugated to, the cationic liposome.

[0026] Methods of treating cancer in a patient, are also provided, suitably comprising
administering to the patient a targeted melphalan cationic liposome complex prepared
by the methods described herein. -

[0027] Methods are also provided of treating a brain cancer in a patient, comprising
administering to the patient a cationic liposome complex comprising a cationic
liposome comprising 1,2-dioleoyl-3-trimethylammonium propane (DOTAP) and
1,2-dioleoyl-sn-glycero-3-phosphoethanolamine (DOPE) a plasmid DNA expressing
wild-type p53 and an anti-transferrin receptor single chain Fv (TfRscFv) directly

complexed with, but not chemically conjugated to, the cationic liposome; and

temozolomide.



[0032] FIG 3B shows KMs-11 cell survival versus concentration of TMZ for
free TMZ and a targeted cationic |iposonme conprising TMZ, as descri bed
herein. [0033]FI G 4A shows fluorescence intensity of the brain tunors
using the MaestroTMin vivo fluor escenge i magi ng system [0034]FIG 4B
shows magnetic resonance imaging (MR’ 7 mages of US7MG | uc2 gl i obl ast oma
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mce treated . free TMZ and sc [0037] FIG 7 shows additional
bi ol uni nescéh‘ma ‘?fﬁ‘b‘ieﬁaa‘qu}ﬂaegng é‘i’i’f‘@ﬁswth free TMZ and sclL- TMZ.

[0038] FIG 8 shows the quantification of biol um nescence signal intensities
of mce treated with free TMZ and sclL-TMZ. FILG 95howsthe
quanti fication &RIEEDESG&BJJ@‘I@EHEIIE@M V @S/ TIFG
[0029] FIG. 1 shows U251 cell survival versus concentration of TMZ for free TMZ and
three cationic liposomes comprising TMZ, as described herein. '
[0030] FIG. 2 shows U87 cell survival versus concentration of TMZ for free TMZ and
cationic liposomes comprising TMZ, as described herein.
[0031] FIG. 3A shows T98G cell survival versus concentration of TMZ for free TMZ
and a targeted cationic liposome comprising TMZ, as described herein.
[0032] FIG. 3B shows KMS-11 cell survival versus concentration of TMZ for free
TMZ and a targeted cationic liposome comprising TMZ, as described herein.
[0033] FIG. 4A shows fluorescence intensity of the brain tumors using the Maestro™
in vivo ﬂuoréscence imaging system.
[0034] FIG. 4B shows magnetic resonance imaging (MRI) images of U87MG-luc2
glioblastoma tumor xenografts in response to treatment with free TMZ and scL-TMZ.
[0035] FIG. 5 shows the size of brain tumors measured by MRI after treatment with
free TMZ or scL-TMZ.

[0036] FIG. 6 shows bioluminescence imaging of mice treated with free TMZ and
scL-TMZ.
[0037] FIG. 7 shows additional bioluminescence imaging of mice treated with free

TMZ and scL-TMZ.

[0038] FIG. 8 shows the quantification of bioluminescence signal intensities of mice
treated with free TMZ and scL-TMZ.

[0039] FIG. 9 shows the quantification of bioluminescence signal intensities of mice
treated with free TMZ and scL-TMZ.

[0040] FIG. 10 shows body weight measurements of mice during and after treatment
with free TMZ and scL-TMZ.

[0041] FIG. 11 shows a Kaplan-Meier plot demonstrating long term survival for
animals treated with free TMZ and scL-TMZ.



treated with free TMZ and scL-TMZ. [0040] FIG 10 shows body wei ght
measurenments of mce during and after treatnent with free TMZ and scL- TMZ
[0041] FIG 11 shows a Kapl an-Mei er plot denobnstrating |ong term survival

for animals treated with free TMZ and scL-TMZ. - 8 - [0042]FIG 12 shows a
Kapl an- Mei er plot denonstrating long termsurvival for aninmals treated with

free T d scL- t i S er ) : LG | f
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determn by cl ed_caspase- 3 antj body staining of single cells j at ed
from brlﬁg‘ﬂaltumrga&[‘ gé&g‘? '@elg%@‘ SR Live ISR UpLRE fheeeé?e?w% %ﬁ%&S&L- ™
treated m Cemd scL-TMZ. | |

[0044] F1G. 14 shows results of flow cytometric analysis for the level of apéptosis as

determined by cleaved caspase-3 antibody staining of single cells isolated from brain

tumors.
[0045] FIG. 15 shows tumor size for free TMZ and scL-TMZ treated mice.
[0046] FIG. 16 shows body weight of mice treated with free TMZ and scL-TMZ.
10047] FIG. 17 shows TUNEL staining of CD133+ CSCs and CD133- non-CSCs

isolated from subcutaneous T98G xenograft tumors.

[0048] FIG. 18 shows levels of apoptosis assessed by cleaved caspase-3 antibody
staining of SSEA-1+ CSCs from subcutaneous T98G brain tumors.

[0049] FIG. 19 shows T98G cell survival versus concentration of TMZ for free TMZ,
scL-TMZ, as described herein and the combination scL-TMZ along with targeted

cationic liposomes expressing the p53 gene.

[0050] FIG. 20 shows tumor-targeted delivery of systemically administered
- scL-6FAM-ODN to U251 xenograft brain tumors.
[0051] FIG. 21 shows flow cytometric analysis of scL-delivered 6FAM-ODN uptake in

- CD133+ and CD133- non-CSC cells isolated from U251 xenograft tumors after

systemic administration.

[0052] FIG. 22 shows tumor specific targeting of CSCs in IC GBM by scL-Delivered
ODN after systemic administration.

[0053] FIG. 23 shows XTT assay after the addition of the TMZ to the cells and ICs
values.

[0054] FIG. 24 shows bioluminescence imaging of U87 IC tumors using Xenogen
showing the synergistic effect of the combination of SGT-53 + TMZ.

[0055] FIG. 25 shows the synergistic effect of SGT-53 plus TMZ on IC U87 GBM.

[0056] FIG. 26 shows the synergistic Effect of the combination of systemically

administered scL-p53 plus TMZ.
[0057] FIG. 27 shows Kaplan-Meier plots demonstrating SGT-53 sensitization to TMZ

treatment significantly enhances survival in an IC U87 model of GBM.



[ 0046] FIG 16 shows body weight of mce treated with free TMZ and scL- TMZ.
[0047] FIG 17 shows TUNEL staining of CD133+ CSCs and CD 133- non- CSCs
i sol ated from subcut aneous T98G xenograft tunors. [0048] FIG 18 shows
| evel s of apoptosis assessed by cl eaved caspase-3 anti body staining of
SSEA- 1+ CSCs from subcut aneous T98G brin tunors. [ 0049] FI G 19 shows T98G
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delivery of system cally adm nistered scL-6FAM ODN to U251 xenograft brain
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to the cel | LRGP Xenogr: y systemic complex p53 gene therapy.

[0061] FIG. 31 shows down modulation of MGMT expression in T98G TMZ-resistant
intracranial brain tumors by systemic complex p53 gene therapy.

[0062] FIG. 32 shows a proposed dosing schedule for scL-p53.

[0063] FIG. 33 shows KMS-11 cell survival versus concentration of MEL for free MEL
and a targeted cationic liposome comprising MEL, as described herein.

[0064] FIG. 34 shows comparison of unencapsulated MEL, with Lip/MEL without the
targeting moiety and with the full scL/MEL complex, as well as with liposome only.

[0065] FIG. 35 shows comparison of unencapsulated MEL, with fresh and lyophilized
scL/MEL complex.

[0066] FIG. 36 shows the effect of targeted p53 therapy on KMS-11 cells.

[0067] FIG. 37 shows the effect of free (unencapsulated) MEL alone, scL/MEL alone,

or the combination of free (unencapsulated) or scL encapsulated MEL plus scL-p53 on

KMS-11 cells.

DETAILED DESCRIPTION OF THE INVENTION

[0068] It should be appreciated that the particular implementations shown and
described herein are examples and are not intended to otherwise limit the scope of the
application in any way.

[0069] The published patents, patent applications, websites, company names, and
scientific literature referred to herein are hereby incorporated by reference in their
entireties to the same extent as if each was specifically and individually indicated to be
incorporated by reference. Any conflict between any reference cited herein and the
specific teachings of this specification shall be resolved in favor of the latter. Likewise,
any conflict between an art-understood definition of a word or phrase and a definition of -
the word or phrase as specifically taught in this specification shall be resolved in favor

of the latter.



val ues. [0054]FIG 24 shows biol um nescence imaging of U387 IC tunors using
Xenogen showi ng the synergistic effect of the conbination of SGI-53 + TMZ.
[ 0055] FI G 25 shows the synergistic effect of SGI-53 plus TMZ on | C U87
GBM [O0056] FIG 26 shows the synergisibc Ef fect of the conbination of
system cally adm nistered scL-p53 plus*TMZ. [0057]FI G 27 shows

Kapl an-pMeier plots. degonstrati.ng SGI-53.sensictizati.an . bo TM 4 real t
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numerical range, it modifies that range by extending the boundaries above and below

the numerical values set forth. In general, the term “about” is used herein to modify a
numerical value above and below the stated value by a variance of 20%.

[0071] Technical and scientific terms used herein have the meaning commonly
understood by one of skill in the art to which the present application pertains, unless
otherwise defined. Refereﬁce is made herein to various methodologies and materials
known to those of ordinary skill in the art.

[0072] In embodiments, methods of preparing targeted temozolomide cationic
liposome complexes are provided. Suitably, the methods comprise preparing a lipid
solution comprising one or more cationic lipids in ethanol. A solution of temozolomide
is prepared. The lipid solution is mixed with the solution of temozolomide. The
mixture of cationic lipid and temozolomide is injected into an aqueous solution, thereby
forming a temozolomide cationic liposome. The temozolomide cationic liposome is

. then mixed with a ligand to form the targeted temozolomide cationic liposome
complex. Suitably, the ligand is directly complexed with, but not chemically
conjugated to, the cationic liposome. | :

[0073] In embodiments, methods of preparing targeted melphalan cationic liposome
complexes are provided. Suitably, the methods comprise preparing a lipid solution
comprising one or more cationic lipids in ethanol. A solution of melphalan is prepared,
suitably in absolute ethanol containing enough hydrochloric acid to facilitate dissolving
the melphalan. The lipid solution is mixed with the solution of melphalan. The mixture
of cationic lipid and melphalan is injected into an aqueous solution, thereby forming a
melphalan cationic liposome. The melphalan cationic liposome is then mixed with a
ligand to form the targeted melphalan cationic liposome complex. Suitably, the ligand
is directly complexed with, but not chemically conjugated to, the cationic liposome.

[0074] "In embodiments, methods of preparing targeted atropine, irinotecan or
premetrexed cationic liposome complexes are provided. Suitably, the methods
comprise preparing a lipid solution comprising one or more cationic lipids in ethaﬁol.

A solution of atropine, irinotecan or premetrexed is prepared in an appropriate solvent



brain tunor cells and SQ xenograft tunors by system c conpl ex p53 gene
therapy. [0061]FIG 31 shows down nodul ati on of MGVl expression in T98G
TMZ-resi stant intracranial brain tunors by system c conpl ex p53 gene
therapy. [0062]FI G 32 shows a proposig dosi ng schedul e for scL-p53.
[0063] FI G 33 shows KMS-11 cell survival versus concentration of MEL for
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premetrexed cationic liposome is then mixed with a ligand to form the targeted
atropine, irinotecan or premetrexed cationic liposome complex. Suitably, the ligand 1s
directly complexed with, but not chemically conjugated to, the cationic liposome.

[0075] The terms “complex,” “nanocomplex,” “liposome complex” and “cationic
liposome complex” are used interchangeably throughout to refer to the cationic
liposomes of the present invention.

[0076] As described herein, temozolomide is a second-generation alkylating
(methylating) agent causes cytotoxic DNA lesions, and is also approved for treatment

of anaplastic astrocytoma (AA). The structure of temozolomide shown below, has an

empirical formula: CcHgNgOs.
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Temozolomide, MW=194.15
In embodiments, a salt of temozolomide, e.g., an HCI salt, can also be used in the
methods described herein.

[0077] Suitably, the solution of temozolomide (TMZ) is prepared in dimethyl sulfoxide
(DMSO) or other appropriate solvent. The solution of TMZ can be prepared at any
desired concentration. In embodiments, the concentration of TMZ in the solution is
about 0.1 mM to about 500 mM, more suitably about 1 mM to about 200 mM, about 50
mM to about 200 mM, about 50 mM to about 100 mM, or about 50 mM, about 60 mM,



[0068] It should be appreciated that the particular inplenentations shown
and descri bed herein are exanples and are not intended to otherwse limt
the scope of the application in any way. [0069] The published patents,

pat ent applications, websites, conpang nanes, and scientific literature
referred to herein are hereby incorpo %fed by reference in their entireties
to the same ket mit dbbyRAAMIABoRARCM, GBbIY 00HIM, Bebut1 b aiNtyaolf St ed
to be |ncorporated]n y reference Any conflict betweén any reference cited
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nunerical range, it nodifies that range by extendlng t he boundari es above
and bel ow t HesHufeMN:0al val ues set forth. In general, the term "about” is

used herein to nodify a nunerical val ue above and bel t he stated val ue by
a variance of 20% [0071] Technical and scientific t sed herein have
t he neani ng commonly understood by one of skill in e art to which the

present application p ai ns, unl ess othermﬁsi.nu-. ed. Reference is made
herein to various netéébologles and material s Known\t o those of ordinary
skill in the art. [0072] I di ment s, t ar get ed
t enozol onmi de cationic |iposone onplexv . 2y, t he
nmet hods conprise preparing a li pri sfng one or nore cationic
lipids in ethanol. A solution ofl ¥enDX
solution is mxed with the sol yfion of The mixture of
cationic lipid and tenozo isinje nto an aqueous sol uti on,
thereby formng a temzol/lom de cationic |iposome. The tenpzol om de cationic
| i posone is then m xe ith a ligand to formthe targeted tenozol om de
cationic |liposonme conplex. Suitably, the ligand is directly conpl exed wth,
but not. chemically conjugated toy, %g_d&?%%ﬁﬂj shpposone. [0073]In
enbodi nents, nethods of preparing rgeted nel phal an cationic |iposone
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mM about 90 mM, about 100 mM, about 110 mM, about 120 mM, about 130 mM,
about 140 mM, about 150 mM, about 160 mM, about 170 mM, about 180 mM, or about
200 mM.
[0080] Suitably, the solution of atropine, irinotecan or premetrexed is prepared in an
appropriate solvent such as absolute ethanol, DMSO, water or a buffer solution such as
a Phosphate buffer or a HEPES buffer or a TRIS buffer. The solution of atropine,
irinotecan or premetrexed can be prepared at any desired concentration. In

embodiments, the concentration of atropine, irinotecan or premetrexed in the solution is

about 0.1 mM to about 500 mM, more suitably about 1 mM to about 200 mM, about 50



[0074] In enbodiments, nethods of preparing targeted atropine, irinotecan
or prenetrexed cationic |iposone conplexes are provided. Suitably, the

met hods conprise preparing a lipid solution conprising one or nore cationic
lipids in ethanol. A solution of at roq%ne, irinotecan or prenetrexed is
prepared in an appropriate solvent - - such as absol ute ethanol, DMSO,
water or a I I bt L f er or
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atropi ne, i rjpet BOGAMObr RESRHBHG egd cationic |iposome is then mxed with a
ligand to formthe targeted atropine, irinotecan or prenetrexed cationic
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' about 1:(0.5-3), preferably 1:(1-2) (molar ratio). Exemplary lipids for use in preparing '
the cationic liposomes described herein are well known in the art and include, for
example, 1,2-dioleoyl-3-trimethylammonium propane (DOTAP) and
1,2-dioleoyl-sn-glycero-3-phosphoethanolamine (DOPE).
[0082] Exampies of ratios of Qérious lipids useful in the practice of methods desbribed

herein include, but are not limited, to:

[0083] LipA - .DOTAP/DOPE 1:1 molar ratio

[0084] LipB DDAB/DOPE 1:1 molar ratio

[0085] LipC DDAB/DOPE 1:2 molar ratio

[0086] LipD DOTAP/Chol 1:1 molar ratio

[0087] LipE DDAB/Chol _ 1:1 molar ratio

[0088] LipG DOTAP/DOPE/Chol 2:1:1 molar ratio

[0089] LipH DDAB/DOPE/Chol 2:1:1 molar ratio

[0090] (DOTAP = 1,2-dioleoyl-3-trimethylammonium propane, DDAB =

dimethyldioctadecylammonium bromide; DOPE = dioleoylphosphatidylethanolamine;
chol = cholesterol).
[0091] As described herein, the lipids are suitably prepared in ethanol (e.g., absolute

ethanol) prior to preparing the complexes described herein.



- 12 - about 70 mM about 80 mM about 90 mM about 100 mM about 110 nmM
about 120 nmM about 130 mM about 140 mM about 150 mM about 160 mM about
170 mM about 180 mM or about 200 nM [0078] Mel phal an is an antineopl astic
agent belonging to the class of nitrogen nustard al kyl ati ng agents. An

al kyl ati ng agent adds an al kyl group'?%ll%l) to DNA. It attaches the al kyl

group t e guani S 1 .at r. o Nl 0 e

i dazdPOAT g, “HlutE Gy i Aon 1B ealalFL M R i b bR D RO BB
formul a: C 4B dpBfdpZibOgmotikl of TMZ Malelihalann atrddi¥e Orindtechid) F OprShiietrakddy, the
solution of nel phalan is prepared in absolute ethano!,containing enough
hydr ochl or i disseivgdinDMRQ p5 ethersutipble splyemigs peded i thsdpidmigpreo SHEpbly, the
appropriate : . ' I r .
desired conclg;r?fi1 %gﬁlf)en{mﬁll g%r?‘g%é?%%{pgﬁrﬁg?gmggﬁd;ﬁ’%%gg %g‘%%la ggei n
t he sol uti oradd#tioaludittic DMY., mdthalaabattipirtd) Grinkécanor premstteadd.y- about 1 mMto

about S0 2D\ 20, ML SR 00,01, ShoUl S0.fLe chou 300, or
mM about 11L8n,pta m&2k ek i3 int38n AheoRd WiutidA% HYin ﬁi@%é%s@ré&. m
about 160 nM about 170 mM about 180 nmM or about 200 mM [0080] Sui tably,
t he sol uti omAohsedt hapinnanjected hoteanate frceppedave dxesblisgomp pt piarde cand A,
melphalan, atropine, irinotecan or premetrexed into an aqueous solution. Suitably, the
aqueous solution is water, though additional buffers and salts can be present in the
aqueous solution. In embodiments, the aqueous solution is endotoxin free LAL reagent
water (suitably having an endotoxin content of <0.005 EU/ml) (BioWhittaker).
Suitably the injection is carried out utilizing a syringe or similar device to produce the
liposomes. In embodiments, the aqueous solution is stirred rapidly during addition of
the lipid/TMZ, melphalan, atropine, irinotecan or premetrexed solution so as to
facilitate liposome formation.
[0094] It has been unexpectedly found that no extrusion or sonication is required to
form the liposomes having the desired size and Zeta Potential characteristics, according
to the methods described herein: 'In embodiments, sonication and/or extrusion of the
lipdSOinés s specifically excluded from the disclosed methods. In further
embodiments, the methods of preparing targeted cationic liposomes described
throughout suitably consist of or consist essentially of the recited elements. In such
embodiments, addition of steps such as extrusion, are considered a material alterations
to such methods and thus are specifically excluded from such methods that consist
essentially of the recited elements.
[0095] Preparation of liposomes by mixing the lipids (in Chloroform) together,
evaporating to dryness and reconstituting with water containing the drug in solution (a
common procedure for liposome encapsulation of drugs), did not produce a
homogeneous population. Measurement by light scattering gave poor results, with the
quality report indicating that the cumulant fit error was high, thus the data quality was
too poor for cumulant analysis, and the sample too polydisperse for cumulant analysis.

The Z-Average (d-nm) for this preparation was 743.9nm (number average).
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sol ution such as a Phosphate buffer or a HEPES buffer or a TRIS buffer. The
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desired concentration. In enbodinents, the concentration of atropine,
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galactose), as well as other targeting molecules.

[0098] In exemplary embodiments, a whole antibody or an antibody fragment can be
used as the ligand to make the complexes of this invention. In a suitable embodiment,
an antibody fragment is used, including Fab fragments and single chain Fv fragments
(scFv) of an antibody. -One suitable antibody is an anti-Transferrin receptor (anti-T{R)
monoclonal antibody, and a suitable aﬂtibody fragment is an scFv based on an anti-TfR
monoclonal antibody (TfRscFv). An scFv contains the complete antibody binding site
for the epitope of the TR recognized by this MAb as a single polypeptide chain of
approximate molecular weight 26,000. An scFv is formed by connecting the
component VH and VL variable domains from the heavy and light chains, respectively,
with an appropriately designed peptide, which bridges the C-terminus of the first
variable region and N-terminus of the second, ordered as either VH-peptide-VL or
VL-peptide-VH. Additional ligands, such as those described throughout, can also be
used in the practice of the present invention.

[0099] In one embodiment, a cysteine moiety is added to the C-terminus of the scFv.
Although not wishing to be bound by theory, it is believed that the cysteine, which
provides a free sulthydryl group, may enhance the formation of the complex between
the aﬁtibody and the liposome in both the chemically conjugated and non-chemically

conjugated embodiments. With or without the cysteine, the protein can be expressed in



[ 0084] LipB DDAB/DOPE 1:1 nolar ratio [0085] LipC DDAB/DOPE 1:2 nolar ratio
[ 0086] LipD DOTAP/ Chol 1:1 nolar ratio [0087] LipE
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E. coli inclusion bodies and then refolded to produce the antibody fragment in active
form.

[00100] Suitable ligands, for example, proteins/peptides, antibody or antibody
fragments, are those which will bind to the surface of the target cell, and preferably to a
receptor that is differentially expressed on the target cell. The ligands are mixed with
the cationic liposome at room temperature and at a ligand (e.g., protein, antibody or
antibody fragment):lipid ratio (weight:weight) in the range of about 1:10 (0.01:1) to
about 1:50, suitably about 1:20 to about 1:40 (w:w). Suitably, the weight ratio of
ligand:lipid is about 0.01:1 to about 0.5:1, about 0.3:1 to about 0.4:1, or about 0.33:1,
including any ratio within these ranges. The'ligand (e.g., the protein/peptide, antibody
or antibody fragment) and the liposome are allowed to incubate at room temperature for
a short period of time, typically for about 10-15 minutes.

[00101] The size of the liposome complex is typically within the range of about 5-1000
nm as measured by dynamic light scattering using a Malvern ZETASIZER® 3000 or a
Malvern ZETASIZER® NANO-ZS. See U.S. Published Patent Application No.
2003/0044407 and U.S. Patent Application No. 11/520,796, the disclosures of which
are incorporated by reference herein in their entireties. The size of the liposomes is
demonstrated by a single peak, representing a homogenous size population. More
suitably, the size of the liposome complex prior to the addition of thé ligand is iﬁ the
range 'of about 5 nm to about 500 nm, about 5 nm to about 300 nm, about 5 nm to about
200 nm, about 5 nm to about 100 nm, about 10 nm to about 70 nm, or about 20 nm to
about 60 nm. The size of the liposome complex following addition of the ligand is
suitably in the range of about 5 nm to about 800 nm, about 10 nm to about 500 nm, .
about 20 nm to about 400 nm, about 20 nm to about 200 nm, or about 30 nm to about
200 nm.

[00102] Suitably the liposomes described herein have a positive Zeta Potential. Suitably
the Zeta Potential of the liposomes prior to the addition of the ligand are about 1 mV to
about 200 mV, about 1 mV to about 100 mV, about 10 mV to about 100 mV, about 20
mV to about 60 mV, or about 30 mV to about 50 mV. Suitable the Zeta Potential of the
liposomes following the addition of the ligand are about 1 mV to about 200 mV, about 1
mV to about 100 mV, about 10 mV to about 80 mV, about 10 mV to about 60 mV, or
about 25 mV to about 50 mV.



DDAB/ Chol 1:1 nolar ratio [0088] LipG DOTAP/ DOPE/ Chol 2:1:1 nolar ratio
[ 0089] LipH DDAB/ DOPE/ Chol 2:1:1 nolar ratio [0090] (DOTAP=
1, 2-di ol eoyl- 3-trinet hyl ammoni um pr opane, DDAB=
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[00103] In embodiments, liposomes used to form the complex as described herein are
sterically stabilized liposomes. Sterically stabilized liposomes are liposomes into
which a hydrophilic polymer, such as PEG, poly(2-ethylacrylic acid), or
poly(n-isopropylacrylamide (PNIPAM) has been integrated. Such modified liposomes
can be particularly useful, as they typically are not cleared from the bloodstream by the
reticuloendothelial system as quickly as are comparable liposomes that have not been
so modified. To make a sterically stabilized liposome complex of the present invention,
a cationic liposome comprising temozolomide, melphalan, atropine, irinotecan or
premetrexed is prepared as above. To this liposome is added a solution of a PEG
polymer in a physiologically acceptable buffer at a ratio of about 0.1:100 (nmol of
PEG:nmol of liposome), suitably, about 0.5:50, for example, about 1:40 (nmol of
PEG:nmol of liposome). The resultant solution is incubated at room temperature for a
time sufficient to allow the polymer to integrate into the liposome complex. The ligand
(e.g., protein/peptide, antibody or antibody fragment) then is mixed with the stabilized
liposome complex at room temperature and at a ligand (e.g., protein):lipid ratio in the
range of about 1:5 to about 1:40 (w:w).

[00104] As described herein, the ligand (e.g., protein/peptide, antibody or antibody
fragment) is suitably directly associated (complexed) with the liposome via an

~ interaction (e.g., electrostatic, van der Walls, or other non-chemically conjugated
interaction) between the ligand and the liposome. In general, a linker or spacer
molecule (e.g., a polymer or other molecule) is not used to attach the ligands and the
liposome when non-chemically conjugated.

[00105] As described herein, in additional embodiments, the ligand (e.g.,
protein/peptide, antibody or antibody fragment) is chemically conjugated to the cationic
liposomes, for example, via a chemical interaction between the cationic liposome which
contains a maleimidyl group or other sulfhydryl-reacting group, and a sulfur atom on
the ligand (e.g., protein/peptide, antibody or antibody fragment). Such methods of
direct chemical conjugation are disclosed in U.S. Patent Application No. 09/914,046,
filed October 1, 2001, the disclosure of which is incorporated by reference herein in its
entirety.

[00106] - Suitable ratios of lipid:temozolomide for use in the methods and liposomes are

described throughout. In exemplary embodiments, the molar ratio of
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el ements. about 20% to about 100%, about 20% to about 80%, about 20 % to about 60%, or about
20% to about 40%, encapsulated melphalan. This is a surprising an unexpected result of
the ethanol injection method for encapsulating melphalan in the liposomes.
[00111] Encapsulation efficiency for the atropine, irinotecan or premetrexed liposomes
is suitably in the range of about 20% to about 100%, about 20% to about 80%, about 20
% to about 60%, or about 20% to about 40%, encapsulated atropine, irinotecan or
premetrexed. This is a surprising an unexpected result of the ethanol injection method
for encapsulating atropine, irinotecan or premetrexed in the liposomes.
[00112] In additional embodiments, the liposomes can also comprise endosomal
disrupting peptides, such as the K[K(H)KKK]s-K(H)KKC (HoKC) (HK) (SEQ ID NO:
1) peptide manufactured by Sigma-Genosys (The Woodlands, TX), associated with the
liposomes. The endosomal disrupting peptide HoOKC may help the release of TMZ,
melphalan, atropine, pemetrexed or irinotecan in the cytoplasm of the cells. In such
embodiments, the liposomes suitably also comprise MPB-DOPE at 5 molar percent of
total lipid. Since the HoKC peptide (K[K(H)KKK]s-K(H)KKC) carries a terminal
cysteine, MPB-DOPE is included to allow conjugation of the peptide to the liposome.

The Lip-HoKC liposomes were prepared using the coupling reaction between the
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fragment in @gbieus (fn%rg?netrexed. Suitable kits can comprise, in separate, suitable containers,
the targeted TMZ, melphalan, atropine, irinotecan or premetrexed cationic liposome
complexes (suitably dried, lyophilized powders) and a suitable buffer. The components
can be mixed under sterile conditions in the appropriate order and administered to a
patient within a reasonable period of time, generally from about 30 minutes to about 24
hours, after preparation. Liposomes are suitably prepared in sterile water-for-injection,
along with appropriate buffers, osmolarity control agents, etc. The complete complex is

suitably formulated as a dried powder (lyophilized) (see, e.g., U.S. Published Patent
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associ ated (conpl exed) wi th the |posorre via an interaction (e.g.,

el ect r ost at | encapsalnteiéassovhbted/complenechen amyner kB nofc thiebs regionsughttkel cationic

i nteraction), between tp nd an t he .| i posone. In general, a |inker or
spacer nol ectiosORE cgmp eéei)%‘ig@ﬁﬂes%‘} BYREP ol ecul e) is not used to attach

the |igmogm)and the ﬁxftﬁé}s%iﬁod@ﬂﬁ&ltﬂogf Hﬁzﬁﬂeﬁﬁéd]yc6ﬂ5b§ﬁ@{sedcon{&ﬁﬂx%5]tﬂé
descri bed herein, in additional enbodinents, the |igand (e

pr ot ei n/ pept lighad-tangeted sationie lmwrb@@ympleagméwylbﬁ:dstlvcmghp@haneypr@wd}‘:@ugén ed to
the cationic |iposones, for exanple, via a chem cal interaction between the
cationic |iposome which contains a naleimdyl group or other

sul f hydryl -reacting group, and a sulfur atomon the ligand (e.g.,
protei n/ peptide, antibody or antibody fragnent). Such nmethods of direct
chem cal conjugation are disclosed in U S. Patent Application No.

09/914 046 filed Oct ober 1, 2001, the disclosure of which is incorporated

Y



[ 00106] Suitable ratios of |ipid:tenozol om de for use in the nethods and

| i posones are described throughout.|ln exenplary enbodi nents, the nolar
ratio of - 18 - lipid:tenozolom de is about 0.1:1 to about 1:100, about
0.05:1 to about. 1: 50, about 1:1 to ab%&lt 1: 20, about 2:1 to about 10:0.1,
about 0.5:1 to about 2:1, or about 171" [00107] Suitable ratios of

I i pi d: nel ph | bAASE ri

t hr oughout . aslluﬁgoelégﬁn%)Pgﬁ/én%h%ﬂég?h%ﬁ%qﬁ%%g%i)gﬁ rat ?tga{)‘% | p?ghpggfnpo al an
I s about 0. kxtipientsabeedted fibdd thalgomup Eonditidg tod @teoort nibrd Gptibdeoarialsl (elgt o
about 1:20, abqut 2;1 to about JI.O:O. 1, apout 0.5:1 to about 2:1, or. about
1: 1. [ 00108]38iRbOLHICH Bathlgeetizeyq M EHARIGHY REOMYPInh ANE QL o oke HESHEEX ed

for use in the MRhAMKHIGAIHJRESERER, 3 AGHGé, PR ndndk it ond Br fiepEP! ary
enbodi ments, the nolar ratio of lipid: atropin€, Irinotecan Or prenetrexed
i s about 0. Thuffetso (apouthosptbdd bufforsutsoiudb bordte sislhuh dhiside)alpoetorl mbre o
about 1:20, about 2:1 to abo :0.1, about 0.5:1.to0 about, 2:1, .or about
o | Gor 00 RRASpu (Y SrFHEE 45080 F gibvs Hotehh Pzt dings By ety i
the range ofpcehgiuin 2lMntate)afiidts ég.%(gcr@@%yue;s@&ée,t SRR anBOg. 2leMinud® % to

about 60% or about 20%to about 55% encapsulated TMZ. This 1s a
surprising drydiarédg ebrmidumehgsphats). Aldditionplagxsipienty gemdirknesmhisdhe gt and
encapsul atin i the liposones. 0 n ation efficiency for the
mel phal an |i%8§%/%n%as‘m?/s“sesduﬁntt§%§§?g§ne ?f{ﬁfe?eefr;eg‘]’gnguﬁgggﬁ%ut 20% t 0 about 100%

about 7009209 abouils80%rovddaut a0 PhaiBacdhatdl &¥positioadodbmaAdng 0 aabitst 40%
encapsul ated nel phal an. This is a surprising an unexpected result of the

_ethanol i nj digepdniaraeied sationie lipaveass e0TRPIER FOMPFIBIRE| Safatioict RospMsoa digard

[00111] Enc ul_at. . ; | oY) r .

pr emet rexeda(Pi%ﬁgg%tﬁe} cﬁtslﬁ%%lﬁgﬁ%y&?iﬁm%ﬁ@ ?%%’82‘{%?“ ggg\{lj?’o%g&/? ?Sg’a trc? %neloo%

about 20% t driabecin E@¥emethxad wheretn the lighalis dG68y cmpddedias@@at¢dowalndut 40%

encapsul at ed atyopi rﬁ: i rinotecan or. pr .matreXﬁd. This |s.a surﬁ{i Si n&; an
Y Crgan

unexpect ed r98 ghemigpily sparugatedhip fhe Gafigic figpsama. HB duihsr cohedigisaticriga
atropine, ird;RohbeCcainitalR’ SHBLEAEE 0! thel REHSIiPOBYBRe. The pharmaceutical

compositions also suitably comprise a second ligand-targeted cationic liposome
complex comprising a cationic liposome, a ligand (e.g., protein/peptide, antibody or |
antibody fragment), and one or more nucleic acid molecules (including plasmid DNA,
siRNA or antisense nucleic acids), wherein the ligand is directly complexed/associated
with, but not chemically conjugated to the cationic liposome. (See US Patent No.
7,780,822 and US Published Patent Application No. 2007/0065449, the disclosures of
which are incorporated by reference hefein in their entireties). In further embodiments,
the compositions can also comprise a ligand-targeted cationic liposome complex
comprising a ligand (e.g., protein/peptide, antibody or antibody fragment), and one or
more small molecules (see U.S. Published Patent Application No. 2007/0231378, the
disclosure of which is incorporated by reference herein in its entirety) or one or more
imaging agents (see U.S. Published Patent Application No. 2007/0134154, the
disclosure of which is incorporated by reference herein in its entirety), wherein the
ligand is directly complexed/associated with, but not chemically conjugated to the
cationic liposome. In further embodiments, the ligand can be chemically conjugated to
the cationic liposome in such compositions.

[00121] Also provided are pharmaceutical compositions comprising a first

ligand-targeted cationic liposome complex comprising a cationic liposome, a ligand



- adm ni strati

[00112] In additional enbodinents, the |iposones can al so conpri se endosonal
di srupting peptides, such as the K[K(H) KK K]5-K(H) KKE (HOKC) (HK) (SEQ ID
NO 1) peptide manufactured by Sigma- Genosys (The Wodl ands, TX),
associated with the |iposones. The eng somal disrupting peptide HoKC may
hel p the rel ease of TMZ, nel phal an, atfopi ne, penetrexed or irinot ecan in

the cytopla of. s, ;

al so conpri Z(g] gwgéét%@}gﬁg{iégn {r}g‘f@&%@?gg@?ﬁg%ﬂ aﬁﬁﬁ%%z%%%ﬁ%rel 02\) HoKC
pepti de (K[ Kfihtstas] dr-phrhfticiK€ wharrein ths ligartdas rhraaly @mmleiede,ssdv%maﬁ bius

i ncluded to aIIowc ju ation of the peptide tq the |iposone. T e . Li p- HOKC
li posones wetot Cfﬂﬁ"é‘ﬁ %J}ﬁ F‘FQWH@%H?J‘SFBR@S%&‘%% SF‘&/@&H“GP el‘ﬁ@‘[?d
cationic i Q%ﬁogesc}feﬁ{léaqyngoﬁjhgat@ailtsl fed @afiiri?! Plifdsbie MPBIhA flalnhiRcitfdal | de.
An aliquot of O the peptide with a free thiol group on cysteine

was added tcnompmm@falslg puIMBBf icompdiserM ISEfEE, ligandrtargeteslokatianan lmesomet at ed
at roomtenpera ure

prepared i n REBPH %“wl% A %ﬁ@lﬁ?‘@gme i hk,%ahgo(lw](’pgat%w@%ﬁaonal 8§y | exes

phar macol ogifabbdy & n%ﬂ@ﬁtptah@ oh®bFMbAS hiRikid ¢id nbladuled (aféMdm%sﬂaahidquAThe
conpl exes can be co wi th a pharnmacol ogi cal | ﬁ conpati bl e vehicle or

carrier. ThesiRUAposprtissase augicisectds).nenicaplemors gmall vaplspdes.f @y onen oy MEPous
adm ni strati.gn t o t i.,ted by
i ot a1 0ReR ReBPTIB il e SHARR S RUC R B8, b Blackifilh JRAShHES g

in the conplmxieidhad @wmiu&»sgaﬁnﬂ[ ﬁldseca&@ (&lﬂﬂ’fa@ﬁfgl dlefis oS- ﬁe@altatets,haydlﬁree
di stributed throughout the body faollowi ng j.v. adm nistration.
Al ternati vel%f(’ﬂ%el*i‘éﬂséé‘ﬁﬁ}t%%(@§ cHget b MM T \?ép"eﬂaf\?F%lc%lt her routes of
adm ni r I ) ual
(SL), :1[2?1?56\ pygﬂgﬁg%eégmtﬁdd%%&? rﬁéetgél%s%fo%%agﬁ to ?Qe'églrlﬂ% pantg llrltaaﬁle@tta}llgérag(l M,
i ntrader mal S{dlﬁbly, suthmahedsaompi®y administeaingto apatmlta(drgé)ted tatmndgrorahe ( TD) ,
intranasal (IN), intraceyeperal (lQ,,intraor rahepatic), slow
rel ease i npl QHIPlERES éiﬁﬁefwﬁﬁ%ws Sl Berann fres %Fe Sieaarg e el B

usi ng an osrmgﬁ]gdso([esmaafﬁfoggﬁo@urrp Preparation of fornulations for
delivery via such nethods, and delivery using such nethods, are well known
in the [@0123]] 001114]eiitb®dumrm ﬁ)easethads dfereapmemnmzlerjnsemdntlans@engd;cea patieppe

t hrough the ch0|e%e and .ratjo of llbeﬁl ds, t| 0 of LFI

pr ot ei n/ pept PESEIARPEYId5OT RGP *H‘ycthoﬁﬁ g Sopp 538&? g’ﬁ}n‘g PTG of
ligand and ljiRRsaeEe t @onipléx rreb&hgﬁ , ahr optciednid I'i NPBREMAB O cPmpABhg exed
and the choice of | i gand. [00115] The conpl exes made in accordance wi.th the
met hods of th2dlidl tirigretiydampeniynovi ded prepemee f or m GPOKAPS f or u@édl n

t he delivery pha r i ri o

Sui t abl e ki tls’Qca(;rl%-e(%yl Snrgll%cero r?hosé)%lggtg?noqmglﬁﬁet(ﬁgtpﬁcon 5?1%3%;13 nﬁé arget ed

TMZ, nel phal @, ladah@Rbnelexktd ivita] RE X0t SHenfitAlyRdonfrpattdaatth@Bitionid RS oiie.
conpl exesésw tably dried, |yophilized powders). and a suitable buffer. The

conponelifi24an b&%@@%bﬁﬁd@fo%b@ﬂtt Ithe é‘@ﬁ%ﬂ fi$ sHigably ‘tnhém&ﬁﬁyoﬂfll ORY der
d ad t t |1
fFom apout - Jodifert B8 ekt Bhe's il ERFLPIURLDEY KR, | I BenBERGTR 1Y

sui t ably pr egalseiimertts sthersuﬂge whiiarEv atitiod)y eftdgnoamt mlam mgtworatnbfeaprplrmptoat e

buffers, osmplarity co ol _agents, etc. The conplete conplex is suitably
formul at ed asgngeaﬁ%ﬁ 3@5&?@% yophi |l i zed) (see, e.g., U.S. Published

Patent |gp12§ - $sb§)ﬁ§wd)éa JEh et RQBf QQQ%g%gganBPﬁbsghﬁe BQﬁHﬁl fe Bfe. Wah&}at S

i ncorporated by reference herein in its éntire 16] e cationic

| i posone conplisonésg)ah a4 haigot, e®erprisingvaiminstersgi tloatlbb;patlmtper taggetedh atropine
cationic Hposome complex, wherein the targeted atropine cationic liposome complex
comprises cationic liposome comprising 1,2-dioleoyl-3-trimethylammonium propane
(DOTAP) and 1,2-dioleoyl-sn-glycero-3-phosphoethanolamine (DOPE), atropine and a

ligand directly complexed with, but not -chemically conjugated to, the cationic

liposome. Exemplary ligands are described herein.



anti-transferrin receptor single chain antibody nolecule (TfRscFv) on their
surface. It has been determ ned that this targeting nol ecul e enhances
delivery across the blood-brain barrier and targeted delivery to brain
cancer cells. The targeted Iiposorres_%gr_l al so be used to treat other
cancers in the body and to deliver other drugs. [00117] Also provided are
cationi §pOSO > I : } . i-ped
b ougHo T oy - Seians (e EmdLERACE fF ;%?%9%%#%%%“@%@%@?&%%? ody-
or anti body desaihrd iicrdimatge tiest)ofahbutohing/mi poshane 10ahmigan e snarespitabdy atga a

tionic Ii . a ligand,(e.q.. .proteinl peptid ti b tj bod
ragnent) | aRee Thaou b B2t g B MemD R b ma i hbrdog e 2i n
the 1igand iogh @RI &PIBRIEIEIHASHOHBLESD mjg%h%d tJ)é[t%ou'f‘QS(]) ﬁr@ﬂ?rc@bhwo

conjugated to the cationic IlJoosorre, are provi ded. 9118 The Z,
mel phal an, atg/opitmahout 25Gmganznr dhoups@metm e rbehit 68mgim’ eboaliunhgimédabeiut hi n

the cationig,ipeso lq€:, 10 1 h drophi | jc ueous interiar_of ot he
| i posones), %é)olﬁgg? n%ﬁoéﬁ gtohﬁnﬁ/né’ﬁ%a‘ﬁo@e@rl%ﬁn Cﬁg?l}lt ﬁg}g?lé}rﬂn OPQ?LﬁeIZ@aT 8}?? C
|i posone, asbegt Ei(ﬁﬂhﬁmﬁ"t, Ab&wt 140N8E/mTT abuiit 850 REHaxsiut 960 tkemé adboanil 70
| i posorme (e.g., ,the head-graup region), or any conbipation thereqf.

Suitably, tHBg/Eatahent £80 ma@oakant §90 medni pbewiR00 me/mntabent 2i0ang/m | shewt | ar
> o ol ek o b eh
conortse. sevad D ARLE 230 HEAE kool PRI Inoi TR0 [, BTOTRAmE

cationic |i pGeOIED mf/ni’hsbout 28EHi/mT) uBaiti200 ne@ipPy dra®o@B00Rhm’0r agqueous
vol unme in which TMZ, nel phal an, atropine, irinotecan or prenetrexed can be
encapsUP&d. Theyritablothe angphalen & agmighdersd itaylt Poifinéhubzdng teyBetods bon
chai n regi oyeblritfed hefeiParladBbofbBh HEHTB aBbuts08 rid/R ddreistheathl 42 dOE-

mel phal an, atropine, 1rinotecan or prenetrexed can be contalned, In

addi ti on, TME,aboetl bhamhto @touopdheg/mt,ionabewtainme’mproeabeut 5& eg/m3mbbet 1
conpl exed or associated, wth gither, or poth t i nher nonol ayer ,and/ or
Che out er mIRGTEgErAOBH IS baeS Fm hadqit 20 mPfRe HaBRuGH StEr g i on
of the i pidghyt i@ﬁg&hz,f&rabsﬁw%gﬁh}aﬁmi %g/ﬁ?,' Aol @r}n%//ﬂ-fz,r HHRD: mg/m?,

irinotecan or prenet rzexed can b(za encapsul a ed/ associ ate conpl ezxed in"any
or all of tebsetymginvhsbat 6miEmdabbarii mginpabe fmgmipbentdsmegint ftwupi@sent

i nvention. [001%9].In rt hes enbod| nents, r,maceut ical .conposi ti o
conpri si ng TRETT 1 gha | BeEt aoRatd B P BYaBEED n it 43 RS g Ts
t hroughout ahgmir 0@ mg/M>, abodtl1 7 meiht,abbe BHASEMERIS 19t@m®, about 20
pharmaceuti cal gonpositions further cogprise one gr nore excipients

sel ect ed fr ong/nheabpubZbhmeoms peavt 3¢ mgmorabowr23rpe/a ashoubibmefma psatout 35 |
anphot eri ci nmg ochl oretracycl i ne, gentam cin, neomycin), one or nore
preservatives®(e.g., benzethoniumchloride, EDTA fornaldehyde,

2- phengeyezd)anol )Suiabl the atidpife, ithbtecs dreprometrededspbarhinidiertd e the padetitsim
borate, sodiumchloride), one or nore surfactants (polysorbate 20, 80), one
or nore protWiligngthemettipds descabegd hergipgtglose af gbeuid ang/poteakaul A9Y) Beakat e)
sugars e.g. r r j al um oxl de,

a1 o num phbaatage Rt Apout IR AR 46) et Ch MM HERET G
can be readidbputdEimizim? Asoup BAaid/@e toibouhB0pmeseT) tbounienmgm’ t¢ Agb2AFN so

provi ded are armaceuti cal cagnpositjons eonprising, a fjrst |igand-targeted
cationic |i p‘Bg)qB?re € ét t Iﬁgﬁb%‘lﬁébé‘%’é‘t’i%ﬁ%% F’%GEZO out 80 mgghgahaut g
protein/ pePtQ(ﬂﬁtg/xﬁ‘@fabmdMO%”%/ﬂ{?E LAY 15 HAGHR Mbout ?Mmp{?{ ABLPTR AB/m>,

atropine, irinotecan or_prenetrexed wherein the I2| gan s di rgctly
conpl exed/ aszoui kg, kbotut50noe/ne’h ehdwal60yme/on} ekt dd0 ug/tficatwat il 8 c

Lo the cat| gnEEY) e SARRE S din Ahl e ZaRPu AR gt Lo BT IR,
conprise a SeRaAgm? SRR 240 MERHEhLEAT 2 e/ BSLTB0 SRR &boROITY hEinfy a

cationic |liposone, a ligand (e.g., protein/peptide, antibody or antibody
fragnent), aabubiRd) me/mipeouhd@0 aigonaer dbers388m&Em (i ncl udi ng pl asmi d DNA,

si RNA i sen nucl ei c_aci ds) ein ligand i il YA

conpl e%gﬁ%soci Z@egm\%o& e Sﬂtt%ﬁo?tro “g%ri 1(S:a?41§ﬁ(1:46érﬂg%gt§t é}%’ tél{l?lﬁge %léltt?bé iC

| i posone. (SagabsdidairBhutiiing the/B6th8d2 desatib&dShéreinl 4t ahi@e Batssut 0AIphiaat i on
No. 2007/0065449, the disclosures of which are incorporated by reference
herein in tHdiopt i mganpresyitably ata daseef akaws 8dime i Bbout Hme g1t} Bgdocan
al so conprise a ligand-targeted cationic |iposone conplex conprising a
ligand (e.g., protein/peptide, antibody or antibody fragnent), and one or
nore small nol ecules (see U S. Published Patent Application No.

2007/ 0231378, the disclosure of which is incorporated by reference herein
inits entirety) or one or nore inmaging agents (see U. S. Published Patent
Application No. 2007/0134154, the disclosure of which is incorporated by

Y - e -



- 22 - (e.g., protein/peptide, antibody or antibody fragnent), and TM,
nel phal an, atropine, irinotecan or prenetrexed wherein the ligand is
directly conpl exed/ associ ated with, but not chemi cally conjugated to the
cationic liposone. In further enbodingnts, the ligand can be chem cally
conjugated to the cationic |liposone. ~ ﬁe pharmaceutical conpositions also
suitably co S a t S

corpri si ng ABRUERfes AERES sk (PG} 30945 SPali R Bpode2BIRET BRI 10 oo

or anti body abbatglrmﬂg)aboammgm@amfut mﬁg ohsisdue il Gng) @beut120h £ GLLEIS3 g uboutd ng
plasm d DNA, siRNA or antisense nucleic acids), one or nore snall

mol ecul es, dRe-Ghevio} m@patout Rk ﬁamag?etﬁgsal{quh%%?h@téuﬁéra&gph%h@ﬁeeh%ﬁ| ron
oxi de, or 981(1%% nawg &ttlbqngmlégib?ﬂ 4 A thdtPh Sy, %ﬁoutsl%%g dRLeey! es,

or imaging agents ates t otherwi$e negates the ef f ect
of MGMI in trhg abamcmmg,ed‘dout [‘Dﬁthﬁ]aboutherer enbodi nents, nethods of

treati cer | at i re pr V|ded uitaply, .su t hods conpri se
i JORERRGST o' 4 oo Rerefiy OBt E s M0 5 Sl Baﬁf}wetﬁe Fationi
descri bed haRkéne:RmdARINYIdE r‘rifx‘elg E‘a>&%§1n%r %n@fe%ﬂﬁéﬁ&eﬁ%&@iéﬂl‘ R ulLinithe

met hods descri bed throughout 0123] | nbodi nents,” the net hods of

t r eat ment comptho@edcamhqdﬂmm usn@ouboé lgatabemttS & Mareg@uteblyt broxdimontidet or
nIC osoma cO i,n th tioni

| phal
F?pgsgnggongwé CIBnB'ﬁ %tgogé%tl}pgﬁrg?'f%%%ﬁ)rgﬁgﬁpm &hﬁ%n atropme irinotecan or

1, 2-diol eoylprén&&éx@atlbﬁb@mnn umdbbﬂﬂoameo(MAB)osand) about 1:50, about 1:1 to
1, 2-di ol eoyl sn- g*lzélcero- 3- phosphoet hanol a t enozol oni de or

nel phal an, ~ #8autal:20,ghAwt % bihakore 40:Ril Hb0%9t5 htﬁat@ﬁé%nlc%ﬂ gbputbhj ugat ed to,

t he cat i PO [ t e |

e abl[gﬁ’i;nﬁan ] bo%r(gelght rgﬁél%ﬁil%é%%fﬁ’p‘?é ul !hQ%gtrl&{a}lé Hﬁ&{&%‘é for {ls tiaegﬁgﬁlgdgl ngl e
chain Fv antdeb@dzedf}re&gmmuably z&»oenploarlyto@rﬁaﬁdo lselntsaltablbl,ethmwnjglﬁ rafi@on Fv
anti body fr gnen n anti-transferrin re l!e;l)tor single chain Fv

(Tf RscFv). w&é@pﬂ: g f‘p?aéwmétpoaqmﬁ@tabewso Tte abaut Ag: brjardbhbiprhous
poi soni ng (' 21, or"aﬁ%ﬁfeo 923 PChS ra!ag d&wﬁhmachés%%%ﬁegom's' ng

admmstenngtot atient at atropine cationic |iposome conpl ex,
wher ei {00182}t ar gcﬁwﬂbhtmﬂbodseofmltmmstrmdn lpO]SIdﬂ;ﬂJllt anpic tintaadpd] mesvaaus oni ¢

| i posone co risin d 3-tri Ia ni um ane and
oS o coy B Spfhugiora Sk el tio Rl A L eraay onl SR Paohie | gand
directl y COffE}!n%AquInM{iscutb&'t (INO! sebEiBuaR JSE) Cﬁfﬂﬂaﬂ%{a?d(sb? iftR8caat I

| i posonme. Exenpl ary |igands are described herein [ 00126] Su@abl y
t he tenpzol dnirgeritenead hitsinedanial IR h éntparasad (1Y), intidceebergl (108, imbradngadis

(e.g. intrahepatic), slow release implant, or subcutaneous administration, or via
administration using an osmotic or mechanical pump. They can be administered as a
bolus or as an infusion. In additional embodiments, the ligand can be chemically
conjugated to the cationic liposome using the various methods described herein or
otherwise known in the art.

[00133] Exemplary cancers that can be treated using the methods described herein
include, but are not limited to, cancers of the head and neck, breast, prostate, pancreatic,
brain, including glioblastoma and astrocytoma, neuroendocrine, cervical, lung, liver,
liposarcoma, rhabdomyosarcoma, choriocarcinoma, melanoma, retinoblastoma,
ovarian, urogenital, gastric, colorectal cancers, multiple myeloma and cancers of the
blood.

[00134] As described herein, it has been surprisingly found that the targeted cationic
liposomes prepared by the disclosed methods are able to cross the blood-brain barrier.

Generally, this barrier is a significant hindrance to treatments designed to treat cancers



described herein at a dose of about 1 ng/nR to about 1000 ny/nR, nore
suitably at a dose of about 10 ng/nR to about 500 ny/n2, or about 50 ng/n
to about 400 ng/nR, about 80 ng/n2 to about 300 ny/nR, about 50 ng/n2 to
about 250 ny/nR, about 50 ng/n2 to abggt 250 ng/ n2, or about 50 ny/ne,
about 60 ng/nR2, about 70 ngy/n2, abouf “80 ny/ n2, about 90 ng/n2, about 100

ng/ n2, about : 0 1. 4 s Aol -/ n2,
about 150 ngaflﬁéo?h%%%sefg% ér%fl 1}1%95 gg(t)}agtzbrfg‘g&un%t}] én%&e%% dfglgg ér;&g}%al about
190 ng/ n2, abegstoZbram/ Mhus,dbemboditEntsytheinethdilbules@ibed mpherin aadasetul 280

nmg/ n2, about 240 nglnR, about 250 ng/nR, . about 260 ng/nR, about 270.ny/ nL,
about 280 nghwccs%ﬂft@%ewf ﬁ@}n S‘FHCSEOHFP‘@W éww; an’%oaezl?ljaﬁ fufelivsty the
mel phal an i g3,ReidcRls3 W B1Hod BrdidBarRgt i ents utilizing the methods described
herein at a dose of about 1 ng/nR to about 500 ng/nR2, nore suitably at a

dose of[0adlit 1 rig/am@theo eaibodimebd Ghargrettvds alesatbed theteimpamlsoobeabsadt asc®
ng/ n2, about, 1 / t o about .30 /2, about 5 ng/n2 to about 20 ng/nR, or
about 6 ng/ rﬁea{”ggﬁg&ﬂrgi@p AR ROTSOIMSut 1 my/ N2, about 2 my/n2, about 3

ng/ 2, [poed 4 "UABescAba herein B l'i%’be%l?(%\rhtprﬁid%w fhndahsUhe fa datighout 8
ng/ n2, about 9 ng/nk, about 10 ny/nR, about 1 /2, about I2 ng/n2, about

13 ng/ nR2, abingsomas prgpaRd ba/btbetdi@ss?@/rwl}ocbbamtaggastomfﬁﬁiz,nﬂw@hverlmongh ne,

ane, about. D9,y Bbec Rt S (Bae ARRTFsuBBRY) wbhefBily 300 )

t he atropi neverdohldQh€i€ ihefeht fsBALE, etech inSy Bel GhdoSdclivaed MGMITe raakting i S
utilizing the nethods described herein at a dose of about 1 ng/nR2 to about
11000 ny/ ne, thesedumoy ¢cdlsnowaespeondwedo dMahout 10 ng/ n2 to about 500 ng/ n2,

or abo ng/ n@ - : 0P,
about 08P e s SeSHpLL bR, TR ol s R 8 B8 el Sality”
about 70 ny/ligdsomboprep86d hythtischized incffbdspradhle whadiced @611 dedthPapophsis) 110
ng/ n2, about, 120 ng/ nP, about,k 130 ng/ R, abgut 14 [ 2, . about 150 py/ n2,
about 160 ndpmog%‘ég%h%?ﬁ rrgispt togthgﬁh&%Gg?ﬁj? P&?N%%{}Eln%e }i}’é‘,‘” out
200 ng/ n2, qg%g{ed%;@oﬂghﬁgsonpggput 220 ng/ n2, about 230 ng/nR, about 240
ng/ n2, about 0 ng/nk, about 260 ng/nR, about 270 ng/nR, about 280 ny/nZ,

about 4001384/ P, As dedstibed BE®inyy had. beed Gagsisinglye fvodi theirthe targtied aatiapc ne i s

adm nistered.to the patients ui t ab i.ntranmuscul arl utiljzing the

met hods desdinonutenaiEREe by e 5SSt heliBit 36 BIE it edtionptosson s cehor o

suitably at gefleas @S5ghowel 8s diffdBertiatedRater 88l1sMHon-0SCY RPKnoks MEspRtive 24 -

about 40 ng, about 1 ng to about 30 Q&J,Babout 1 ng to about 20 ng, about 1
W

my to about cfheigrespansato PMagadnpingstag hewy thetargetesh qationigdipostyaest 2 nyg,

about about , 4 . ut. 5. about 6 . bo bout ,
about JOTBI oS AR oAk s 200 imts By BN fnaf vl 2 Uaptlal:
nmg, about 15ndikedaiBpitic dbpdted catieiié libbsdiles plephiled 18 M didblesdd ARtHuds Gk
about 20 ng. [00130] As described herein, in enbodinments, the nolar ratio of
li pid in therreparfiopally grepies shreancensiem| eptisd&SGlehahin didfereatiatedigamcer cells

i rinotecan q&og_@@g lfor use in the nethods described herein is about
0.1:1 to about 5:1. re suitably, the nolar ratio of lipid in the cationic
| i poson0140jozol o describee] Heheih Anhasdeenpirpesingly fngidaha treaingnt efinogxeidhi S
about 0.1:1 to about 1:100, about 0.05:1 to_abgut 1:50, about 1:1 to about
1: 20, about t&? iargste%au?midlspesqer}esaw&a%re% by tbetdasc;%sﬁtmemqs Rt oy dduge 1

[00131] The Mﬁﬂogg{o&tﬁtiﬁlﬁbf%n,' AN rbdu® il thitof RBr&&bh QR that ilﬁ??é%ﬁ@ns%%n use
in the nethods déscribed herein is suitably about 0.01:1 to about 0.5:1.
Sui tably, tHe mengiedrextn ofterfthé irgetment hasieddédr t he cationic |iposone is

T TR TIRCENEC ik B T T S
adm ni st rat i Rfih tRGhERd cAdni@liSosBRies picPhle8 Byt dibdbded HEMMUE not only induce
tumor growth inhibition, but also result in tumor regression and that this response can
be maintained even after the treatment has ended.
[00142] In suitable embodiments, the methods further comprise administering an

additional therapy to the patient in combination with the targeted temozolomide



(1V), intratunmoral (IT), intralesional (IL), aerosal, percutaneous, oral,

endoscopic, topical, intranuscular (IM, sublingual (SL), intradermal (ID),
intraocular (JO, intraperitoneal (I1P), transdermal (TD), intranasal (IN),
intracereberal (1C), intraorgan (e.g. %ntrahepatic), sl ow rel ease inpl ant,

or subcutaneous adninistration, or vi& adm nistration using an osnotic or

i 1 onal Cene o keRer BT EERRIEE @RafeRdit) B Aol MNED 11

cationi c | i pdsometratiinngf the@nothedapeigicnegdngdsmale soslehide] fadiagion thérapy herav se

known in the art. [.00133] Exenpl ary cancers that can be treated using the
met hods desd‘r“Fl’iéCdaﬂg‘g’é?qﬁi ﬁEE@Pﬁde‘E,x arar%ewa&erqw%ag%él imieeff eigkely he

head and neGkiioRh&8RE, doRbABIcH Shd RANGIBRE! ‘Fixgﬁxg{’dr? smhfl phiebul i8ELeDAst o

and astrocytonma, neuroendocrine, cTervical, 1ver, |1 posarconma,
r habdonyosarateonet binded doar dimaonik, mesylateo (@ LEEMBECGTY)| &slbonih, hpdchlande

'he bl ood, ' (GTsAT R estr FEb BRI T R BTty ERFRuRRInEERERRD. Dy
the tar get ethAiI @ fuddiBQRRIRS] RSBRIRSaEs (1R ise haned sirhags sohd, abl o

to cross the blood-brain barrier. Generally, this barrier i's a significant
hi ndr ance t antipenge pbgenickietideprediRNA) mehudedhersalisslosed asU.S. Fnblighed dlatent

roaets TheKBIdbeRR Aordshihin (s BEFT NG EATRE BB B0ES dralrl
are useful idf WRRKS bfCafdiprattd aAt FefRtenod H¥kélh NinC ARGEehtiretiBs | UDH REit4Plé ONBS,

and in general to deliver drugs_ across the blood-brain barrier [00135]1In
anot her ~ enbs@tedinenthdheapelsigsacifbbaser Kherapy cemprises pdministrafion gleg) caionic

t t t f .NO| i j it h
been sur pr i SneSrHEPARRERERAbAFREPRARIONA BthdRe A% PSS hE B | hoe
t he di scl oserfRefih@ds-paB g asbitseribad @f .ScPaaiitl Yo.deTd80E82. enough TMZ to target

tunor c that are resisftant t tandard ynencapsul ated TMZ to overcone

their i[ﬁ*@\iﬂ%ént r efg]isgtpé%@?‘{ m-@ﬁ&ﬂaﬁ/ “ﬁ@l%él{{rﬁma@t“ﬁfa&%l PRESAF, BRI P& ng i n
t hese tunor ] i b -herel it has

: anﬁil*u%tePg%’r% W?ﬂg cﬁtﬁbn]-évg'g Jog{%lgbﬁnﬁéx de3&dcHB&H eI iPAtent :

. [§]
been surprisingly e targeted cationic
No. 7,780,882. Suitably, the complex comprises a cationic liposome comprising

1,2-dioleoyl-3-trimethylammonium propane (DOTAP) and
1,2-dioleoyl-sn-glycero-3-phosphoethanolamine (DOPE), a plasmid DNA expressing
wild-type p5S3 and an anti-transferrin receptor single chain Fv (TfRscFv) directly
complexed with, but not chemically conjugated to, the cationic liposome. The methods
further comprise administering temozolomide, suitably at the same time or after
administration of the cationic liposome complex.

[00144] It will be readily apparent to one of ordinary skill in the relevant arts that other
suitable modifications and adaptations to the methods and applications described herein
may be made without departing from the scope of the invention or any embodiment
thereof. Having now described the present invention in detail, the same will be more
clearly understood by reference to the following examples, which are included herewith

for purposes of illustration only and are not intended to be limiting of the invention.



| i posonmes prepared by the disclosed nethods are able to i nduced cell death
(apoptosis) in tunor cells that are resistant to the killing effects of TMZ
adm ni stered without the targeted cationic |iposones. [00138] As descri bed
herein, it has been surprisingly foung that the targeted cationic |iposones
prepared by the disclosed nethods aré Abl e to induced apoptosis in cancer
stemcells (CSC) as well as differentiated cancer cells (non-CSC) in tunors
irrespective of their response to TMZ adm nistered without the targeted
cationic |iposones. [00139] As described herein, it has been surprisingly
found that the | evel of apoptosis induced by the targeted cationic

| i posones prepared by the disclosed net oqs is proportionally greater in
cancer stemcells (CSC) than in di FéP¥A¢filat ed cancer cells (non-CSC) in
tunors. [00140] As described herein, it has been surprisingly found that
treatment of tunors with the targeted cationic |iposones prepared by the

di scl osed net hods not only induce tunor growh inhibition, but also result
in tunor regr dg€paratigiyot hationse Llp@mﬁggmannsmgﬁpmm@@en after the
treatment has ended. [00141] As described herein, it has been surprisingly
found that ty -ggnt of tunor cells with the targeted cationic |iposones
prepared by the disclosed nethods not only induce tunor growth inhibition,
but al 460145 ul t IDOTARL,2rdigiceyls3-aimethglatnadnitrh ipsopraas phhsrlecalt) be

mai nt ai ned even after the treatnment h ended. 10014211 n suitab

embodi nents, the nethdégmpﬁﬂgﬁgﬂgﬁﬂﬁbgig%bﬁﬂﬁih?sggr#%ﬁBQQE@Rﬁﬁﬁg%ﬁal
therapy to the patientcdfiestPiRnN3biRYmM dhadodSolbA@spet ed tennzol om de - 26
- cationic |liposone conplex. Exenplary therapies that can be utilized

i ncl ude, admi ni strat i ddilweé lipldgn@0hgymbeith absodufe athanalribefdre wed ecul e,
radi ati era l.ei ¢ aci.d- based ther ., Exenpl ar
chehnt“ﬁ&kﬁﬁuti2%§QEE?§Q$ @Fﬁ@?né%85¥%§éﬂPQQFFggéﬂFWBH£P doiorubicin and

gencti t abi ne. Exenpl ar Yosamkd fioR £CatEPolhNGlplddEincPOLt. ABSOTISE, MWi4awd4t O,
imatinib nmesylate (GLEEVECTn), Erlotinib hydrochl oride (TARCEVATN),

Sunitinib Ml ate (SULIQuRentsWPEN?F Mg/ eidetisurol solntion. (| RESSAT) . Exenpl ary
nucl ei ¢ aci d-aci d baseq.t.herapi i.nel udi t.unpr ressor genes,
anti sense oIigonucIeoﬁﬁlégﬁgwigi ‘“f%@ﬁ&ggﬂWﬁgg‘“@ﬁ%@FSEga in US

Publ i sljeo147at ent Ppidzotdiide (TNZ, MO0 160067499 dand U. S. Patent No.
7,780,882, the disclosures of each of which are incorporated by reference
herein in their entirdPhtaiged fremsdigmaplat #3Sd7 mdAP &2 t he nucl ei ¢ aci d- based

bl asm 4 DA encoding RS Ly DUy bu? IHASCP! feslibPOSRERCARRD K <palBly *' 02
described in U S Pat eft418¥ang/ml 7800&8R of IDIZ4 38 Algaial pr BML Z8ch M o€ TIEZ hods
treat n[%Oia48t])r ain l('tirrz]if:peurre,ogndaotoegrg if?erét LA(iO rﬁ%;éesnit n\%ater (e.g. BioWhittaker, Cat.#
W50-500, endotoxin <0.005 EU/m])
[00149] Injector: Hamilton Gastight Syringe, 1ml (Hamilton #81230) with a 22 gauge

needle, part #81365)

Procedure: . .

[00150] 1) Fresh TMZ solution is prepared by dissolving TMZ in DMSO to the desired
concentration by vortexing at high speed for 5-10 mins (must be clear). The solution is
held at room temperature until used to mix with lipids.

[00151] 2) Place lipid solutions at 37° C for 10-15 min. The lipid solutions are then
placed in a 65° C water bath with occasional shaking for 5 min.

[00152] 3) To prépare the Lip-TMZ: Place a brown glass bottle with stir bar on a hot
plate set to 50°C to 60°C. While stirring at high speed without splashing, add the lipids



adm nistering to the patient a cationic |iposonme conplex as described in
U S. Patent No. 7,780,882. Suitably, the conplex conprises a cationic

| i posonme conprising 1, 2-di ol eoyl-3-trinmethyl amoni um propane (DOTAP) and

1, 2-di ol eoyl - sn-gl ycer o- 3- phosphoet ha?gl am ne (DOPE), a plasm d DNA
expressing wld-type p53 and an anti-tPansferrin receptor single chain Fv
(Tf RscFv) di ] ) ' he
cationic i pa([i)lggl{nl\g.z tq'ﬂ{eépdr?eﬁﬁ%ﬁé wu}rot“ﬁe o@g%ipfri Pgéﬂlgg%h%ﬁeg'?{eurt :dﬁ%} '? %nn%(ghoef%m de,
sui tably at rafies shdrendentretians a3 ieseribadlreinshi Bé pepared usihg theatine pratodal posone
conpl ex. 10014411t will be readily apparent to one of ordinary skill in the
rel evant ar tS8OWAXEIO¥ther suitabl e modifications and adaptations to the

met hods{oefsi(])appl R PP LAY RS RIS RYMREn TR dd)out departing
fromthe scope of  Thée Irnvention or any enbodi ment thereol. Having now
descri bed the present D@YARt i on 8§75 diet(af 2Q mighel) sdéh® pmiol | otbke75mge cl early

under stood by referen t he fql i ng. exanpl.es, .whi ch are_jincl uded
herew th for pur _posesclg?i)gl | ust r9§r%58l\rff (Bﬁ?(g%ﬁgb e HH’_[O(fiq{t Lﬁ?ﬂ%’a{gt o be
limting of the inventA@TMZ-HET solnE180RI f]19ﬂr1%ﬁ§/hﬂ}£(?0£9{ol,cat Lonic
Li posones Conprising Tenozol om de Materials: [00145] DOTA

(1, 2- dil80E} 1- 3- tGontmupytinlend minnafier ePdrase addedor i de salt) Obtained from
G ! NG9S,

Avant i Li pids,,. . ad 25 _Concentration: 25 nyg/nL
et hanollﬁﬂ)ﬁltion QLo (Lip T2y mfas e A2 1200 S ioF hanol before use

[ 00146] DOPE (1, 2- di ol go@iragn- gl ycmna- JopPemghnel Hmmabarrse) mght ai ned from
Avanti Polar Lipids, Inc. Cat. # 850725E, MN 744.04 Concentration: 25 ng/nL
ethanol sol ution. Di | UPPFipid t$7Z0Ngrfd0 Wem) bz bmal or & Famél before use

Add TMZ-HCI soln., 100 pl (of 19.41 mg/ml) = 10 umol,

[00156] Continuously stir for 3 min. after all 3 added

[00157] For 1:1 (Lip:TMZ) molar ratio (§ mM TMZ in formulation)
DOTAP 560 pl  (0of 25 mg/ml) =20 pmol or 14 mg
DOPE 600 pl (of 25 mg/ml) =20 pmol or 15 mg
Add TMZ soln., 277.36 ul (of 28 mg/ml) = 40 pmol,

[00158] Continuously stir for 3 min. after all 3 added .

[00159] For 2:1 (Lip:TMZ) molar ratio (2 mM TMZ in formulation)
DOTAP 350 ul  (of 20 mg/ml) = 10 pmol or 7 mg
DOPE 375 pl (of 20 mg/ml) = 10 urﬁol or 7.5 mg
Add TMZ-HCI soln., 100 pul (of 19.41 mg/ml) = 10 umol,

[00160] Continuously stir for 3 min. after all 3 added

[00161] 4) Warm 4 mL LAL water to 65° C in water bath in brown glass bottle with stir

bar. Immediately prior to addition of the Lipid-TMZ solution, move the bottle to a hot
plate (50° - 60° C). Stir water at high speed with no splashing for a few seconds to
remove bubbles from the stir bar.

[00162] 5) Keep the water on the hot plate. Continue stirring the water at high speed
(without splashing) during lipid addition. After mixing lipids and TMZ as above,
immediately and as rapidly as possible, using the Hamilton syringe for injection, inject
the mixture into the hot water on the hot plate (50° - 60° C) directly into the center of the
vortex. Continue stirring on high speed (withouf splashing) for 1 min after the addition

of the lipid mixture while loosely covered.



[00147] Tenpzol om de (TMZ, MW 194.15), powder Obtained from Sigma, Cat. #
T2577 - 100 ng Dissolve TMZ in pure DMSO to desired concentration. For
exanple, 19.415 ng/m = 100nmM of TMZ; 28 ng/m = 144.218nM of TMZ

[00148] U tra-pure, endotoxin free LAL geeagent Water (e.g. Biowittaker,

Cat . # Wh0-500, endotoxin <0.005 EU rrf)2 [00149] I njector: Ham Iton Gasti ght

Syring ( Ham, | 4 £ ed ] .
Proced (r)%iégﬂ 0015{)%) f‘%l 8%? g‘??ﬁ%‘@oﬁ J&ta}agoﬁ)%ll S gr g%g%esgllrgélatg?{s% 8?‘3?“%8%2h\s/ﬁr| n
DVBO t o t he sttsslyruadl the tesslyr@iveed sblyitivotddx dongn &t 202 FhC{poadichperdburd) m ns
(must be clear). The solution is held at roomtenperature until used to m X

with |ilBO¥4] [ 0018 Adiyst theaadume fy md gyityrogmdepergre LAL Watet 15 i n. The
lipid hons . [ {1‘1?{@ : ' i onal
shaki n36¢%6r5|]5 m ?)q:[l%%?%ﬁyé?&%gm% e%%r@g ut e %%l#@b ﬂgegge&gﬁ%?om gl ass
bottl e [001d6]st i r DaMeasurezpattidie pikatmel zed pétentEDE desir6DC. Wiil e stirring at
hi gh Sp[S(?ld67\iVl ' hmﬁesﬁl?sl, %%htlhre]ge’ pzrie%grattigg rlnleRllogsS demonstrate approximately at least
30-40% loading, suitably at least 50-55% loading, of TMZ and liposomes having a

particle size of about 20-60 nm and a Zeta Potential of about 30 to 50 mV.

Example 2
Preparation of scL.-TMZ Without Chemical Conjugation
(By Simple Mixing)

[00168] Using the TMZ-comprising cationic liposomes prepared according to the
procedure described in Example 1, thé ligand targeted TMZ cationic liposome complex
as described herein is prepared by simple mixing of the components and without
chemical conjugation. The preparation of the complexes was in accordance with the
following general procedure:

[00169] To the liposome-water (or buffer) the appropriate amount of targeting moiety is
added to give the desired ratio and mixed by gentle inversion 5-10 seconds. The
targeting moiety can be a ligand including but not limited to transferrin or folate, or
other proteins. It can also be an antibody or an antibody fragment that targets a cell
surface receptor including, but not limited to the transferrin or HER-2 receptor (e.g.,
T{RscFv). This mixture is kept at room temperatufe for 10-15 minutes (again inverted
gently for 5-10 seconds after approximately 5 minutes). To yield the desired final
volume the targeting moiety-Lip-TMZ admixture is mixed with any volume (including
none) of water (suitably deionized water) or a buffer of any pH including, but not
limited to, Tris buffers, HEPES buffers or Phosphate Buffered Saline, required to give a
desired volume and inverted gently for 5-10 seconds to mix. This mixture is kept at
room temperature for 10-15 minutes (again inverted gently for 5-10 seconds after

approximately 5 minutes).



- 28 - and TMZ to the bottle in the followi ng order.- 1t should be noted

t hat other conponent ratios and concentrations as descri bed herein can be
prepared using the sanme protocol as shown bel ow. [00153] For 0.5:1 (Lip: TMZ)
nolar ratio (2 MM TMZ in formul ation) DOTAP87 51A (of 20 ng/m) = 2.5
gmol or 1.75 o DOPE93. 75 ul (of 20 fgfi ) = 2.5 umol or 1.875 ny Add

3o PP L et lon ek o TRalte) assa%% i irabiogtdcify SRBLGUINZ S 1 T
in fornul at ltﬁ@ﬁnallaﬁiﬁ@%kwughe failfge39a‘r§@/t MM o 50WiMl pedveB; for gvibentel &4s 5 ul

(of 20 nmy/m 5 unol or Add TMZ-HC1 soln., 100 gl (of 19.41
my/mM) = 10 ble {oowrewEf @jmtlln{gkgﬂqnbguﬁ FOmgike of FM7 pesfinieetion. | For usddred

[00157] For 1v:zvo ((lextl%se gucrrrcl))seairé adé‘écf l%st( t% anylnal concentra%gn%lf aji)mﬂnl) 50% (V:V)
dextrose or sucrose, suitably 5% dextrose or 10% sucrose, and mixed by gentle
inversion for 5-10 seconds. This mixture is kept at room temperature for 10-15 minutes
(again inverted gently for 5-10 seconds after approximately 5 minutes).

[00171] A specific example at a suitable ratio of 1:30 (antibody fragment:liposome,
w:w) and 1:1 Liposome:TMZ (molar ratio) is as follows: For a final volume of
approximately 700 uL, at a TMZ concentration of 25mg/kg/injection, mix 319 uL of
Lip:TMZ (8 mM stock) with 305 pL of antibody fragment (at an anti-transferrin
receptor single chain antibody fragment [ TfRscFv] concentration of 0.2 mg/mL). Add 6
pL of water or buffer and, as the last step, 70 pL of 50% Dextrose or no water or buffer
and 140uL. of 50% sucrose.

[00172] A second specific example at a preferred ratio of 1:30 (antibody
fragment:liposome, w:w) and 1:1 Liposoine:TMZ (molar ratio) is as follows: For a
final volume of approximately 1.8 mL, at a TMZ concentration of 25mg/kg/injection,
mix 1276 uL of Lip:TMZ (2 mM stock) with 305 pL of antibody fragment (at an
anti-transferrin receptor single chain antibody fragment [TfRscFv] concentration of 0.2
mg/mL). 39 uL of water or buffer is added and 180 pL of 50% Dextrose is added as the
last step. o

[00173] Another specific example at a preferred ratio of 1:30 (antibody
fragment:liposome, w:w) and 1:1 Liposome:TMZ (molar ratio) is as follows: For a
final volume of approximately 400 pL, at a TMZ concentration of 5mg/kg/injection,
mix 280 pL of Lip:TMZ (2 mM stock) with 64 pL of antibody fragment (at an
anti-transferrin receptor single chain antibody fragment [TfRscFv] concentration of 0.2
mg/mL). 16.5 puL of water or buffer is added and 40 QL of 50% Dextrose is added as the
last step.

[00174] The size (number average) of the final complex prepared by the methods is
between about 10 to 800 nm, suitably about 20 to 400 nm, most suitably about 25 to 200
nm with a zeta potential of between about 1 and 100 mV, more suitably 10 to 60 mV

and most suitably 25 to S0mV as determined by dynamic light scattering using a



DOTAP560 ul (of 25 ng/m) =20 lim' or 14 ng DOPEGOO gl (of 25 ng/m) = 20
unol or 15 ng Add TMZ soln., 277.36 ill (of 28 nmg/m ) = 40 unol,

[ 00158] Conti nuously stir for 3 mn. after all 3 added [00159] For 2:1

(Lip: TMZ) nmolar ratio (2 mMTMZ in forpulation) DOTAP350 ul (of 20 nmg/m)
= 10 umol or 7 my DOPE375 1.11 (of 207 3/m) = 10 unol or 7.5 ng Add

TMZ- HC1 sol 1 ' stir
for 3 mn. 2}4 3 IV%I%O% tééée?(ﬁegr }?%8%%%]%&@%%%%&%{% %@9&2{1’%%&@1@&% %ﬁfln}]’)r wat er
bat h i n br owapilagsisedyot tross the bloodthrain barrier,| amdedichttked sunporicelis.t o addi ti on of
the Lipid-TMZ solution, nove the bottle to a hot plate (50 - 60 C. Stir
wat er at high speed with no splashing for a few seconds to renove bubbl es
fromthe stir bar. [00162]5) Keep ghkempdee on the hot plate. Continue
stirring the water at high speed (w thout splashing) during lipid addition.
After mxing lipids and TMZ as above, immediately and as rapidly as
possi bl e, using the Ham Iton syringe for inj ection, inject the mxture into

the hot water on the hoty, g,lrl?,ter ¢ H@éﬁd jchto the center of the
vortex. Continue stlrrl Lng shlng) for 1 mn after
the addition of thellp O\W%’ %@P%

[00175] Human glioblastoma multiforme (GBM) cell lines US7MG and T98G were

obtained from ATCC (Manassas, VA). U87 is derived from a grade IV glioblastoma,
and carries wtp53 (Van Meir EG, Kikuchi T, Tada M, Li H, Diserens A C, Wojcik B E,
Huang H J S, Friedmann T, Detribolet N and Cavenee W K (1994) Analysis of the P53
Gene and Its Expression in Human Glioblastoma Cells. Cancer Research 54: pp
649-652). A version of US87MG that stably expresses the luciferase gene has been

~obtained from Caliper Life Sciences for use in in vivo studies where tumor growth and
response will be monitored by the IVIS® Imaging System, Xenogen. The human GBM
cell line U251 was obtained from the Division of Cancer Treatment and Diagnosis
Tumor Repository, National Cancer Institute-Frederick (Frederick, MD). Cells were
:maintained at 37°C in a 5% CO, atmosphere in modified IMEM (Gibco, Grand Island,
NY; U87 and U87MG-luc2 cells), MEM (Mediatech Manassas, VA; T98G cells), or
RPMI 1640 medium (Gibco; U251 cells) supplemented with 10% heat-inactivated fetal
bovine serum (Omega Scientific, Tarzana, CA), 2 mmol/L L-glutamine (Mediatech,
Manassas, VA), and 50 pg/mL each of penicillin, streptomycin, and neomycin (PSN).
Cells were grown to 70-80% confluence before the next passage or further experiments
through trypsinization using TrypLE Express (Gibco). Sodium
3'-[1-(phenylamino-carbonyl)-3,  4-tetrazolium]-bis  (4-methoxy-6-nitro)benzene
sulfonate (XTT) was purchased from Polysciences (Warrington, PA).

[00176] The human multiple myeloma cell line KMS-11 was maintained at 37°C in a
5% CO, atmosphere in RPMI 1640 medium supplemented with 10% heat-inactivated
fetal bovine serum 2 mmol/L L-glutamine and 50 pg/mL each of penicillin,
streptomycin, and neomycin (PSN). Cells were grown to 70-80% confluence before the
next passage or further experiments. These cells grow in suspension and not as

monolayers.



- 29 - [00163]6) Mwve the glass bottle to a roomtenperature stir plate and
continue to stir slowy until the | oosely covered solution cools down to
20-25 C (room tenperature). [00164]7) Adjust the volunme to 5 mM with room
tenperature LAL water. [00165]8) Filtg the solution using a 0.22 pm pore
Mlex GV filter if desired. [00166]9) k/éasure particle size and zeta

pot enti desi : : t t
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TMZ- conpri s Imow&ma@ Baskd RASPHOER d4-EPRARRE /RGO Pﬁamceraléah ReRaBGL IV £p
described in Exanple 1, the ligand targeted TMZ cationic |iposonme conpl ex

as descri bed@3mh2i2829). Thisps 2pel edatilished ophatoprc rionge wbdel o€ GBAplomehlengbid
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Slice Culture and Glioma Xenografts. Cell Death & Disease 2). U8TMG cells
reproducibly develop tumors within 10 days when 5 x 10° cells are intracranially
injected in athymic nude mice. The mice succumb to tumor burden within 30-40 days.
T98G is also isolated from a human glioblastoma. However, this cell line is known to
be resistant to TMZ (Patil R, Portilla-Arias J, Ding H, Inoue S, Konda B, Hu J W,
Wawrowsky K A, Shin P K, Black K L, Holler E and Ljubimova J Y (2010)
Temozolomide Delivery to Tumor Cells by a Multifunctional Nano Vehicle Based on
Poly(Beta-L-Malic Acid). Pharmaceutical Research 27: pp 2317-2329) and carries a
mutant form of the p53 gene (Van Meir EG, Kikuchi T, Tada M, Li H, Diserens A C,
Wojcik B E, Huang H J S, Friedmann T, Detribolet N and Cavenee W K (1994)
Analysis of the P53 Gene and Its Expression in Human Glioblastoma Cells. Cancer
Research 54: pp 649-652). T98G xenograft tumors are induced via subcutaneous
inoculation of 5-10 x 10° cells in Matrigel™ (Torres S, Lorente M, Rodriguez-Fornes F,
Hernandez-Tiedra S, Salazar M, Garcia-Taboada E, Barcia J, Guzman M and Velasco
G .(2011) ‘A Combined Preclinical Therapy of Cannabinoids and Temozolomide
Against Glioma. Molecular Cancer Therapeutics 10: pp 90-103). Both cell lines have
elevated TfR expression (Sang H, Kelley P Y, Hatton J D and Shew J Y (1989)
Proto-Oncogene Abnormalities and Their Relationship to Tumorigenicity in Some
Human Glioblastomas. Joumal of Neurosurgery 71: pp 83- 90).
- [00178] Studies were- camed out to compare the efficacy of standard free
(unencapsulated) TMZ; and unliganded TMZ-containing liposomes (Lip-TMZ) The
Lip-TMZ was prepared as described above in Example 1 using a liposome
concentration of 2mM. The zeta potentials of the Lip-TMZ molecules ranged from
35.6-40.1mV. The TMZ concentration used was varied from 1 to about 250uM. The

ratios of Liposome to TMZ was 0.5:1, 1:1 or 2:1 (molar ratio).



added to give the desired ratio and m xed by gentle inversion 5-10 seconds.
The targeting noiety can be a ligand including but not limted to
transferrin or folate, or other proteins. It can also be an anti body or an
anti body fragnent that targets a cell surface receptor including, but not
limted to the transferrin or HER-2 réieptor (e.g., TfRscFv). This m xture
is kept oom t r r 0 S | pve rted for
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_ ~ brain tumor cells. In contrast when encapsulated in the Liposome at molar ratios of 1:1
or 2:1 (Lip:TMZ) using the method of this invention, TMZ concentrations of only 11.4

and 21.5 uM, respectively resulted in significant tumor cell death.

Example 4
Increased Effect of scL.-TMZ On Tumor Cells
Compared to Free (unencapsulated) TMZ



and nost suitably 25 to 50nmV as determ ned by dynamc |light scattering -
using a -31 - Malvern Zetasizer ZS. This size is small enough to
efficiently pass through the tunor capillary bed, or cross the blood brain
barrier, and reach the tunor cells. Eg rrple 3 1n Vitro Efficacy of Targeted
Cationi c Liposonmes Conprising Tenozol de [ 00175] Human gl i obl ast oma
multiforme (GBM cell lines UB7Ms and T98G were obtai ned from ATCC
(Manassas, VA). U87 is derived froma grade 1V glioblastoma, and carries
wt p5S3 ([Wers2)ei r HGe sKLKWMAicothplekadks prbpakdd d3, debriet @BsveinGxaifipie3ilk2 Bsifg
Huang HJ S, Friedmann T, Detribolet N and Cavenee WK (1994) Anal ysis of
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and neonycin (PSN). Cells were grown to 70-80% confl uence before the next
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[00176] The human nul tiple nyeloma cell |ine KM5-11 was mai ntai ned at 37C in
a 5% CO2 at rasBinerie viell lrpwin m6the artel@i henesisiapt &r@ﬁtleldungnetfkctw%TMZ This

heat-lnactlv ] n’gRILL aﬂg

each of peni c|$§j1°?}e§ stalﬂg r&%e?o tﬁgn}ﬁzleﬁleoehverya ?:g}]el Wé)ggloa(i' g{\;\% to

70- 80% conf Ituem:r@om@a‘nom}eniea@s Bﬁlﬁe HASIHAE the tafrgurtﬁl@aigaﬂa RpfotdiBNrdibod1 @8 €

cell's grow Iagltlﬁggypi?rggli)gﬂ) ?ongs ggctept%f ogl)thg Icel){ and the triggering of uptake via either
passive means or through active transport mechanisms like receptor mediated
endocytosis. This process “floods” the cells with drug overcoming the mechanisms the
tumor cell has in place to repair the DNA damage caused by TMZ (such as upregulation
of MGMT), and/or the mechanisms to pump the TMZ out of the cells. Thus the cell
dies.

[00184] There are a number of ramifications as a result of the tumor-targeting delivery of
TMZ via the targeted cationic liposomes described herein.

[00185] 1) Increased efficacy means less drug needs to be delivered to the patient to
see improved anti-tumor effect. | ‘

[00186] 2) Tumor-specific delivery (tumor specificity) will decrease the deleterious
side-effects currently associated with TMZ as the drug will not be taken up by
non-target cells.

[00187] 3) The efficient delivery of TMZ to the tumor cells overcomes the
resistance to TMZ inherent in a significant population of brain tumors (GBM and

astrocytomas) and other cancer types including, but not limited to, prostate cancer,



- 32 - [00177]U87M5 i s categorized as being sensitive to TMZ (Patil R,
Portilla-Arias J, Ding H Inoue S, Konda B, Hu J W Wawr owsky K A, Shin P
K, Black KL, Holler E and Ljubinova J Y (2010) Tenozol om de Delivery to
Tunmor Cells by a Multifunctional I\lano3 ehi cl e Based on Pol y(Beta-L-Malic
Aci d). Pharmaceutical Research 27: pp~2317-2329). This is a well
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. Lip-TMZ was prepared scrihed above in Exanple 1 using a |iposone :
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250uM The ratios of Liposone to TMZ was O. 1:1 or 2:1 (nolar ratio).
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triplicate at 6-wel | I over ni
i ncubati on, Sﬁ‘i tﬁeé?nsﬁtg&a% o?tat?l Qggg"'éf IHn%e(FA‘ %ﬁh r%‘eanr?%d c?ve? egpvm th
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i ncubated for 5_h, and then supplenmented with fetal bhovine serum _ After
i ncubat i on f%gnlﬁ?anamt%ﬁhqunm Cﬂl response e thsi IMZywhgadt was @capsyiaedip thee XTT

assay as des
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and chenot hanethedibf delagent s used for the treatnment of human breast cancer.
Cancer Gene Ther 2001; 8:728-39.). Formazan absorbance, which correlates to
cell viability, was neasured at 450 nmusing a mcropl ate reader (Bio-Rad,
Hercul es, CA). The 1C50 val ue, the drESQ? @Ekcgntratl on resulting in 50% cel |
kill, was interpol ated fromthe graph o e | og of drug concentration

versus the fraction 18108d ates that in
human brain tunor ( ceI P{P?%gﬁ%gos%g%p@rge@ l%réiﬁ %ﬁegcts of free
TMZ, i nj0u190]0 tr estudRBtwend bérférited| to RizsdiiEncLifad TH RFe darfbiéd aipostane (sched
herein resulted | n a_significant reduction in | C50 values in human GBM

cel I's. Wer eeosnpley (1ohe canreesstthabiendsbrain baypier, 2BB) gnd taget HOTE @ftFts1Y he
unencapsul at i bat ed
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known by those famliar with the art that free, unencapsul ated TMZ is the
formof the drug nost commonly used to treat tunors in patients. [00181]
Simlar results are shown in FIG 2 with human GBM tunor cell [ine U87
conparing free TMZ and the Lip-TMZ at nolar ratios of Liposone to TMZ of
1:1 and 2:1. Once again the unencapsulated TMZ has virtually no cell
killing effect on these brain tunor cells. In contrast when encapsul ated in
the L| posone at nol ar ratlos of 1 1 or 2 1 (L|p TMZ) usi ng the rrethod of

——. p— . ~ A —



Conpared to Free (unencapsul ated) TMZ - 34 - [00182] The scL-TMZ conpl ex
was prepared as descri bed above in Exanples 1-2 using an anti-transferrin
receptor single-chain antibody fragnent (TfRscFv) as the targeting noiety,
a Lip: TMZ nolar ratio of 1:1(size = 4,.2nm zeta potential = 42.5nV)

(l'i posone concentration = 2mV) and an $fRscFv to Li posone ratio if 1:30

(ww) . The sj.ze~0& - 4 1N\ cel l
killing abi ﬁ“ﬁcﬁ thlueb %%%chﬁn%% gieagﬁ)g?{%erng}gf&ﬁrr?gﬁgﬂ ottf il o€
TMZ resi st amhichweae etthanined b tunoetdeating) brali@Simagsd nging ke Xiabstas®aiy. vivo

[00183] FI G 3A shows that tunor t eting scL-T\NZ c | ex, . has
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TMZ has an |c9§ﬁ>a¥¢3ldéﬁlgﬁthg:@@&sﬁbfﬂ\@ofil\%r&qw.riﬁﬁEﬁo%ﬁ&L%?ﬁ@{lﬁ@ r&aRed i N9 to

t he met hods described "herein and delivered to the tunor” cell by neans of
t he .t unor - tstoge fluprpscamep bigral specifiealbt in2he bralmtumes {FIGVA Af flacontyast,yonky | | s

the cancer cgell.s.  Thi is especially signifjcant as.this Mcel.l line is
w1 e i Rueld of HubntPE Sielt ahehied S Bk aeidestiot Sreithi s, o
reversal of (!J;@ﬁbﬂl\ﬁﬂﬁﬁni—@y@t@DNO Thizeregif H&h&ﬁ&aﬁi@!tlhé/;ﬂiiutyadﬂiscﬂﬂb&%@ss%c; t he
TMZ payload into the tunor cell by neans of the binding of the targeting

l'i gand ( pr otBBB and efficiradly dshHveranaylnag to brghmors.to its receptor on the cell
and the triggering of uptake via either passive neans or through active
transport nechanisns |ike receptor nedi ated endocytosis. This process
"floods" the cells with drug overcommpghphr gechani sns the tunor cell has
in place to repair the DNA damage caused by TMZ (such as upregul-ation of

MGMI) , and/ or the Efffvacyofsde TMEANnt AainhdMadelsfoftBais €dreer Thus t he
cell dies. [00184] There are a nunber of ramfications as a result of the

tunor-targeting delivery Oonipefed te Frée, Waegedpstlatedi DMZA | i posones
descri bed herein. [00185] 1) I ncreased efficacy neans | ess drug needs to be
delivered to the patient to see inproved anti-tunor effect.

[ 00186],8) Tyyfor - S %ﬁ%‘ %%?%isaq éﬂuérl\r\ﬁgtﬁgﬁ]oﬁst wéﬁéfin&%&‘%& B%t‘&é’émg‘d gémglggaﬁhgfr%ﬁ‘é nhﬁﬁ ot

del et erious "si de-e y associ ated W gw
be taken up rhite Hgretérastgeic inedulfion] FOISMNIG)TEE callsf thei @ably detrl k¢ YuciferaldZ t o

the tunor cells overcones the ] i ]

gene. Seven to ten days post-inoculation, tumors were evaluated by bioluminescence
using Xenogen IVIS in vivo imaging systerh (Caliper Life Sciences) and mice were
evenly divided into treatment groups. Treatment was initiated on the day of
randomization (day 0). Animals were injected intravenously (i.v.) via the tail vein with
5 mg/kg (per injection per mouse) of TMZ élone or TfRscFv-targeted TMZ cationic
liposome complex (scL-TMZ). The scL-TMZ complex was prepared as described
above in Examples 1-2 using an anti-transferrin receptor single-chain antibody
fragment (TfRscFv) as the targeting moiety, a Lip:TMZ molar ratio of 1:1 (liposome
concentration = 2mM) and an TfRscFv to Liposome ratio of 1:30 (w:w). Mice were
injected twice per week with each reagent for 5 weeks. Control animals (Vehicle)
received Liposome only (no TMZ, no TfRscFv). ‘The sizes of the scL-TMZ complexes
iv injected into the mice during this study were found to average about 100.5 + 14.7 nm
(number average) (Mean + S.E.).

[00192] Assessment of in vivo efficacy: The in vivo response to treatment was evaluated
based upon the changes in tumor gro.wth, body weight change, and overall survival.

Tumor growth was monitored by bioluminescence imaging (BLI) using Xenogen IVIS

in vivo imaging system before, during, and after the treatments at the indicated date.



resistance to TMZ inherent in a significant population of brain tunors (GBM
and astrocytomas) and other cancer types including, but not [imted to,
prostate cancer, - 35 - nultiple nyelom, |ung cancer, liver cancer,
ovarian cancer, pancreatic cancer, hesg and neck cancer, kidney cancer,
stomach cancer, and nel anoma. This réversal of resistance broadens the

scope of us el i =.cancer. tr t 00188] FlIG.
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mul tiple nyel0 thus,.it was very surprising that deliyver TV t
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i dentical methodol ogy and procedures descri bed above were used to prepare
Li p- TMZ and Quaralrmmrviygbwatwecerded prdplotted by Kplandvieeompthed: was al so used to

t ransf ost at u 4 - ovar i an V- atr
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encapsul ated in the sclL nanoconpl ex when c,or‘rB[ar ed to free (unencaé)sul_at ed)
ap

TMZ, the curfdpgrals-digdran fners o eer impgrd veapy MEbsfqse eafmepthasgayand agpines
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received free TMZ. However, in the animals that received the scL-TMZ, not only was
tumor growth inhibition evident, but tumor regression had also occurred, even over this
short period of treatment, indicating the increased effectiveness of the scL-TMZ as a
therapeutic agent. This was an unexpected result.

[00194] A comparison of the tumér sizes in the animals of all three groups is shown
graphically in FIG. 5 and show the consistent dramatic response and small tumor size of
the mice treated with the scL-TMZ. _

[00195] FIG. 6 shows the BLI imaging via Xenogen of a representative animal from
each - group. followed from pre-treatment through the treatment period and
post-treatment. The intensity of the Bioluminescence signal, which correlates to tumor
size, is shown in a color map: Red color = a stronger signal, Violet color = a weaker
signal. Free TMZ, the current method of administration for brain tumors, was able to
control the growth of the tumor for ~2.5 weeks. However, once treatment ended after 5

weeks, significant tumor growth occurred. In fact, recurrence was even evident at day

31 of treatment. In contrast, in the animal that was treated with scL-TMZ, not only was



unL- Cy5-0DN) (2514 nouse) (2 mice/group). Twenty-four hours post-

injection, mce were euthanized and tunor-bearing brains inaged using the
MaestroTM in vivo fluorescence i magi ng system Fluorescence intensity of
the brain tunors were conpared using #Ee MaestroTM software. |.V. injection
of scL-Cy5-0ODN resulted in a strong fFuorescence signal specifically in the
brain tunor gy . . re
observed in tf‘%e“ﬁloﬁ r“éthé 1g1r1'3|£ %z%t? llngﬂh%?d%ﬁ FL@%&%%@L@E&W@?&% 4

unL- Cy5- ODN.unékpeztedassillt ofttaion sdgratien (fdeeDabs1)iwas adisersed thHad lastedus ldake? BBB

d efficiently deli |oad to brain tumrs. le 6 Effi f
SeL-ThE i n' ABRISHER b ElhOLTOnAPAREHoTY CRRRB SO e oar oo
TMZ [00191] 'A‘%agfe}iccbré bhkatiHNr tBY Bsi I%tb&ﬂ%%%ﬁ?ﬁeWﬁg.fﬁsﬁ ts%&@i?' €

at hym c nude stereotaxic i1 noctlation o uc2 c at
stably carryinfFih@. 8 (har hebaatoen gfegreph iBdicetes the dveati ghanfIrepmsdnt). N simbikar plon of

t | uated by biol um ing X | VIS.i i i i
system ( Cal ItPor S0 fRcRgics YEEYME ff Alhod hSABIcS VETASTIEIOuR o 2ttsh 17 HiCh % HIEER ot
groups. TreaihRthe Waskpbitbd tRhREF Bk bIRnfdRYedbrehdRitireadnd OF treatdenPih the

Animal s wereinjected intravenously (i.v.) via the tail vein with 5 ng/kg
(per injectissh-IPEL tnastesleyroup iTRwidantonEhigris PhexpeRiedt sarqgetuegr TRAUIIEAES Hnd C

| i posonme conpl ex (sc%l- TNZ) .. The f?ﬁf‘t_ TNZ c];])lgpl Xnas Drepar ed as descri bed
above in Exar?fﬂné%n RO eﬂ’s]inncén%eﬁsg 1 OPFIRSTEME lPeSIép or single-chain

“ant i boqgofgagmentTHeTfaBk CfVibx sty t dfethie adcBSTMZY tré@tinRhY is Shdip by Mgodyolv@ight at i o
of 1:1 (liposone concentration = 2nm\M) and an TfRscFv to Li posone ratio of

1: 30 (w w). TWaserements quijnactrestmenti and posk-trggmienty(K1G. d Qb nThcegg@ndecrense &
ks. Control. ani . ( Vehi gl j ' g
e Lo SRR B B Ve S APA) Bhe ARl PP fifss Dy

during this 8ttheydvaacel dissandstite. Gumpagd tathesd oth@Qréups, thé adinuls freatdbeith
average) (Mean + S E.(? [ 00192] Assessnent of in vivo efficacy:

. The in vivo
response t o SkeBYAsidensed nadaciesse BHERPYEHEK @H@eaﬁgﬁgf‘é@enwe?&ﬂ?gﬁvgq owt h,
body wei ght gk . venakh.: i L . . ] ed by
bi ol um nesce%@ge’a 9?%61?‘%3“%563‘?) Hlljnss?dr%{én gﬁ%ase%ig ?%F(ég it%&/%ﬁ;ﬁﬁa%gpin%a%yst em
bef or e,[06187]ng, dfie &fgetermhsurvivelabfreid smanals He thisdexperietntdas ehown i87a -

U7M= | uc2 | 1.s re genetically. .engj neered .t xpress l.uciferas ne
ahi ch 1 esul TG RESPSE G r ALY SHtmisat it Lo g ee g A BEae et ¢ n
the substrat ghdiehtRE e TNIZ cRicRbSMIRAFESAR O fithds8Rick YobareBGo MEdhtioUmor s,
a nmeasure of tunor size/growth, was neasured and conpared between treatnent

groups. Hal fgromy thereowgh at sigrifinamtingreéseen longeterme cuirwieal Htendedagmerft with
treatment wt h rea al nimal s were scanned with magnetic :
resonance | N1 fﬁg%(mfﬁa%%ghégﬁﬁet}g\gggf%ué’:brai n tunmor. The aninal imaging was
done w [Bbm]ﬁ Wi Thha aendKeipeBinfeAG | difftRht desdsGrambof iHfeciGhsapére®BEN afory

gated (Bi oPac Physi ol ogi cal Data Mnitor) Ti-Wighted, 2 dinensional Turbo
Ml ti-slice SoltTVIZepreparadagsi Aepesbeslbereds were wompesduntrowes ofanicd| keasse f or m

MRl scan a”%gﬁg&g‘;ﬁg ggﬁlé{&?&ﬁa Hn%?rtaﬂﬁﬁ‘&e&rgg&rfgtgamﬁé’ Xre‘%@%%lgﬁgirg@?c{é&% 0P5

noni t ored wee survival was re and plo apl an- Mei er
met hod. [ 0019&dksmGh s¢B-BMavis: Risemghpioac irgedtionfpet wewk;\Soma/fkigiont trjectionffder cacy
of the sclL- T\D//ezek; or 5 mg/kg two injections per week and survival determined. The Kaplan—-Meier
plot in FIG. 12 showé a dose dependent response and that even a single injection at a
dose of 5mg/kg can extend the life span of mice bearing intracranial brain tumors.
Furthermore injections at a lower dose of TMZ can also be effective if the number of
injections/week is increased.
[00199] Results Summary: Compared to the treatment with free TMZ, intravenous
treatment with scL-.encapsulated TMZ resulted in a robust inhibition against tumor

growth monitored by either MRI or BLI, and prolonged the survival in an intracranial

U87MG-luc2 GBM tumor xenograft model. However, no significantly increased



and free, unencapsulated TMZ on intracranial U87Mz 1 uc2 glioblastoma tunor
xenografts. The brain tunors were i naged using MRl before treatnent began
and again after the mce had received 3 weeks of treatnent (6 injections).
The outlined areas indicate the gli obl3 stoma tunors. Over this 3 week
period the tunmors in the control mce gr'ew significantly |l arger as

expect ed. hi b I d r bve.at ; r
e A L e
free TMZ. Haomwpared torthédeeofdineenBME. trbated reiowily edsd, g wekpddidd resolt vonlthe was
tumor growt h i.nhi bitiaqgn evident, but t ng.r rﬁg}gressi on, hagl al ?o 0 cur{(ed,
even over t FRANERHICE Ogé}t“? BEN Y TeERoRsE: tRARANg TMEL FSERG SR FE fEagk e gVeeks

ef f ecti venesgiephedthensitld-ch¥éd.as a therapeutic agent. This was an unexpected
result. [00194] A conparison of the tunor sizes in the animals of all three
groups is shown graphically in FIG 5 and show the consistent dramatic
response and small tunor size of the_ mce tﬁr) ated with the scL- TMZ

[00195] FIG 6 shows the BLI imagi ng W*ag zen of a representative ani nal

and post -t 1ot hbAce 1RECor BReRGpioh THRISEE < M AR CANE: SR RIS AR,

correlates to tunor size, is Sﬁ?%réﬂﬁzﬁe@@éﬁc‘: 'IH;{ed color = a stronger
ree ,

signal, Violet color = a weaker signal. e current method of

admi ni qhﬁﬁdion f Qherh iRl USTRGSlucYRem8h s IRubQN b WdiR old AMhidle afhyhle
tunor for -2.5 weeks. However, once treatnent ended after 5 weeks,

si gni fi cant nudepricgpselssdribed ebevee dhreawécks efterineenatione timpa deanimgmiogivaeat  at

day 31 of trea nt.. .Lkn..contrast. J.n the aninmal, that. S treated,wt

Sel.- T, notr iy siaddt B8R and by s Rreel iR IRk G K
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regression (see Day 51) was observed that |lasted at |east 2 weeks after the
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treatment). (AfRicFv) ads fHeottargétinghensicgnad LipiTeviZi inoke niier of i e {lposahe of
the mce in each group is given in FIG. 9. Here again the unexpected result
of lack of taorefntiatienr reiieM) andem THscEnde dapesemstntit il 30 (rawac Conie!

treated gr O%ir-hg’ls e(veﬂf'acql%)'sreo%ljs/gq :L’ﬁgdéﬂﬁ%,p&ﬁg' e(ﬁo S’T e nto_umscf:efurfrr%@d lhg @

common problemin cance ypes including brain cancers. ]00196] The
| ack of t oxidestrjbedfabbing tiseiz&MA the ect-TdviK lipssosieswn itjgetébuiyo theirgice during

neasurenent s, duri ng treatnent and t- atnent. (FIG 10 The_ st ee
decr ease in_%is&ﬁi@’qﬁﬁre?%ﬁgﬂ?ﬁ%{%e gﬁ? f“h‘{eéé\eférﬂirzg?r@b%rlﬂé(ﬁraﬂ’i( ‘??8+F$§e) TIIC\)/IZ ( Day
51) gromtaﬁoms caupfRdmide whe @&Y@ﬁ@@tiﬁié%ﬁve@ka}\ga fReRaied ibjecddmgs s ot her

groups, e'aninmals treated wth scL- TMZ evi denced no -decreasé in wei ght
over the coumssalefwerhecuthgnérednandt brmrg weeenharaesied] Braingtumers weére eanefullhi s

d trates,.the lLack of toxicity of thi h.. [00197] The.l t
Survival of dimgcish g Bomiel b s WieRRE 3R Ghor i iy ERfeekt B oFor
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Al though the free TMZ extended the |ifespan of these mice conpared tg the
control grouyspeniiens wers ebtainehiffane the tmerekyecqllagenasy digesHrn upvHoR 'S af t er

treatnment w - A r ee 1.
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treatment with scL-encapsul ated TMZ resulted in a robust inhibition against
tunor growth nonitored by either MRI or BLI, and prol onged the survival in
an intracranial U87Mz1uc2 GBM tunor xenograft nodel. However, no
significantly increased - 39 - toxicity assessed by body wei ght change was
observed in scL-TMZ treated animals cdfpared to those of free TVZ treated
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[00204] Results Summary: In an intracranial U87MG-luc2 GBM tumor xenograft
model, intravenous treatment with scL-TMZ resulted in a significant inhibition of
tumor growth demonstrated by tumor weight compared to those treated with free TMZ.

In addition, intravenous treatment with scL-TMZ resulted in a significantly increased

induction of apoptosis not only in CD133- differentiated cancer cells but also in

CD133+ CSCs.

Example 8
In Vivo Efficacy of scL-TMZ in TMZ Resistant Brain Cancer Cell Line

T98G Subcutaneous Xenograft Tumors
[00205] T98G GBM tumor cells are known to be resistant to treatment with TMZ. For
the TMZ-resistant GBM tumor model, subcutaneous T98G xenografts were used.
T98G xenograft tumors were induced in female athymic nude mice by the subcutaneous

injection of T98G cells or tumor particles suspended in Matrigel collagen basement



[ 00202] Assessnent of in vivo efficacy: The anti-tunor efficacy was assessed
by evaluating the induction of apoptosis in the intracranial U87M5 | uc2
brain tunors. The weights of the brain tunors after 3 iv injections of
Vehicle (liposone only, no TMZ, no Tf RZcFv), Free unencapsul ated TMZ or
scL-TMZ are shown in FIG 13. Unexpe(:f1 dly, even after only three

7 ections 3, dREEL ARS®IAiR, SRS LAT oRTHIRER: bR dce uNE A0 St T™

i s evident ncer stemcells ) are often responsible for tunor
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as well as in differentiated cancer cells (non- In these tunors.
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as determ by cl d - -3 antj.body staini f .singl | |
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CSC popul ation (CD133+) clearly show a significant increase in the % of
cel | s under ponentrationto8mM)centhar ddRsef vf oo bippRgme Tafins iff hé0 @ winvEandsel

target and effici |y, tr t. . ti i.n shani-fi c rp.cell
deatn. 0020 RESA FAE) FERRSA TpSSEi P e TR R EORER LB barkl Ber it
xenogr aft mMflehodd dikéribedaboce, tHeaicgBNthe WeILITNSZ Lorhpéx E€is ihjeetdd into the mice

significant inhibition of tunor growth denonstrated by tunor wei ght
conpar ed t o duEBgdhis siigy spergifepnds tocaveragp 1308 & d &St fnumbgr aygreg ¢asht ment

with scL-T su i gt WAGT ed. | Chi Ofr P QU9Si S
not only i nNZSCFﬁ?BSErLgﬂPchgr‘g%rt%ig%é%j gg%'f: gr (I(:l_e Ifglagu?OdaSngl :én% 1%%2 CSCs.
Exanpl e 8 | reuthanixetf4i8i lomey afodr the Last ivifedtion BhvH thke finsdrahbrvBstad. T r€atneat weel |
Li ne T98G Subcut anepus Xenograft Tunors [00205] T98G GBM tunor cells are

known to be SEEAGW ho treatnment with TMZ. For the TMZ-resistant GBM
tunor “[‘66?66& SUbCAROGQMS of I8 Givi SRR TThe WEH B0 US§Insd 9B Po¥eNRBE@htecusimor s

were induced in fermal e athym c nude nice by the subcutaneous injection of

T98G cel | s ommportrgagmentovigs cithes e dadZiar sk TV Gelompidx wareev dbsatesireased
upon the changes in tumor growth, body weight change, and induction of apoptosis.
The size of each tumor was measured and tumor volume (L x W x H) in mm® was
plotted versus time. Body weight change was also monitored during injection. The in
vivo efficacy was further evaluated by assessing the level of apoptosis by TUNEL assay
or cleaved caspase-3 staining with flow cytometry. Forty eight hours after the last
injection the mice were euthanized and tumors harvested. Single-cell isolation was
performed as described above. To determine the level of apoptosis, single cells were
stained either for TUNEL assay or with antibodies for cleaved caspase-3, human
CD133 and SSEA-1. SSEA-1 is known to be a marker for CSCs in GBM tumors. The
labeled cells were analyzed by FACS.

[00207] The tumor size (volume in mm3) of the tumors over this short period of time is
shown in FIG. 15. Here again there is a significant difference in growth of these TMZ
resistant tumors between those animals that received the free TMZ and the scL-TMZ
complex, both administered at 25mg/kg, in which there is significant tumor growth
inhibition. As T98G tumors are known to be resistant to TMZ it is novel and

unexpected that TMZ could control tumor growth. As discussed above for use in vitro,

this reversal of resistance is due to the efficient delivery and uptake of the TMZ payload



- 41 - menbrane (BD Bi osciences, San Jose, CA) on the | ower back above the
tail, two sites per nouse. Wen the subcutaneous T98G tunors reached -100
to 300 MmB, the mce were randomy divided into groups and i.v. injected
with 25 or 66 ng/ kg (per injection per, nouse) of free TMZ or 25 ng/ kg (per
i njection per nouse) TMZ encapsul at ed 2 tunmor targeting conplex (1:1 nolar
rati o). The . r | in j n
anti <17 ansf dis| e e SR b o A IR (e o e Y et B0 0P
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st ai ned ei t it mp/tig (PedNiglectimssy noruse) dffreaMVIBod 26 sngdf/ky (pet mdectidn parspasse) 3,
human CD133 and SSEA-1. SSEA-1 is known to be a nark for CSCs.in CgM
tumors. The ngapselatedsin, fumgr LRSS OB PRRSESSTORbD HWR SORIRISEIS DY
(volune in forts I t.hi r eFd i i hwdsi n
H @ 15, | Fer LONER udiflig bEED 33 PUR0e A TIPAGT o BRI ithicl 0 bl 0
TMZ resi st ant98Qrenagrdfetuveen  tAsohewarn FdGs 1 7.lexen theweh Wledhnimelsfwase trFaed and

the scL-TMZ ¢ | ex, . bot L Ni st er at [k in ich there.i

si gni fi cant ‘f’ﬁ f’rﬁrm Of“ﬁ]%i et‘?oéﬁ.o‘%dﬁgeel' t‘i?rl?ﬁ:fﬂgedaf‘oet ng%ﬂu?too%:ﬁ\dz
resistant toentMGuldied ® sGRVAE 1&RAoHARDPRAK IBGudcddy sEMAMBUY A RQBURMR 5 foldDr
growth. As discussed above for use in vitro, this reversal of resistance is
due to the diigheriietite palCHey gndohtbldipighkeinghe CRESTMZ payl oad - 42 - into
the tu |1 by..means of. the bindi f the ta ting l.l gand tejn,
ot o3 an: ¢ VSR Redlis e A0 Bln ISR, OF b0yt SRR BY
‘triggering oflealiell d4spa¥d-3 MiibHB/ stRiagfy YESTEANS OSCH Hifodl e fagiel tBclth@dapor t
mechani sns |i ke receptor nedi ated endocytosis. This process "floods" the

cells with dFRP dveincemary FKe hdehamibhs, epethen markeer G9&s was pisetdot o
repair the . dar . u L d/ or
the- nechani suRBASCEMIR Y helied SHEG Bfe) BeRGiRM, REL-Th2Tilbcq 29T
consequent | yfold¢(SSEARDF) andé@sS fdBh 6SRE AHiah higheslevel ofiapoptdsit shantfiee Bddeven

mechani smworks in vivo and thus derrgfﬁtr tes the potentjal use of the
scL- TMZ conptheyghmorsthamtwics theamoygbett recot Mgy waspdanaiststster t unor s,

i ncl udi ose ¢ t i T o [y olndube iv
admi ni s e%ie scL-#ﬁ%ﬁ?sél?ﬁ}%iS?é?gg{%fd? OeM;ﬁ ggin}glehgﬁgtggfere% (r?%g%’dglyr\%einght over
the short tetwreatmentt With sekpBYlZn@ntthg Far®: of6ven 1p@e208je FThEMBvebuledd in a

apoptosis in.the tupors,from ani | s t.hat had been.iV inject ith 66
rrg/ Eg ( per iﬂﬁ’é‘gf?rﬁgoﬁélpawg]séfo fl?ll%’g‘t}?ﬁz ag?m?Sn];M%I{@Sl%tﬁ%tr ejidgr%ﬂectflfn(?ﬁ per
nouse) TMZ epgRpsitlsatRlevEr, e BikniRhLt iirﬂQea%@dT%ﬁ&t%%cﬁsgﬁﬁxs%’d)g\J%ﬁs

d CD 133 CS

post-injection by TUNEL staining of 133+ CSCs an - non-
i sol at ed fr oehangdovas aibeeed o8 -Tdhb dreated animals scomparedhigvihosenofrfres TMZ even

t hough the api s were treated w.th nore fhan double th nS f free TMZ
conpared to {}ﬁaggar?ﬁ%@s'otn fﬁ@ggrﬁ’c énﬁgaﬁ Fré(fugdﬁfa%nsegtl_ A lJthhé‘:If'zMej? r%?‘l?tg%o%’t gsi S

i nduced by sghnifibhtWasndredsedt eeel Dff apshdrighmt bilyt e COMBISesd a98EA-1F ol d
hi gher in the CSCs. [00209]Simlar results were obtained when the |evel of
apopt osi s wadifigrensisied ganser e¢lbabeilds 83333 amSEfody CSCai ni ng of SSEA- 1+
CSCs fromthe sane subcutaneous T98G brain tunors (FIG 18). SSEA-1,

anot her marker of CSCs was used to distinguish CSCs fromdifferentiated
cancer cells. Here also the scL-TMZ induced a 5 fold (SSEA-1-) and 9.5 fold
(SSEA- 1+) higher |evel of apoptosis than free TMZ even though nore than

twi ce the amount of free TMZ was adm ni stered. [00210] Results Summary:
Conpared to the treatnment with free TMZ, intravenous treatnment with scL-TMZ

o o o Y — . p— .




- 43 - [00211] These results denonstrate that delivery of TMZ by scL can

i nduce nmassi ve apoptosis and overcone the inherent resistance of tunors
cells (including, but not limted to brain, multiple myeloma, |ung cancer,
prostate cancer, liver cancer, ovariag cancer, pancreatic cancer, head and
neck cancer, kidney cancer, nel anoma, dtomach cancer) to this drug. Exanple

Fi ot - I0REE o onart el AVEOREACIAThARAED T 1040 el MO Bisyrs 1

patients w tapoptosis rand wer®me theainherehiaresistagoe of aanbrst detls grliding, dus ot
limting toxicities (Vill a%? JL, Seery T E and Bressler L R (2009) |
Tenmozol omi deémitedeIbrgAaRRltals Byalemacling cARCAlRIOHAG RS 16y er SARSEOVatighcer

Chenot her ap : - 1 NGl Ui ng u i on.
Thus. veye KaTirbr C RS SR RS R 1R/ phingY. Kbils il AR S RS P

del i ver ed t caneanptotthiselmugip by, tunor cells in the brain thereby reducing
non-specific toxicities, would be of significant benefit to those patients
who are currently candi dates for use of this drug. [00213] However, even
if efficiently delivered to the tunorg n%f%gone significant drawback to

t he wi despread use of TMZ for glioblastomas and other brain cancers is that
a significant percent of tunors are resistant to TMZ. This is primarily due

to overexpression of, 0§-.net.hyl guani ne: - hyl trapsferase (MAMVI), which
repairs the TMZ-i ndé@gg)lﬂmoﬁégb@%w&??m%lsﬁm QL% Ni ne adduct s
(Mugala MM Adair J and KiemH P (2010) Tenozol om de: Expanding Its Role
I n Braigpossapcer . /Q'Eﬂtﬁxéh%eTﬁﬁManheQch?&ﬁéﬁchLgerﬁ hPh?n&%ﬁﬁﬁi'd@g(thl\}?Z) has

[

t herapeutic action of "TMZ. Therefore, I's inpeéerative to devel op ways to
over cone t hishowedienefatnioepatiCutsorith rage tumerssit lalgoSiBasNagrof camp Itisraieutic Gope

Th 00214].As ,descri ' LS. P t . 4.780, he dj scl f
anoh 1o i nathaR 40aTEy CFeey dhSbiiof fid Frelr SR GER) Teforblrgaf 3t © ©
system car r WilggranP l@romd: OWyeaNCRdi il FRRraMRSRtY 0N CHeAlodRFAN @

Tf RscFv (scL-p53) has been successfully devel oped. scL-p53 has al so been

- devel oped f dhagseeoiegyc d¥bi Pt PHAON ) hincluding myelosuppression. Thus, ways to
tumor-target TMZ so that it is specifically and efficiently delivered to, and taken up by,

tumor cells in the brain thereby reducing non-specific toxicities, would be of significant
benefit to those patients who are currently candidates for use of this drug.

[00213] However, even if efficiently delivered to the tumor cells, one significant
drawback to the widespread use of TMZ for glioblastomas and other brain cancers is
that a significant percent of tumors are resistant to TMZ. This is primarily due to
overexpression of O°-methylguanine-DNA-methyl transferase (MGMT), which repairs
the TMZ-induced DNA lesions by removing the O°-guanine adducts (Mrugala MM,
Adair J and Kiem H P (2010) Temozolomide: Expanding Its Role in Bréin Cancer.
Drugs of Today 46: pp 833-846), thus negating the therapeutic action of TMZ.

Therefore, it is imperative to develop ways to overcome this resistance.

Tumor-targeting scL-p53 Nanocomplex for Gene Therapy

[00214] As described in U.S. Patent No. 7,780,822, the disclosure of which is
incorporated by reference herein in its entirety, a delivery system carrying a plasmid
DNA encoding the wtp53 gene and targeted via TfRscFv (scL-p53) has been

successfully developed. scL-p53 has also been developed for use in combination with



-44 - chenot herapy/radiation to increase the tunor response to these
standard therapeutic nodalities. [00215] Although TMZ is a first-line

chenot herapeutic for the treatnent of brain tunors, only a subset of GBM
patients respond to this drug. Based_gg_the work of Stupp et al., (Stupp R
Hegi M E, Mason WP, van den Bent M J, "Taphoorn MJ B, Janzer R C, Ludwin S
'K, Allgeier i : , ot&id

Marosi C, Vecﬁﬁ?g%%gd?&ﬁb%ﬁtﬁglr ?p%,%fe\?‘ges gﬂeélftiuﬁ]g)r Ig@i&;\@/ﬁ%ﬁg) t'fé}?g%Esl.tgi\&e(jln ﬁl[}%r?ﬁé}ld%orl ia
T, Weller Mmaédatiiebe D, Cairncross J G and Mrimnoff R 0 (2009) Effects of

Radi ot Wth 1.t ant i t | 1 de Vi Radj ot h
n one. dTVDR i valARTPUER: Bkt st ihe, CRaBF BRI sBe | ATSERIagt PBenr
Anal ysis of {he-EORTG Ns& ngfi' G%EA phﬁaﬁﬁesmg\p{oo&ys dldg, %ﬁﬁ‘ﬁgfﬁd@”@g opel |

as that of Hegi et al.,( He , Diserens A CorliaT,

Tri bol et N, Stepp etralM(SkippR, Hegh Midi, Masoh VP, yam detvidsohMN, Naphioami MLJ B,

Bronberg J C R, Mriimanqff R Q, i rneross J angef, R.C anqd St upp
R (2005) VG Gttt foRarh2eish db her S ATae RofHaier s RrsiF &l st one,
New Engl and @itk JoMaMeslicc iviehB82; Mukh&Ri7K 1 O33eling @, arifh iSN Ehiseh P E, Of

patients were indentified regarding response to TMZ treatnment: those with a

t
downr egul at deoeilir Willshidt dacopbaDpeeirrarossy g Ak Mirimarrif Rd3 €409 Eifapts gkt i ve

MGMTI pr onot sl s.. . [0p2 . ns to
doun-  equt at SARRBD I KeBPRRR ant KB Hinos AP RS G BRRYT
TMZ. Ther e haMdge beSanaval wiridtiobRitofaA fatRandostised Phag [Mh$tudy:nseasAngysis p53 -
expressi on coul d down-re(lgul ate expression of DNA repair genes such as
(Bocangel D,ofSenBUBIS-NCIGyTriah Lancasakalogk 1§ reotfefoopaswil as thebaf Hegi et
Down- Regul at j . e ADNA, [ '

Met hyl tr ansf%’rﬁgggél(l\kl\/%\/l??g{%g I'nt éir?g??ﬁmﬁ’%@wq?h9%3%‘%%52??@%%’%&&% :
Ant i cancer Résefeilaér, ] AgrMasonl W, NReted K., BrSmbeipuh it 6n HauJP,avidriBaertf RTOP

(1996) W d-Type P5 re Transcription he Human .

06- Met hy! gud _lﬁ@r%mi Cﬁﬁﬁﬁwﬁf CrerSuse &@198.9? ity o ieinecina Bpetit

2029- 2032; SrbhMenHdeRAbmIER inSBAbbidstoMd! NaRUBhglanRISurnki2®0 Medkoind882:Jpp and
Ali -Csman F (2001) Enforced. Expression of WId-Type P53 Curtails the
Transcri pt i di97ef008htv@distikdt lgydups @i pateenBNAetvEndeptificd neganting resmense to¢ AMman
Tunmor Cel I's and Enhances .Their Sensiti vi Al kyl at i ents. Clinical
Cancer ReseafFe@ﬂT‘?Q' ﬁb’s‘i% -ii’éwe%@eq\j&dWPW@%?Lwﬁgg’eﬁ nBI&f’gﬁ?ﬁlse%?&shom
to efficientthyselvaiiogd adlfvie'MGM'laﬁl%rﬂ&ér&ﬁ'ﬂﬂ%bﬁseE%@bﬁs.and to cross the BBB,
shoul d be an effective neans to overcone - 45 - the MAMI induced

resi st df8216lo T TIvlss Bevetapmant of & e te dewnpisgelate MEBMEfwapfipgraasstther

tunors, thus_ br,oadenin applicati f I or [N
i nproving t he %bbreggogoéqngn%g ?atpgegp(lénﬁf ng m % pilyéﬁgrhg(’é;%ggnn& %%ﬁ% T %f geﬁgp%
tunors. Mor gadehtingSthat icrldy¥ing Svtphs expressith &udd dalvededudite @EprebsioDbNBINA
non-brain refractory or, advanced malignancies incl udi n_% pancreatic

i

neur oendocr i 1§21k Ben<srsuehpy MEMIe(Hacapgel D Reapeptp P MifiaiS, IBhaket 5laf2009)

(2009) Rece A he ) thee Angitu ffi y &f.. Teno m de.
Current Nodi'5) AU EREns D - REBIMS, | 6 Chs PRk RERY RepdfTDEAREN |
enhance the Q6dMgthylghamide-DNA t Methglteansfetdse c (IMGMTh éviap biteractiag 8Nithf Spl a
vari ety of cancers. sclL-TMZ and scL-p53 I ion Ther

[00217] Descr BRI ACPE wmwgé%feaf%%@bmﬁéaﬁ%wk& S dtquehig Bhand
scL-p53. Thegdgy et opnedosy! wWitd-TYHE Py @Ses? TIRRGLHRIARY Whd | HRBaRT
benefit to patients {Tﬁat 2urrent ?‘?/gare c%h;pgirdatses for TMZ treat rrent.a

However, theOg-ddshylgiarnaDNetpMettgdtnansfdrasel{zane. GancenBesegreh d6epp 202030t i ¢
potential. The decre dofu r.esi st e.due_to,sclzpb3, on i he
i mproved pro ‘feflfl%%pa{liggt S}P%%n}l;MUI PY fﬂ%o@?%?ﬁe’é‘%%}ﬁéf‘?ééﬁés%% E‘é{&f,&/z
woul d resul tEAforee@N\Bbidssien Caf r Wild-YygdZPsmr espginsi the Whastriptuor o (@sd
possi bly other cancers) to responsive. Therefore, this approach has the

potential tdOeMetbylapapeciDNg oMgthyltfansfesass Gere cin dwearef Fuger (eells and

t herapeutic i menfor &the.treat t. of n t her~.cancers. )
Exper i ment al E Bf;eosa"g eir Sensitivity % rI‘selﬂylagng %Mn% %ll%l(g? Candl°REsarch 7: PP
1398-1409). The use of the scL.-p53 nanocomplex, shown to efficiently target primary

and metastatic tumors and to cross the BBB, should be an effective means to overcome



[00218] The experinments are designed to denonstrate devel opnent of a new,
nore effective treatnent reginmen for ABMw th use of scL-TMZ, both al one
and when used in conbination with scL-p53. Human Brain Tunmor Cell |ines and
In Vivo Model s [00219] Human brain canagr cell lines UB7MG and T98G were
descri bed above. A version of UB7MG fHAaf stably expresses the |uciferase

ene has be Lpermif :
gt udi es vvheﬁﬁge ?Pé lgfrTn lgl?g(\t'/édﬁggn ‘lfeg[g’p%%lige&vs\n &mﬁ:g%l t%akig eljt%éht% eeﬁ:é\éllgs r)

| magi ng Syst@moﬁfﬂﬂﬁgﬁdirs thﬁwlgbmg:ni?rgahemihcaaorﬂﬁthls[deuﬁgﬁelxa'dna Malmm@wmg for
brain tunors will perfarmed on a 7T Bruker 3§sm (Billerica,

hori zont al §b%ef0rgaﬂ%§ 8  PREERSS Wishmimary gnd meastatic e Jpagrsyi MATepyer: 6‘&6%3/ cm
m croi magi ngrgzadi glb S elalflatBy HRNRYIiR1 QRer*nCh-BRfid Vi@fr@ctorghgr L FRHIBY
protocol is a Ti-welghted Turbo rapid acquisition wth rapid enhancenent

t hr ee- di rrensrndrg:lancmnsagmhghsgq:amremcamproend@nmleyamlesncpdllgesjweHaggs:angeri

Credle J ue d Si dh
Hyperphospho(& tgf‘e‘(zj af‘élug?%laé‘ﬁ %(%séﬁ‘ife HP“Z&?E? >t<°p? E(ivﬁglﬂ?r‘%ﬁté %
Model of Pargifes@nofSTdohSRRide. FNrRRe Meddhal CHlentIbtriNes: Tﬂﬁﬂfﬁﬂ&’ﬁ) 3Ratniyat
1598-1610). Denonstration of In Vivo Efficacy of scL-TMZ Al one and in
Conbi nat i on With srlspi3 wHkernhenxAhy petentind o6 TMZJtsn kegn affestivgtherapeutis-agent iopi ¢
i ntracrani al ‘(TN? %tensaetl ve) and T98G (TMZ resistant) subcut aneous tunor
nmodel s wi |l D™ ©8°@%am ne the effect of scL-TMZ alone and in

conbi nati on W|th scL-p53 on tumor growth and/or regression. It should be
noted that although UB7MG has wt p53, an increased in vivo response is
observed whesLtBY |%§ﬁ8%7péﬁi(%§’mq1%ﬂ§rhﬁfa@ytreat ed with the conbination of
scL-p5 free ﬂu?o‘{i‘ééf / ) 4k |

recei vﬁ ofEty (ta| Iﬂ%\/%}ﬂr)l ?ér#jpiéc |hc?nrﬂssgg%cﬁ%r ee gﬁ)gﬁgwaqaﬁi/%_lépg%e{me
scL- p53 al ondevelophepbd RILUEMEZr foe uddVis a)rnoﬁoﬂhefﬁw williter efdteefitnio gatietts thaser ve

as controls. The p53 do 3Qug/ m) injection, and TMZ will. be
used at 5ng/REFENBBEI W@gﬁﬁ%ﬁéﬁ% frea ‘H‘FV§E dhe %PWW@@H%@@RWV% 8l 5
weeks. Tumory gr ot &ehrg}haeﬁ ih%fyg%@g{: gééh@ﬂ Whid d&%egéé%ﬁﬁ&dre%ﬁb@%ué % |T9§G

and with the Xenogen for the | ani al tunors where tunor volune wl
det er mi ned seLNFA3, alXegoitbtidiRiprovedgiropertids| thatlyesudtdimen preert targatedaletivery of

once/ week dur | reat npent .and i medi ately.a t reat nent, has en
BT et hrBOEME SRulEf e s P DM, phie PO e Ao Gides

wi il be takeﬁbsglb%tﬁeﬂ'@aﬁ@erh)nto%%ngﬁl@Ulfhe?éigrecQﬂ@gpprbﬁﬂhfha@fth@ﬁ&gnﬁdl ssye Wil
be used for the analysis described in AimIl and the renai nder exam ned by

hi st ol ogy f odevalmpkéinio ohevadesstods.snqr¥ gffadive tivaapratie reginemfid thegreatment of
prollferatlo(g &ﬁ%&ﬂet Ki67, One day after treatnent has ended, 3 mce wll
be humanel y E %gﬁrcgﬂ‘&er%ecropm ed by a commrercial CRO (B| oRel i ance,
Rockville MD) to | ook for differences in myelotoxic effects and | ynphopeni a
associated with TMZ. In Vitro Results

Experimental Approach
[00218] The experiments are designed to demonstrate development of a new, more
effective treatment regimen for GBM with use of scL-TMZ, both alone and when used

in combination with scL-p53.

Human Brain Tumor Cell lines and In Vivo Models

[00219] Human brain cancer cell lines U87MG and T98G were described above. A
version of U87MG that stably expresses the luciferase gene has been obtained from
Caliper Life Sciences for use in in vivo studies where tumor growth and response will

be monitored by the IVIS® Imaging System Xenogen. -

Imaging Protocol



- 47 - [00222] To test the hypothesis that treatnent with scLp53 could down
nodul ated MGMI activity and sensitize TMZ resistant brain tunors to this
drug, a prelimnary XTT cell survival assay was perforned. TMZ resi stant
T98G cells were plated at 2 x 103 per Il in a 96-well plate and
transfected with scL-p53 in conbi natréﬁ@with either Free TMZ or scL- TMZ

The cel re al f I; i r I - e XIT
assay WAL ? o7 I AR 6F bRl RubdfS gl Bl B oh WSHT Bkl Hiomsld

yi el di ng 50%Bytepiot,nM AN héxiZdntad ) spdéett@ndteriamgerT wathsi @Ot emnbort tdyuipped poith | n
conbination with either free or scL .conpl exe%ETNZ,re$§l ted in RE i n¢greased
| evel of redY988RssEBBHTEBagheLrHlens p byNpravisiont-& seftwdhs TREIPER&t ant
cell line (Ratila1Ric POr i lddstAtd e AUE

Vawr ows ky sz%’tbbs?}i n PQK?l Ié‘lleggc}ﬁédKaf‘frgoHo B Eauid) L) (i FORHE %h?g%f%)n W
Tenozol om deheldinmenrsjortab irfaging s&@pichse by peeviulsly dasogbadofiEdggbland, VarbdlelJe
Based on Pol y(Beta- .- i id) har. eutical e 27, 2317:2329)
(Fre 1) wEeve: O Wilinb s b MRS S sid ATEAY) Eberaho RoR AL
scL- TMZ nanolca‘ilrfﬁ|a§%lbﬁ§9%ﬁtﬁ:@eih@\@re§(bgﬁ$iﬁg‘I%{HS &Y BlodRf o CHARRSENS DisedRt | ON
to the drug. Exanple 10 1n Vivo Targeting of éancer Stem Cel | s by

Syst emi cal | yEuseprianiJerrapleaf NyirosCipnpe 236 AP SR8N8k Brai n Tunmor Model

[ 00223] Human brain tunor xenografts were induced in nude nice by

subcut aneous i nocul ation of U251 cells. Three weeks later, the mce were

| . V. inject eentbrishafidrAWF PN/ifd OFfihg/ ofMRUBEMAARIoNE Sdndr BACambaiatibe rwith
unconpl exed free 6FAM ODN, scL-6FAM CODN (scL-CDN), or the unliganded

Li p- 6FAM ODNCEtM3@ | i posone without the targeting moiety) (LIP-CDN). 24

hour s i Nj ecty . wer.e i ' t #/g%g TM 4 i VO

fl uor eggginzcl i rragllh(rPlﬁg;éSg %@?@%ﬁqﬁgﬁgg\t@rc %ﬂgg%?ﬁgnﬁg‘g%ﬁalow uor g{svg)e%ﬂcdeﬂf?grgt he

E) unors. Af tCI qTMA e&distant)Veubtagindgus Sinivgl Roddd Mall wer wset 20| extamithef theneffdee of unor s
y enzyne digestign, and the anmount of 6FAM ODN upt ake jn 133+ ( Cancer

Stem Cel | (GSE:)SM%ﬁh)“eBE@BLC%ﬂb?ﬁt@gdlﬂb%Hg3MWé&°&%l %ﬁ??ﬁﬁl%cqby

FACS. Syst engg,ad{g ﬁﬂ@ B i Rﬂm%fh tpgﬁm ﬁé’sewpgfé\ﬁMcl%Q&d%'JiQﬁFHgﬁ&hsEiiP' CDN
resulted in very little, |? any, uorescence In the tunors. In contrast, a
strong - 4&bservbdiohes dEiTciatracrgmal tunass @vd tteated withtthe combmatién ofrs¢lhpShrouse

‘that received the - nanoconp) ex (FI G, 20). 224] Mor.e i nportantly,
this signifi®4 5% L (RS Sliion GG rO o STy [t vei)
efficiency qhjetiRins dffFrée TR alodNEEICTMZ BRSe,IS0R P53 QT6RS s E%Nﬁﬁﬁs aed Thipn- CSC
cells were transfected with the free or unliganded 6FAM , >60% of both

'CSC and non-@@Sc.dME. PYuimatest misasvil semya ss eentends. t Hee pdedoseiwdll be 3Qugimpusel oad
after |.V. i.njection .hi st ogr epresent .untre d control .These

i ni ngs corifiertin At T4 Ki1LbEt S L Rgkenper B SR B af Rt el ryle ot em
descri bed hey&ikly fr'F Wadl@eTube ghfvith GhiaBitlon/ré@bdsikar wiibyd aadssed ®ySHesfor n

VI VO.

T98G and with the Xenogen for the intracranial tumors where tumor volume will be
determined by MRI. Xenogen/MRI imaging will be done pre-treatment, once/week
during treatment and immediately after treatment has ended. Half-way through
treatment, tumors and various normal organs and tissues will be taken from 3 mice in
each group and coded. Half of each tissue will be used for the analysis described in Aim
II and the remainder examined by histology for markers of apoptosis (Tunnel, Caspase
-3) and for proliferation marker Ki67. One day after treatment has ended, 3 mice will be
humanely euthanized and necropsied by a commercial CRO (BioReliance, Rockville
MD) to look for differences in myelotoxic effects and lymphopenia associated with

TMZ.

In Vitro Results



Exanpl e 11 Tunor Specific Targeting of CSCs in I C GBM by scL-Delivered ODN
After System c Adm nistration [00225]FI G 22 shows the conparison of in
vivo delivery efficiency of payload delivered by tunor-targeting conpl ex,
non-targeting conpl ex, and payload it Zlf Wi t hout the delivery systemin an
ani mal nodel of intracranial US7M>1uc2 glioblastoma nultiforme (GBM brain

tunors resc i

encaszP@ﬁE in ?lu%tmlt)%gt ttgesggﬁ&gésc%?r%tiégggﬁc%ﬁ&%ﬁgm%ﬂ)repare dulated

descri bed i MGMT aEﬁi\h@nindl\k‘tnsﬁz? SMBB&)stzmt b@a)ﬁplhlﬁﬁﬁstowhlkhimg aprehmmary
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Single cells were iso frombrain tunors and subjected to FACS anal ysi s
af ter st ai nilngombinatigsithwitkerriregror splogoreplex @I MZFesudied Ssmninerepseditpeel ohi f t
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m ce recei VlmﬁtﬂﬂahAn%@!L, mgmmlﬁ@m@aai Bl Hd Jawswgwréwg@m AsBhiatP, Kj Bdtieat i ng
that neither the free nor the Lip /5- ODN (wi t hout the
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brain tunor Rekirsh t27: fppr 231—7!-1329) c(ﬁmu%)erl\amuwrp cagu@m:tethNZfred”uchZ) dbsree, n
tunor derived L%? and 25 &;,"ls re trea h, TMZ al on or tg

conbi nationtfj"ln RAPOTh | Wih isﬁ 3t ??@ﬁ%ﬁ@am geltpd pa e | FETeent Pt Einef no
7,780, 882) . gscq‘ QA Gdn 1ot ihgher e al so treated with the conbl nation of
TI\/Z and the sc?_‘l del1very system carrying the same vector used to construct
the pSCWp53 pl asmid, but without the p53 insert (scL-vec). The cells were
plated in a 96-wel | pI ate and treateg 24 H rs later with scL-p53 or
scL-vec. 6 hours post-transfection S added in increasing
concentrations. The XTT assay was perforned 144 h after the addition of the
TMZ to the wells and the 1C50 val ues (the concentration yielding 50% growth
i nhi bi ti on)/néter Tangetingof Cmrer StemcEtlls biyn®gstangcklip wdministereénsi ti ve
to TMZ, it was not UREKRES ei'i'ﬁtaMEﬁfsé BYa$n SHRof REp@Lse to TMZ al one.

However, as shown in FIG 2 there 1s significant 1ncrease in
sensitization to TMZ when the cells are transfect_ed with wtp53 delivered by
t he scuﬂwalver y Bymar brawn ¢emennewgedtst wergNEduded e nude nbio¢ by cmbtuthnaoys .

Mnimal to no siti and U251 res ectivel S .observed with
t he conpl ex 183? %}}oﬁ‘g fﬁje%gnf) 58\2/%’5?6 v ee rﬁ)tﬁfstt ST ‘F%’Zﬁty\? dUEFPL W S que
to the p53 asFAMOODNE DGl Mﬁfuye)sada{@mere{d%?ezthkmmmexeas&&rdmm Gbhset of
brain tunor patients respond to TMZ it was
scL-6FAM-ODN (scL-ODN), or the unhganded Lip-6FAM-ODN (the liposome
without the targeting moiety) (LIP-ODN). 24 hours post-injection, the tumors were
imaged using the Maestro™ in vivo fluorescence imaging system to determine the level
of fluorescence in the tumors. After Maestro™ imaging, single cells were isolated from
the tumors by enzyme digestion, and the amount of 6FAM-ODN uptake in CD133+
(Cancer Stem Cell (CSC)) and CD133- (non-CSC) cells analyzed and quantitated by
FACS. Systemic administration of both free 6FAM-ODN and unliganded Lip-ODN

resulted in very little, if any, fluorescence in the tumors. In contrast, a strong



critical to assess the ability of scL-p53 to sensitize TMZ resistant tunors
to this chenot herapeutic agent. Thus, to assess the ability of scL
delivered wp53 to sensitize TMZ resistant brain tunmor cells to this
first-1ine chenotherapeutic agent, hu n brain tunor derived LN-18 and T98G
cells were treated with TMZ al one, of "'the conbination of TMZ plus scL-p53
(FIG 23). r I e. a a .t of
TMZ and t he scﬁe (gi‘%%l ng y'a11 g‘%sst g‘rlrl]\ﬁglétr 1rnyh?le n{nIEl(gr Iggﬁlemveeg}owg tﬁaqg)% t %e%:%ﬁg ruct
t he pSCleS%c]DJCHBWndnodw’Lplw (FIGU20)t he p53 insert (scL-vec). The cells were
- 50 - plated in a 96-well| plate and treated 24 hours later with scL p53 or
scL- ved%0224] hour Meyss ﬂmW%lﬁ’edblso significantTdtfcrance, ws g akse T‘ﬁ]@?téés}nnd
concentrati dﬁ‘i% f orymedr, t [ qthe
TMZ to the %}ﬁffe&ﬁd%fﬁ%wﬂ?%% va u@(?pe co%%gnﬁsgﬁ%n@égﬁﬁ%g gr owt h
i nhi bi ti on) Niei-E8Ei delld wefs trahsdfedted withl the 28 omudmghﬁdeﬁ%fb@w—@m\af%@% of

transfection stant cells are n res d|n to
cven very | ORHESEE Ao T SlmePt RN B PP S DT 2P o
dose of TMZ1as iLQuigs &9%&@%@&@&5& Iwe@écpe&mdw M&b&hn&fﬂ §b&mr§ﬂ cant
cell death is observed until a dose of -1000uM Wth the T98G ceIIs (FIG
23), al t houdghatrvath a§tem,xs pdmngriisteatian, the sqlvHelivery Kyst@n desasibed hergimennt taggict h
scL-p53, thes sista are .al so sensitized to the killing
effects of taﬂﬁgﬁt‘g %#ﬁéefcpe"?/r"éd% fe&é?%%m\/\‘i”f% scL-p53 prior to exposure to
TMZ have an | C50 of 600uM whi |l e those receiving TMZ only do not reach |1C50
until the TMZ dose is - 2000uM As above, there is mnimal or no effect on
the response of the cells to TMZ af t Bkampd@dflecti on with the control

scL-vec indicating that the response in these resistant cell lines is due
to the presence of wtp53. Exanple 13 In Vivo Sensitization of Brain Tunor

gel I's toTIRABES @IB?%LGTQF Aindyf BSTEM K@IGBMW ngml%égalemT‘BAEﬂémg ]
egression in ah Intracrania rain ncer | nduced by
Systenmic Treatnent with the (,83%#%15%% f@l& [853 plus TMZ [00228] An
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sensi tijgeaaspn of HIG. D2akkovidiiy sothpartvE &Iy irs yolbedeld ead rfidisicdyabl @Byl@fid
scL-p53 prepared as described in U S Pat ent No. 7, 780,882. UB7Mz Luc
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the curve in each histogram in qug (32 represents Cy5-ODN uptake in cancer stem
cells. Only the curves representing the CSCs isolated from the mice receiving the

. scL-Cy5-ODN demonstrated a significant shift, indicating that neither the free



[ 00230] To confirmthe biolum nescence findings, the mce were al so i naged
by MR, wi thout contrast agent, before and after the mce received 3 weeks
of treatnent. The tunor regression observed in the conbination treatnent
group by biol um nescence was al so obsggved here. In FIG 26 the outlines
indicate the glioblastoma tunors. It I'S evident that instead of increasing
in size pos r SRV - ups,
any resi dua}cbisuéngrrl\trlﬁs tggfdflg §: }ﬁedt)ggﬂgg h@#tﬁ@ﬁ%&@%&@%ﬂﬁ%{@ﬁ% %f?gg(gi ved
bot h scL- pSITS0win ThMbraibhvemet.ore, this experi nent denonstrates that the
presence of scL-delivered wp53 can sensitize GBMtunors to TMZ leading to
significant tunor response (regression) not just tunmor growh inhibition.
Significantly Increased Survival of nﬁA cg@?ea} ing Intracranial GBM Tunors
After treatment with the Conbinati onPéf4EE 1p53 and TMZ [00231] As the
above experinments denonstrated significant tunor responses, including
regression post-treatnent, the effect of this conbination treatnent on
survival was next asdesEirh Seagitzation ofeBognalumioraiehlsttanor s wer e i nduced

in nude mce as describe i ation, tunor-bearing
d[éﬁ_@%_@lorﬁﬁled@]ﬂﬂ% ng&&ﬂ

5
animals were i.v. tail vein injected wth TMZ al one (25.0 ng/kg/injection),
scL-p53 al one (30 ug DNA/ nouse/injection) '(prestpar ed as described in U S
Pat ent [8@226], 730, BBasessrtha mhility) of eeth delétereshwin Bhiossensipzabraps tumaroistlp 62, one
group received PBS.(vehicle). Al iyx\ 10 i on 5 ggggn t week
to atotal o rStlltl)nei Cr*ﬁgfé‘é’h%a se?m eng%%bgm%ﬁ?%mﬁtgﬁp‘f@%%g% - Atn?in[gssﬁ\%gg and

eut hani zed whas tihted Bt TMIhgloh € Soutlthes corabiahtyareof DyIZKplnk 3cE-B3 ¢prepmedas, are
shown in FIG 27 and_Table 1 bel ow. The&ay bar in FIG 27 indica éﬁethe

~ 52 - dur atdeserbsd i Lehihagsnt Noa7/80.88R) w2 sprirRd. <ehls weme alse geed W

survival for i i j i S1: j I i th
ays. WevV edons t p u missecteés 8c)! sacie t i on
of .scL-p53 tqQ the treat t regi men. t hese ani al % of  the m ce were
St 1] survi VMg Bt & SRt paoriEr Bt RS SREM IR 95k P OF SHRET GNP i co
recei ving { gy fOHoARL! @0 1N WRMLARS it [0 AR ntlRtariBhs. e W aRkpd

m ce, 500 tinmes that of scL-p53 al one an twce that of TMZ alone.

Thus, this adahipegfosotd p&Bh aiterttheadditiort ofithe AMIA/D the wglls and the ICsivghvies (thant

Increase in cloggglt}a%&rln ylsellJ II\l/é g@‘JA)'gTothi'ﬁEllBEio]h) dgtrerergltngg.nks these two cell lines are
known to be sensitive to TMZ, it was not unexpected that there was some response to
TMZ alone. However, as shown in FIG. 23, there is a significant increase in
sensitization to TMZ when the cells are transfected with wtp53 delivered by the scL
delivery system when compared to TMZ alone for both cell lines. Minimal to no
sensitization (U87 and U251, respectively) was observed with the complex carrying the
empty vector, demonstrating that the effect is due to the p53 and not the delivery
system.

[00227] However, as only a subset of brain tumor patients respond to TMZ it was more
critical to assess the ability of scL-p53 to sensitize TMZ resistant tumors to this
chemotherapeutic agent. Thus, to assess the ability of scL delivered wtp53 to sensitize
TMZ resistant brain tumor cells to this first-line chemotherapeutic agent, human brain
tumor derived LN-18 and T98G cells were treated with TMZ alone, or the combination
of TMZ plus scL-p53 (FIG. 23). As a control, cells were also treated with the
combination of TMZ and the scL delivery system carrying the same vector used to

construct the pPSCMVp53 plasmid, but without the p53 insert (scL-vec). The cells were



n Medi an Survival (Days) Survival Prolongation (0k) Log Rank P-val ue
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plated in a 96-well plate and treated 24 hours later with scL-p53 or scL-vec. 24 hours
post-transfection, the TMZ was added in increasing concentrations. The XTT assay
was performed 72h after the addition of the TMZ to the wells and the ICs, values (the
concentration yielding 50% growth inhibition) determined. As shown in FIG. 23 with
LN-18 cells, after transfection with scL-p53 these TMZ resistant cells are now
responding to even very low doses of TMZ. More than 50 % of the cells are killed at a
dose of TMZ as low as ~50uM compared to TMZ alone, in which no significant cell
death is observed until a dose of ~1000uM. With the T98G cells (FIG. 23), although
not as responsive as to TMZ as LN-18 after treatment with scL-p53, these highly
resistant cells are also sensitized to the killing effects of this drug. The cells treated with
scL-p53 prior to exposure to TMZ have an ICs; of 600uM while those receiving TMZ
only do not reach ICsy until the TMZ dose is ~ 2000uM. As above, there is minimél or
no effect on the response of the cells to TMZ after transfection with the control scL-vec

indicating that the response in these resistant cell lines is due to the presence of wtp53.

Example 13
In Vivo Sensitization of Brain Tumor Cells to Temozolomide (TMZ) by

Systemically Administered scL-p53

Tumor Regression in an Intracranial (IC) Mouse Model of Brain Cancer Induced by

Systemic Treatment with the combination of scL-p53 plus TMZ

[00228] An experiment was performed to examine tumor growth inhibition induced by
the sensitization of IC brain tumors to TMZ by systemic administration of scL-p53
prepared as described in U.S. Patent No. 7,780,882. U887MG-Luc xenograft brain
tumors were induced in nude mice by intracranially inoculating U87MG-luc cells. This
cell line, obtained from Caliper Life Sciences, has been modified to stably express the
Luciferase gene. 10 days post-inoculation, tumor-bearing animals were i.v. tail vein
injected with TMZ alone (5.0 mg/kg/injection), scL-pS3 alone (30 ug
DNA/mouse/injection) or TMZ in combination with scL-p53. As a control, one group
received PBS (vehicle). All i.v. injections were administered 2X/week to a total of 10
injections. To assess tumor response, Biolﬁmineséence imaging (BLI) was performed

. ﬁsing IVIS® Imaging System’s Xenogen. FIG. 24 is a comparison of iz vivo anti-tumor

efficacy of the various groups. Bioluminescence signals which correlate to tumor size
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are shown in a color map. Red color (at the top of the scale bar): the stronger signal,
Violet color (at the bottom of the scale bar): the weaker signal. The bioluminescence
intensity of the brain tumors, a measure of tumor size/growth, was compared between
groups using Xenogen Living Image® software and is plotted over time in FIG 25. The
horizontal bar indicates the duration of treatment (Last treatment = Day 24).

[00229] While TMZ alone and scL-p53 alone had some minimal effect on IC tumor
growth during treatment, the tumors in both groups rapidly increased in size after the
end of treatment. In contrast, the tumors in the group of mice that received the
combination of scL-p53 and TMZ displayed not only tumor growth inhibition, but
tumor regression during treatment. More significantly, this regression continued for
more than 20 days after treatment had ended.

[00230] To confirm the bioluminescence findings, the mice were also imaged by MRI,
without contrast agent, before and after the mice received 3 weeks of treatment. The
tumor regression observed in the combination treatment group by bioluminescence was
also observed here. In FIG. 26 the outlines indicate the glioblastoma tumors. It is
evident that instead of increasing in size post treatment as is evident in the single agent
treatment groups, any residual tumor is barely detectable in the these animals that
received both scL-p53 and TMZ. Therefore, this experiment demonstrates that the
presence of scL-delivered wtp53 can sensitize GBM tumors to TMZ leading to

significant tumor response (regression) not just tumor growth inhibition.

Significantly Increased Survival of Mice Bearing Intracranial GBM Tumors After

treatment with the Combination of scL-p53_ and TMZ

[00231] As the above experiments demonstrated significant tumor responses, including
regression post-treatment, the effect of this combination treatment on survival was next
assessed. U87MG-Luc xenograft brain tumors were induced in nude mice as described
above. 10 days post-inoculation, tumor-bearing animals were i.v. tail vein injected
with TMZ alone (25.0 mg/kg/injection), scL-p53 alone (30 ug DNA/mouse/injection)
(prepared as described in U.S. Patent No. 7,780,882) or TMZ in combination with
scL-p53. As a control, one group received PBS (vehicle). All i.v. injections were
administered 2X/week to a total of 10 injections. - The animals were monitored 2-3
times/week and euthanized when moribund. The results, analyzed by Kaplan—-Meier

method, are shown in FIG. 27 and Table 1 below. The gray bar in FIG. 27 indicates the



5 >210 >740 0.0058 *Determned as a ratio of the nedian survival of
untreated GBM xenografts Significantly Increased Survival of Mce Bearing
TMZ Resistant Intracranial GBM Tunors After treatnent with the Conbination
of scL-p53 and TMZ [00232] The in vitrg studi es described above indicated
that transfection of TMZ resistant bfg n tunor cells could be sensitized to
TMZ by tran ' - PRy g&pé : . sess
survival of S(frlr]? %feolng)gg? %cltrr{geﬁ#ntra(}l gm%g?ﬁﬁo&ragéﬂerl rggﬁgrsgﬁ]ﬁ%@&gbgggﬁt

hu mra]m GBM calrhe iniths TRNB Gespbirdivedet] linedsl] of the mier cturhbealan alndistuinor bpeday at ed
wi th T98G hunman gl iqhbl astgma.cell. I jine. Ten days _after. the inocul ati.on,

ani mal s werelsisrfﬁgléa%g?ﬁﬂm u%ﬁé\?éﬁ?@aaﬁ-vﬁng s SErYVElLERe WasE fW\E}ﬁ‘? was
started i medhahghilyMyiRs addiB ST9cL-FBS 1Rk At WBfeBinheh. lTh BRkEshials0800
ng/ m2 of TMZ once a“day for 14 consecutive days, iv admnistered scL-p53
(30 ug DNA idfjtecmianyert ptikpavetngat ddgdd0.i Bberefare,th&% Pavieal privengationgor 882)
tw ce weekly for 2.weeks, or.the conbinatio bot h, t.r ments. Survival
was moni t or Qe TRE RS @Plé gompinafion [egrpen W%Pﬁ& ﬁ}g}eé:}h%(ﬁﬁ%% ,ung?aéedgwﬁﬁh in
FIG 28. Thesoouia thfof SRICH5S HbHé M Oh@EWRcerhatEYT M2 aionel THE &licaddipg each
group. Over this 2 week tinme of treatnent a significant nunber of anjmals
succunbed t schinsBrto teamenbwith TVG@ resulis b atigeificant Gerease flongderal EWvaly or
scL-p53 as a single agent. In contrast, 4 of 5 mce that had received the
conbi nation therapy were still surviving. Thus, this small efficacy
experiment confirnms the in vitro dataTHBLE ndi cates that treatnment with

scL-p53 can sensitize previously resistant (GBMtunors to TMZ. Exanple 14
Enhanced Apoptosis in Intracrani glediBhal Nsdaivar s tl)%gtRQnek Conbi nati on of

“Treatment n  Survival Prolongation P-value
(Days) (%) *
| Unweated 4. . 25. . - . oo |
scl-pS3 5 35 40 0.0117
Sz s a2 s ooos )
TMZ+sclps3 5 5210 5740 00088

*Determined as a ratio of the median survival of untreated GBM xenografts

Significantly Increased Survival of Mice Bearing TMZ Resistant Intracranial GBM

Tumors After treatment with the Combination of scL-p53 and TMZ

[00232] The in vitro studies described above indicated that transfection of TMZ resistant
brain tumor cells could be sensitized to TMZ by transfection of scL-p53. Thus an
experiment was performed to assess survival of mice bearing intracranial tumors
derived from TMZ resistant human GBM cell line T98G. Athymic nude mice were
intracranially inoculated with T98G human glioblastoma cell line. Ten days after the
inoculation, animals were imaged by MRI and evenly divided into 3 groups. Treatment
was started immediately after imaging. The animals were iv treated with 100 mg/m’ of
TMZ once a day for 14 consecutive days, iv administered scL-p53 (30 ug
DNA/injection) (prepared as described in U.S. Patent No. 7,780,882) twice weekly for
2 weeks, or the combination of both treatments. Survival was monitored. The results,
analyzed by Kaplan—-Meier method, are shown in FIG. 28. The number of mice
surviving/group at day 14 is indicated for each group. Over this 2 week time of

treatment a significant number of animals succumbed to their disease in the two groups



scL-p53 and TMZ [ 00233] Tunor suppressor p53 is known to play a role in the
apoptotic pathway. To begin to evaluate the nmechani smresponsible for the
increase in tunor cell response and increase in aninal survival observed
wi th the conbination of scL-p53 and ng the | evel of apoptosis induced in
i ntracrani al U87NG—Iu02 braln tunors fer various treatnments was

determ ned T r 7 unor s
wer e induce éﬂ% scrl géL é%?%g déngé/ %\é&?%o‘%@ﬁlf&gi (h)/ﬁ%é%‘lﬁﬁ éej{h%{eﬂ?& t he
mce were tr:eﬁneadl thiet tbrﬂbmdft&m THeapsl WEE: étﬂl yivignger Thuy emtslmalpefﬁdaajuse 2
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or the conbif I ch animal received a total of
3 injections gs?{tlie?pr\%%i cﬂhﬁ%ﬁdgﬁ%&[sﬁﬁ\;\%%gggﬁani zed, single cell

popul ation isolated fromthe tunors and subjected to.the Annexin V assay.

[ 00234] As shown in FIG 29, there is a significant increase in the percent
of the tunors cells in apoptosis aftExampdatldent with the conbination of
scL-p53 and TMZ conpared to either treatnment alone. Thus, these results

i ndicate t haEnhanaeé Apopsgsisami lnsracyariahBrain Enewbrs diy $83Cbynhihetipt afunor s
results in an enhanced apoptotic response to chenotherapeutic agent TM.
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7,780, 882). e@{)& ?acgl)J UfrialFeSdivdd @‘{bﬁl%ﬁ"@ ctlg&eaf?é?lvlf}ﬁ Weeanﬂﬂﬁlg € d,

protein isolat g mcrograns total protein was e ectrop oretlcally
fracti onat eccutiminirgd.a siNglePéBE pPpdatast 1sbldt@l Foogn dbk emhogednd sulgegédrto gbet o
nitrocellulo n@r ane, and probed for expression of MMl and GAPDH by
Western bl ot‘f%ﬂ?éfry 2828YThe signal was detected by ECL reagent (FIG 30).

[ 00236][g@2341he | MAViNenSK FEGT PB Mhers m%ﬂlﬂcﬂt Gicrélle i p@ll':c%m((%Qhé’ﬂlmors
DNA/ i nj ectl on/rmuse) was i.v. injected three times over a 24 hr period. At

16 and 24 homgHs inadpoptosistadtet Hsatrr@nu_wpsﬂletqoad:nmw of stle-ph$ erd WMZecmparadn zed,

tunors harveste n rotein tra m ce arv d at..each

time. pornt . oviatgy BEEREP 400G, I MG et ande SR SER e Ehg  ams
total proteidiniRistepddesl L3y diel mfdnyori Fexalts anad @ﬂldﬁ%bd'\@pcfpté\ﬂlb set@cast
4-12 %gradient gel, transferred to nitrocellul ose nenbrane, and probed for

expressi on df rapaticgeniTMZ. \est ern bl ot anal ysis. The signal was
detected by ECL .reagent.

Example 15
Treatment of TMZ Resistant GBM Tumors with scL-p53 Downmodulates
MGMT Expression In Vitro and In Vivo



[00237]In vitro, there was conpl ete down nodul ati on of MAMI expression by
16 hours, which lasted as long as 24 hours post-transfection. Simlarly, in
the in vivo study, a significant decrease in the expression of MaMlI was
evident at 16 hours, with virtual elighnation of the protein in two of the
animals. By 24 hours after the last inféction, virtually conplete down
nodul ati on of MGMI was evident in all of the mce treated with SGT-53.

Consi stent expression of GAPDH protein denonstrated equal - 55 - protein

| oadi nq00283¢ | ackrtef phikddfy t@edtRBRt dfheesidthcdamRgEMZNalcadr bakplddEionnof hese

tunors, along with the exQgenous SGI delivered wp53's positive effect on
t he apopt ot i(%'fﬁﬁtﬁ‘m%?‘}m?‘ ynedm;?naf%rw M@B»&%Meﬁarﬁﬁs%@-ﬂw e of
T98G t o t he paighlyi f 0T N {onif i

results wer emg%slggfig%gyirﬁﬁgﬁngrﬁlﬁ g‘%gg%]:?g%§%dn% elﬂrmcng n\f}\%atﬁﬁ%Tg%‘&n ?‘H@ﬁ%n .
In this expeviGMEhactialwpdld ehhincdGhel thebiteiticroffea)ofWMZi . A nuinbpecf egonn| y

once. At various {.i oi nts betwe 16 and. 72 hopurs after the sclL-p5

hi ection, Tege iR e AT oBIE S SPREr9B Ul SN S ERPRRTVROT ed.

~One group apHRACRBhE Penbdchdhd MGMT QA& MG ea¥eTthe Jen VrGLRGE 2B ot al

protein was el ectrophoretically fractionated usi ng a Nu-PAGE Precast 4-12 %
@

gradi ent gelalkylatingizents sechtas TNIZr dbeln viirognd frevive date desgriledindheBxdmples

expression o 53, d PDH . stern.bl ot anal.ysis. signal was
ot ect ed by el PuifainA estdinal sl B Mud reirsB aRitE 1o AT i iy

- ScL-p53 i. V.tuiBf 6€lls. 00ne PBsdible MBahenikM fob hik S¥litiAkioR 33 pp3 FepéndentSdewvi dent
as conpared to the UT_animal _indi catigj{%_t he presence of the exogenous p53.

By 43 and 7eEiationiogiMGMTy Jdptakeef sgbudeliyaed Wipkwasexgminaddp determing if it o

that of the hgg SOOEQ! on MY ?eve{ %%E}Wléipré@&oﬂ DR TV Wstallt tIB?G human

subcut aneous tunors, in these racrani al tunors a significant decrease in
expressi on gflioblabfomaazlle brs etroethdah ibohb sdBoamtbod? x gt ainces. TP&8@tdeRnt

wth scL-p53. This timng faor the observed decrease in MGMI signal is
consi st ent ywqrﬁtr_fdﬁ%eq?@cwghﬁ@npa &éeaar_ sSiesgstbsd fnCseRatert 15?1‘797@@3&2%' to ™™
by interfer 'a!ﬁg W hyr tr-t‘?sz'&‘ferctiGF,Cxﬁ@@eﬁ?%ver@’fn%%ét@dﬁ%omei‘ﬂd 2y Ap&at ment

of scL-p53 and TMZ In"Patients wth d1oblastoma or I 0osar cona
[ 00240] St andaicthgaaing totad proatin ovas efectrephoraically tecticegtedrismga NiaP Ay ERrseasof

Tenozol om de 21 days. To optim ze effectiveness of th tential
chenpsenst ¢ 17t VosradenaE s fo o g e R Gt Aad proed for SEreEt i men
w 'l begin brdawMWehad GABDRZS) Westen bl ahBEEk. TR SRl \mascaéteei&dlg%%fcmave
shown that the vvt{)53 tunmor suppressor gene delivered by the scL-p53 conpl ex

functions t dgeagens(flGz20% unors to the chenot herapeutic agent, naking them

AL 7 Y X TR SRR
DNA/injection/mouse) was i.v. injected three times over a 24 hr period. At 16 and 24
hours after the last scL-p53 treatment, the mice were euthanized, tumors harvested, and
protein extracted. Four mice were harvested at each time point. One group as a control
did not receive SGT-53. 40ug micrograms total protein was electrophoretically
fractionated using a Nu-PAGE Precast 4-12 % gradient gel, transferred to nitrocellulose
membrane, and probed for expression of MGMT and GAPDH by Western blot
analysis. The signal was detected by ECL reagent.

[00237] In vitro, there was complete down modulation of MGMT expression by 16
hours, which lasted as long as 24 hours post-transfection. | Similarly, in the in vivo
study, a significant decrease in the expression of MGMT was evident at 16 hours, with
virtual elimination of the protein in two of the animals. By 24 hours after the last
injection, virtually complete down modulation of MGMT was evident in all of the mice

treated with SGT-53. Consistent expression of GAPDH protein demonstrated equal



- 56 - have the benefit of the scL-p53. Using the proposed schedul e shown
in FIG , scL-p53is being expressed at the start of tenozol om de treatnent.
[00241]In an alternate enbodi nent, two scL-p53 treatnments will be

adm ni stered before the start of tenpzolom de treatnment. Here, scL-p53 wll
be admini stered on the same schedul ed®?hdicated in the table in FIG 33,

bea! nni . _ . . _ . 1 ba
6 renozol ofrerat it EeThE T MOME ko ot 6 EPATE Bhmble Indla BETMIZ M DY
(i ncludi ng veskentss, dlohg #lthdhy sxddenows SIBY delitered antp53069 podmivglifert il the

Preparation of Targeted Cationic Lipgsonmes Conprising Ml phal an ( MEL
Material s: [EDOR2DS pashapy( ikdy playscolole 3 ovsrepnHy Bamfstistanseplop23e o b ori de

salt) - Ootaiphad, EFOMR AVpRfA Polar Lipids, Inc. Cat. #890890E, MW 698. 55
Concentrati on: %E rrégi%rrL etzhanol solution Dilute lipid to 20ng/ nlL with

absol utjer238hanol Nbereaignificnetly,GRAE]rEXURE were observed in an intracranial tumor model
Lipi ds, 1 mo wisat o8 (BB 253 o bl Pacw ot CoRleBa (4 U0HE DOGVPRE) Behdtiol |
sol ution. Dihjetiga bhii sheb CALFAEEint Sdin@BeR)deha 683U ouREE R hdISE 53
' injection, mice were euthanized, tumors harvested, and protein extracted. One group as
a. control (UT) did not receive SGT-53. 40ug micrograms total protein was
electrophoretically fractionated using a Nu-PAGE Precast 4-12 % gradient gel,
transferred to nitrocellulose membrane, and probed for expression of p53, MGMT and
GAPDH by Western l;lot ana1y51s The signal wés detected by ECL reagent.

[00239] At 16 and 24 hours after the single scL-p53 1.v. injection, an increase in the level
of p53 protein is evident as compared to the UT animal indicating the presence of the
exogenous p53. By 43 and 72 hours this signal had decreased back to a level similar to
that of the UT control. More, importantly, as observed with the subcutaneous tumors,
in these Intracranial tumors a significant decrease in expression of MGMT was
observed at both 43 and 72 hours after treatment with scL-p53. This timing for the
observed decrease in MGMT signal is consistent with the mechanism of action of p53

in sensitizing cells to TMZ by interfering with DNA repair mechanisms.

Example 16
Combination Treatment of scL-p53 and TMZ in Patients

~ with Glioblastoma or Gliosarcoma
[00240] Standard administration of temozolomide requires a daily dose of
Temozolomide for 21 days. To optimize effectiveness of the potential
chemosensitization of scL-p53, in a preferred embodiment, scL-p53 treatment will
begin 1 day before temozolomide treatment. Pre-clinical studies have shown that the
wtp53 tumor suppressor gene delivered by the scL-p53 complex functions to sensitize
tumors to the chemotherapeutic agent, making them more responsive to the drug. Thus,

it is critical that p53 is being expressed when temozolomide is administered in order to



[ 00244] Mel phal an Hydrochl oride (Mel), powder (MW = 341.7) -Obtained from
Si gma, M2011-100ny, - Dissolve in absolute ethanol to a concentration of 50
ng/m, with 10-15 ul of 6N HCl to aid in dissolution [00245] U tra-pure,
endotoxin free LAL Reagent Water (e.g, BioWwittaker, Cat.# W0-500,

endot oxi n <0.005 EU m ) [00246] I nj ect 9P~ Hamilton Gasti ght Syringe, 1 m

Ham | # ] : :
[00247] 1. Fr dRFe b0 ehdit o 15343 REE s roRLd pehddyll Dol BT Stepsiis
absol ut e et iR expfesdedcd feasirt af teMdzolbmddk thgptwtnt( 146. 3 with the addition

of 6N HCL - 57 - (-10-15ul) bg_ vortexing at high speed until dissolved
(must HR0241%ar) . Ipgn aligrnate sobrdiaanb Mo s¢lePohrpatmenis will be giministensd betoress

(Step 3 bel gy ﬁa%%?%éﬁ%@ﬂiﬁ%%eb&&hﬂ BRAULOPS3 Fin B alttnfRbiertd ohIndbdine

foll owi ng whic l'ace
scheduled indicated in the table in FIG. 33, beginning on Day 1. However, the first

TMZ treatment will not be until Day 6. Temozolomide will be administered orally at
: 100-250mg/m2 every day (including weekends) for 21 days (from day 6 to day 26).

Example 17
Preparation of Targeted Cationic Liposomes Comprising Melphalan
(MEL)
Materials:
[00242] DOTAP (1,2-dioleoyl-3-trimethylammonium propane, chloride salt)
-Obtained from Avanti Polar Lipids, Inc. Cat. #890890E, MW 698.55
-Concentration: 25 mg/mL ethanol solution
Dilute lipid to 20mg/ml with absolute ethanol before use
[00243] DOPE (1,2-dioleoyl-sn-glycero-3-phosphoethanolamine)
-Obtained from Avanti Polar Lipids, Inc. Cat. # 850725E, MW 744.04
-Concentration: 25 mg/mL ethanol solution.
Dilute lipid to 20mg/ml with absolute ethanol before use
[00244] Melphalan Hydrochloride (Mel), powder (M Wt = 341.7)
-Obtained from Sigma, M2011-100mg, -
- Dissolve in absolute ethanol to a concentration of 50 mg/ml, with

10-15 ul of 6N HCI1 to aid in dissolution

[00245] Ultra-pure, endotoxin free LAL Reagent Water (e.g. BioWhittaker, Cat.#
. W50-500, endotoxin <0.005 EU/ml)
[00246] Injector: Hamilton Gastight Syringe, 1ml (Hamilton #81230) with a 22 gauge

needle, part #81365)

Procedure:
[00247] 1. Fresh Mel solution is prepared each time by dissolving Mel in absolute
ethanol to a concentration of 50 mg/ml (146.3mM) with the addition of 6N HCl



lipid solutions in a 65 C water bath with occasional shaking for 5 mn.

[ 00249] 3. To prepare the Lip-Mel: Place a brown glass bottle with stir bar
on a hot plate set to 50C to 60C. Wile stirring at high speed wi thout

spl ashing, add the lipids and Mel to t5 e bottle in the follow ng order

(i nmportant): [00250] For 1:1 (Lip:Mel)- holar ratio DOTAP175 gl (of 20 ng/m)

= 5 innol or ) I d Mel
soln., 68.3 dl ig(z §f() ﬁﬁ%o%ﬁjfn%z ng_atjl%gh%g ed%%oﬁl Sjr%%ﬁ%- rgﬁ“%{{’% cl ar)r :%)ﬁ a{‘ﬁm ter
all 3 have hexaperatilxdednt[mx@é’cﬁfbhﬂ;xl\mth hipideestep Brselowdar m 4, 569 ulL LAL vvat er to
65 Cin water bath in brownlglass bottle with stir. bar, | mrediat rior

to addilPP8lor tre Li dilacesid splutionsst, 37n§v@rﬂﬂé555ms follopdng, whish "I“é?tt (50 -
pubb es 1 r onti SStubns'th 4es°PRERNA IR SRR Miditofs kil Be?, 1O remove

Cont i nL[G()BtQ]r r| ng.t he ”DmpreparatheIlngIMslpMe(a\hrcb\hmgtassh:ﬂtﬂshziithg)ir letronradot i pi d
addi ti on. m Xi i pi, as ahove (St 2), j.medjately and as
rapi dl y 2s REEsHIE 58%5 r@ ‘shsﬂp&ﬁﬂmr&ﬁ%\ﬁ% wged gg‘i‘trf%’Ié’é}PP&ﬁ%da&? ¥ he
m xture int Oanhfl@el%fthé’ﬁ}t@émQHeth)“hﬁ’é oRleAlifpbrihey: 60 C) directly into the

center of the vortex.. Continue stirring on high speed (w thout splashing)
for 1 rO2Mter thes laddiipMd) wolar kasid | pid mixture Wm I e I oosel y cover ed.

Slonl'y until the PRAEET) Sovered sol trratt dabrChEmfi bro8l e trhom
tenperature) DOPE 187.5 pl (of 20 mg/ml) = 5 pmol or 3.75 mg
Add Mel soln., 68.3 pl (of 50 mg/ml) = 10 umol,
Continuously stir for 3 min. after all 3 have been added
[00251] 4. In the meantime, warm 4,569 ul. LAL water to 65° C in water bath in
brown glass bottle with stir bar. Immediately prior to addition of the Lipid-Mel
solution, move the bottle to a hot plate (50 °- 60° C). Stir water at high speed with no
splashing for a few sec to remove bubbles from the stir bar.:
[00252] 5. Keep the water on the hot plate. Continue stirring the water at high
speed (without splashing) during lipid addition. After mixing lipids and Mel as above
(Step 2), immediately and as rapidly as possible, uSing the Hamilton syringe for
injection, inject the mixture into the hot water on the hot plate (50° - 60° C) directly into
the center of the vortex.. Continue stirring on high speed (without splashing) for 1 min
after the addition of the lipid mixture vahile loosely cove_red.
[00253] 6. Move the glass bottle to a RT stir plate, and, continue to stir slowly until

the loosely covered solution cools down to 20-25°C (room temperature)

[00254] 7. Adjust the volume to 5 ml with room temperature LAL water.

[00255] 8. Filter the solution using a 0.22 pm pore Milex GV filter.

[00256] 9. Measure particle size and zeta potential if desired.

[00257] Results of these preparation methods demonstrate liposomes having a particle

size of about 20-60 nm and a Zeta Potential of about 10 to 50 mV.



[ 00254] 7. Adj ust the volume to 5 mM with roomtenperature LAL water.

[ 00255] 8. Filter the solution using a 0.22 p.mpore Mlex GV filter.

[ 00256] 9. Measure particle size and zeta potential if desired.

[ 00257] Resul ts of these preparation me hods denonstrate |iposones having a
particle size of about 20-60 nmand a“Zeta Potential of about 10 to 50 nV.

- 58 Exanple 18 Preparation of Targeﬁ%& iltgni c Li posone Contai ni ng
Mel phal an (scL/MEL) Wt hout Chem cal u%_;at ion (By Sinple MXxing)

oot IR e SRS BP0,
comPL e, 25, (oo C PN GUCRERAEH ClnRIgRRh (5 SHBVE Mgy Eporer

accor dqoexssp t h tihend ahd MMEDGoppFieing! cqtionie tigbemdsOPRp&Ed acthiding to the
| i posome-water (or buffer) the appropriate anount of targeting noiety is

y
added to gi weogeHBregdaserikd abaveothenigand tagetsd MER: sationisykipaspms eompleXsat onds.
The targeti ' J [TNeE:Tolo ANy ' | M t .
transferri nr}%?éﬂygﬁg%g%ﬁgrp p%t éirH pro lginﬁ@ﬁg%tf@%a%%ﬁoggﬁ%gh g‘ﬁhgg%ticgglai/cagr an
ant i body fr agnmgbtidrhaThd prepatsomot thiel cosipldxas evas &c eqbatancawith dhafpliobutg not
limted to the t{ansf rrin or HER-2 receptor (e.g., TfRscFv). This m xture
is kept at r&SBYFPtRIREEMS S ure for 10-15 minutes (again inverted gently for

5- 10 Sqtﬁgzgi? af t ef, meﬁégemwey@ HERH RS Apprdfitiard ﬁh&arﬁ B?taﬁgéimg%i{:twél

vol ume argeting I ety-Lip-MEL adm xtureis m xed wth any vol une

(i ncluding redded tofgiveatherdegised taiiol gnddeiixad be gentdet exversiom & 10udebendsof Thay pH -
i ncl udi ng, but not

L O N R O AT

5-10 secondsytheé? prbtéins. T SanMAl¥d BE Gn lahitiK&BL orddn £ABOUY EABREM thhtafgts d BellS

m Rﬂ: 22) ( agaslupfaclzenl\'/e?:ggtgrd in%ﬁlrc]ﬁrlg%/ bL‘? Lotﬁ;mlgedst?)ct(l)lg (zrsangtfeltrl%r oralE)IE{I(-)2X irergglt)t((a)lr >(/e. g5.,
TfRscFv). This mixture is kept at room temperature for 10-15 minutes (again inverted
gently for 5-10 seconds after approximately 5 minutes). To yield the desired final
volume the targeting moiety-Lip-MEL admixture is mixed with any volume (including
none) of water (suitably deionized water) or a buffer of any pH including, but not
limited to, Tris buffers, HEPES buffers or Phosphate Buffered Saline, required to give a
desired volume and inverted gently for 5-10 seconds to mix. This mixture is kept at
room temperature for 10-15 minutes (again inverted gently for 5-10 seconds after
approximately 5 minutes).

[00260] Typically, for use in an in vitro assay, it is desirable that the amount of MEL in
the final complex is in the range of about 1 pM to 30 uM per well; for in vivo use, it is
desirable to provide about 1mg/kg to about 50mg/kg of MEL per injection. For use in
vivo dextrose or sucrose is added last to a final concentration of about 1-50% (V:V)
dextrose or sucrose, suitably 5% dextrose or 10% sucrose, and mixed by gentle
inversion for 5-10 seconds. This mixture is kept at room temperature for 10-15 minutes

| (again inverted gently for 5-10 seconds after approximately 5 minutes).
[00261] A specific example for in vitro transfection at a suitable ratio of 1:30 (antibody

fragment:liposome, w:w) and 1:1 Liposome:MEL (molar ratio) is as follows: For a

final volume of approximately 600 uL, mix 250 uL of Lip:TMZ (2 mM stock) with 56.7



[ 00260] Typically, for use in an in vitro assay, it is desirable that the
ampunt of MEL in the final conplex is in the range of about 11.1.Mto 30

1. 1M per well; for in vivo use, it is desirable to provide about Ing/kg to
about 50ng/ kg of MEL per injection. FSB use in vivo dextrose or sucrose is
added last to a final concentration o0f”about 1- 50%(V'V) dextrose or
sucrose, suita dxtro %.SUsLOSe ent | rsion
For 6:10 sechtaniBia LaT T AR BeeRDl b S Pl Ry Frehie

m nut es (agngRchVFé&ﬂént%%h'oY 0f22"m@mi0. A6@99ﬂ§pﬁfo‘fﬂfate@695ﬁ)ﬁférrmt ely 5
m nut es) 0261] A specific exanple for in vitro transfection at a suitable

ratio d002_l.6230 (ar'llfhebfoz;h/ (ﬁunmﬁwtragﬁ)p@%mﬁnahqmnpéﬂdplrpiredlkp’o‘él@neethﬁ‘ﬂ_ i§ nol ar

ratio) is ag follo final. ne, roxwratel 250
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c

t

The size (numﬁélsuléab&* é@;éq SQm %@etqrmmeddqy@méml%hg}ﬁeﬁﬁwr@g ushHig
bet ween abo 11026} pAH 0I(I?ns srr}e us}ntaﬁbelng %ehbt]%uetfffim nti 9911' U tﬁ?%%%%‘u&fgg%

about 20 to W th 2 Zet apoten Ween 8
nore sui tabIty:d5oﬂc@osﬁ(3hemﬂoadilﬂra'ilinsirnsu|ahdibday:hﬂl&thmoﬁeéﬂd as deternined by

dynamc | ight scattering using a Ml ver etasizer ZS. This size is snall
enough [P826 1 i ci ek 90rﬁgl§§ RIRPFBEG 3S tdac nti.?ﬁo‘r‘ oaspffqnﬁaamyg trogg OF SYS9S¢ he

bl 0od brai n (pan oDl BRAEIAR AT 158hli%ed kOORAITORA SRFR! SXrRepar ed

as descri bed above contai ning dextrose or ucrose (1-50% volune to vol une)
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or -20 to -800C._ The les are.r ont| W|th rior to.use. The
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about 20 to 200 nmand nost suitably 50 to 150 nmwith a zéta potential of
bet ween aboutm andnwst 90tahly, Shter O0sum tveithl 3/ z8a pote6Galmyf mmmputshanéﬂﬂ)@/ 10

to 50mv de ht Ly -
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activity. ExgmpkatiéAng 0siheadesvehiRedsizef 7281 Mhdfelcopldrespétainak I1 Gspared to

Free ( unencaﬁsul ated) MEL
e original blolo gical activity.

Example 19
Increased Effect of Lip/MEL On Tumor Cells

Compared to Free (unencapsulated) MEL

[00264] The scL/MEL nanocomplex was prepared as described above using an
anti-transferrin receptor single-chain antibody fragment (TfRscFv) as the targeting
moiety, a Lip:MEL molar ratio of 1:1 and 0.75:1 (sizes = 30 and 25nm, respectively)
(liposome concentration =2mM) and an TfRscFv to Liposome ratio if 1:30 (w:w). The
size of the scL/MEL nanocomplex was 45 and 57nm, respectively. The in vitro cell
killing ability of the scL/MEL was compared to free, unencapsulated MEL in KMS-11
cells. '

[00265] For these in vitro cell survival studies, the human multiple myeloma cell line
KMS-11 was used. These are non-adherent cells and grow in suspension. 4 x 10° cells
in 2.6 ml of serum free media were incubated in a sterile 50 ml centrifuge tube with

400ul of the scL/MEL (at either ratio) or unencapsulated MEL for one hour. Following



[ 00264] The scL/ MEL nanoconpl ex was prepared as descri bed above using an
anti-transferrin receptor single-chain antibody fragnent (TfRscFv) as the
targeting noiety, a Lip:MEL nolar ratio of 1:1 and 0.75:1 (sizes = 30 and
25nm respectively) (liposone concentration = 2mV) and an TfRscFv to

Li posonme ratio if 1:30 (ww. The si zg of the scL/MEL nanoconpl ex was 45

tas compar ed iRt pyteBol; mENReblin bt Quiiimerib viB0 1@ pavie Bopybifh BabdLC
in vitro celdonsentiativabf Hi% d).&m]/tubbe Alﬂmm&ubmiotnlfpﬂail adiitl omaipd Tche Ick11 iviabfht}(l\/S— 11

was used. These_are non-adherent cells an in suspensl 4 x 105
cells in 2. 6" d %?H@%?ﬁ?ﬂfﬂé@nrﬁéa?aowwgqﬁg edTP ACLpraRlishithis. goF AT
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10% (0. 3m/ t.ube After incubation for adlaﬁ? (# V|abI|ty
was det er mi SRR AR BGOSR BPrBper oh &iablg qel s (b g A

one part tr Y(Q@ﬂmem e c%ﬁﬁﬂé&' e Ia§erage<§1ﬁnmrtdr c?:ll:P 0. £ &lrh? ﬁ%ﬁl%ﬁl&%éd%d(tﬂxe
dilution) in 2 nmL eppendorf tube (e trypan blue is mxed with

200 pi cell rwﬁmnéwﬂnper rmb@n@mméﬁbwam@f VIahIG cgl SfTIIS@a]GB]@tﬁé@StﬁHb)Wﬂmber

aver age nunber of B e oh g Nimheor Stk Rel ARG i e of cel s
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Viable Cells %= (Nunber of viable cells / Nunber of Cells) * 100 00266]
The resul t s rgputing gt 30&6anthd0%sell kidh pesnedivelyz vay Hiterpaelated feorg theggraph of the
concentratio i 02 I , respectively, was

i nt er pol at edd}i’légﬁgteh{rﬁ&na\%ﬁggf@%gc% ({?%gic))lﬁccgfrl\% rati on versus the percent of
vi abl e [00267H. [ OCRIG/BFkkowsBatstanios tatrg‘ﬁﬁngtsuhMELamgeédmpjes,Qh/\nWh thalMEL

conpl ex, in which the s .encapsulated in the lip ,. has
si gni fi cant |%§ ?wsa&éﬂfghtt ¢ deepe.efty gignificapiih am@aowg HHerrRNSES Gfiiteey VEL.

The unencap é&'ﬁk 1o ] oty 13!
encapsul at ed ?%twﬁh%os Slrrgﬁ\ef:la t &ﬂﬁﬁ%ap};a?ﬁ?%ﬁ%h@sentl S%aﬁw 8W@
nmol ar rati o w¥l. IIn ptmﬂmﬂ'ew&lon Nﬁtapsu:latdd dethe ippsung va theemethod of thed invéntiomséns of

the t -t | f IS | t t mat el fold
| ogs VEL wi 11 FLrreldmaeng P uMERn et SSERT P R BBP o8t bifie o b ugh
not as dr a”%hfér-tér@&fr% MRschsiex 8f s v EffdneABploRik418ly| o Ve@é N'ﬁ§L ke ween

t he unencapsul ated MEL and sc lﬁl MEL when the Li ?I\/EL wasS prepared at a
Li posone: Mel effestivaly &fll thez@nder calld Af soraftd. @M). Tp“dthgfl%}c notas dspmatia, ftleere Wedsone

al one did not & i fil.cant . cel | ating
Fhar St e sortsd £ 3044 dscfeafiih o8¢ 5% 141 Henf&in holfmencipeliPea MPL ahiYhol MEL

non- speci f i cwk&l thekiLip/MBY. Whe pldppeacire: Lijosema:Marthesd b @73 fflenhtiop! ar
ratios of |iposone to Mel phal an when used in the nethods of this invention

will result rﬁn%fe@mpbm@wp@wmﬂrﬁéw%ﬁﬁpés@é@t tfbaftwfégltlﬁﬁgétcp%é}ﬂhﬂpeq? by
simpl e m xi 1013 "ﬁlgaﬁ% tth&t*lﬁé"'s Cnasitlzgﬁ&{ Hiﬂls%we%'lw?t? kh’%gscg £¥l89§ ee?s{.llt 0

i nvention w unexpecte nced | cac

agai nst nul tmmL@esﬂﬁel&mlnedy ﬁle lifloe&368] Tﬁh%'v&hetye&ﬂhffﬁrc’l\ﬂt endlxOwdtiok r¢fFI G

34 conparing unencapsul ated MEL, with Lip/MEL as described herein wthout

the targeti ndposemetty Melghalan whepaisedfin theemeteds of thie orysntiqn vall rggyll ima wi t h

| i posone onl n r ri

Exanpl o5 1 e sog VPR ekt e W G RRR I5RE 26y ARG ABfing find
without chemical conjugation using the methods of this invention will result in a

complex that has unexpected enhanced efficacy against multiple myeloma cells.
[00268] Similar results are shown in FIG. 34 comparing unencapsulated MEL, with
- Lip/MEL as described herein without the targeting moiety and with the full scL/MEL
nanocomplex, as well as with liposome only. The Lip/MEL and scL/MEL were

prepared as described in Examples 1 and 2 at molar ratios of Liposome to MEL of



- 61 - 1:1)(liposone concentration = 2mM. An anti-transferrin receptor
singl e-chain antibody fragnent (TfRscFv) was used as the targeting noiety,
with a TfRscFv to Liposone ratio of 1:30 (w.w). Once again the |iposone
only has virtually no cell killing ef% ct on these nultiple nyeloma cells.
In contrast, even w thout the targeti g noi ety, when encapsul ated in the

Li t L L t

eroi n -t ner fwsbl; @hofeadioh o ) A Rurp B RPOORRRICHR, (1 ce
(unencapsul amnetydyVErhgmditi (§meFerb vafs et sk tthe adrpaingnmsiety emitly n€BfiRacF{ & nost
2 fold) when .the full ex was e This |l.evel of enst ation
of mul 11 pl o LipeRBietal el 0 (¥ lenOaEs APSE 1B PAroPIo RuE s B il hoo
of this 'nvqaﬂlhg%ffea JHBXREAL le a0Rh R0 MAURLBRAGGA Withdt fleqar geal,g

Activity of scLFVEL After Lyophilization and Reconstitution 1002691The
scL/ MEL conpheigtycwheméenvapsplated mobe Liffasomk atmobae natiostof (£111MBL)mslgph<epar ed

as descri bed usi.ng.an.a transferkin rece tor chai n_anti body
fragment  ( TIREBRASEtRRf dhe vl Aoy iy SERER R sk Fff Rmeed | 2
(size = 21nmp fheei( ﬁaaﬁglgasura@émwuatmmevamnmnaﬂ whis Ry 6l ¥reafer kdIpesore
ratio if 1:30 SM/M/ i s compl ex was subsequently | yophi l1zed and_ the

sanpl es st orfeld)iwhen thfe@iléébffl\é?l campiexguss yed e rThinlevolediscrsitization afmuftipde

| yophilized scl/ Mel Iex was.,r.econ t|t i t.er and
used to trand¥e é%l%la erceer}cflgsuaasfloaelg 8%%%6,}(’)& Ehlg ﬁ%ﬂg& %)igeﬂiﬁ(s)flﬁ‘%r?fg}()\fil i
reconstitut adlespdo{dﬂEL Was 56nm ( nunber aver age), within the preferred size
range of the conplex prepared by the nethod of this invention when freshly
prepared. Thus, |yophilization did not significantly alter the size of the

conpl ex. The cel | killing ab! lity ofgkgﬁ)é{g?phl | i zed/ reconstituted scL/ MEL
was conpared with freshly prepared s d free (unencapsul ated) MEL.

The results are sho iﬂ}eﬁaﬁe g?Blgﬁég}é@hgchgﬁ @qgg:uﬁﬁ vghyé?s for the

freshly prepared an yop zed s nanoconpl ex are virtual l'y
identical. Thus, this |yophi oﬁﬁﬁ'hE gﬁlee@éIgﬁtaﬁbﬁ to maintain at |east
80% of its biological acti V:I_f}}y Exa - 62 - Conbination Therapy with
scL/ MEL and Tunor Suppressor Cene p53 [00270] Restoration or activation of

t he tunmor suppressor p53 pathway has been shown to induce apoptosis

(progr qoazad]cel | Timasdi)’MHanqsmplbk pﬂoeta'rr;img eumome{ﬂrml (cbuanirgtids, =BedRspwad/]

Bl ade J, Boccador Cavo M. Cur r ent reat nen

strat egi es VRTFH’?I?fg%FieS&Ij‘éﬁF abovg ‘E&R&)ﬁ‘é&ﬁ“ H&P%fa e f%ptoroi}eaecfé?@t aﬂ%f@y
15(1): 6- 25; Mﬁen?%ﬂi@&?@% R tan%ﬁH% Bnoib§! 'aq_,l%)\MELRﬁMﬁf satlo of 1H5§ize =

epi genetic sil'encing in nultiple nmyelona pernmts apoptosis by a p33
activator. mmér(haosmlnmggon&eﬂfrmoapy 2@198 @dlamﬂﬂ?acﬁv tCFlI—I}IOIS@IlﬁthG) ifsk:3@i es

i nvestigati | ecul ar cause e dlse 1Se haye. shown
that nyel ona@"c‘é(Fl Sﬂ‘ﬁf tCSWPﬁ%&aﬁe*& eﬂi}er( y Lyo%hﬁyr% a&ﬁgﬁf e‘ﬁ% \(/iblﬁ}tavery
little p53 pifcBatdr atREst@r AlfleP BndivelOSS dt6148E $he81ly@ymkéaescwm ébanleﬁwagl ple
nyel oma cells and causes their death. Thus p53 gene ther a|loy i S | ogi cal

treat nent streeenstjtptédowithrendotxiefrag whisnend used to transfect KMS-11 cells as descrl ed

above. The size of the reconstituted scL/MEL was 56nm (number average), within the

preferred size range of the complex prepared by the method of this invention when
freshly prepared. Thus, lyophilization did not significantly alter the size of the
- complex. The cell killing ability of the lyophilized/reconstituted scL/MEL was
compared with freshly prepared scL/MEL and free (unencapsulated) MEL. The results
are shown in FIG. 35. Both the ICsy and ICy values for the freshly prepared and
lyophilized scL/MEL nanocomplex are virtually identical. Thus, this lyophilized

complex is also able to maintain at least 80% of its biological activity.

Example 21



Tunor-targeting scL-p53 Nanoconpl ex for Gene Therapy [00271] As described in
U S. Patent No. 7,780,822, the disclosure of which is incorporated by
reference herein inits entirety, a delivery systemcarrying a plasm d DNA
encodi ng the wt p53 gene and targeted ﬁ;’za Tf RscFv (scL-p53) has been
successful ly devel oped. System c admi nfStration of scL-p53 results in high

I I f wtp53 | ' I {5 t 1 . 53 h
Al 56 been aduanbA il ety WIHDREEHIET A e ST R e R8T on o
i ncrea tu . Izﬁﬁ‘% Lt L

I nduci ﬁg"%’? pt og?{sés{ofgg)%%%% gat{?g ?gﬂ)?é@ﬁ@qjgﬁcﬁéﬁﬁ? a OC%%?JCS%%%VI?X
ef I i CI[ e?ft I yttd) andpet apqoioi&ifj (}ngmnﬁh?df chi]t Iiaadt), it pﬁﬁiﬂl@p@@toknqocdlim@y?@tigﬂ?, f
met astatic tunors, ou e an ctive ns to increase evels o
p53 prot ei n FHKSHM f*?ﬂd@ ! nﬁgw&_ﬁﬁwﬁﬂr Fevenagh foEHo M <l CyEsniddhbiTRaticsh
Therapy [Oo%ﬁ%g}%wiupﬁgvé?qg%h@; h%l_&r%aﬁ%réf)fecﬁ\r&e BRI L00E: P§(1§GJ|2{SIVEL

and scL-p53. devel opnent™ of scL/NMEL for use as a nonot herapy W be of
benefit to gairt EM,sThamashSiB, RenghBy EasdroWl.. tReversalexfop®} eplkgnelic ilencing émse in

mul tiple el cell death after treatment, with scl/NMEL.as co ed t he
inencapsul arRACHIEL YRR AEPRI AP S Bl it 15 SR PP PRASEhanT P eBhever
as i ncreasi nNYOeXPIBaVoPNFafthdtmdrd, RtudibstihwsBgatingtBe molacala@dBusee bf Mubip® has
t herapeutic potential, the conbinatorial approach will have an even greater
t her apeut i ¢ mpyslems diseasethape showan that muglemsaedils [ofier hayerhealthy fie-i w&mvtgteg} e
designed to nonst.at I ng . of f i

regi ?ren for p%gjlgtelnpﬁ %Lﬂ#%?? gﬁ% Igva%ﬁogﬁlsné 0 S@?%Ioﬁnﬁqu%\%ﬁé%&%;slgﬁgit% o%ﬁgt I on
W th scL- pS3nultiple myeloma cells and causes their death. Thus p53 gene therapy is a logical

treatment strategy for multiple myeloma.

Tumor-targeting scL-p53 Nanocomplex for Gene Therapy

[00271] As described in U.S. Patent No. 7,780,822, the disclosure of which is
incorporated by reference herein in its entirety, a delivery system carrying a plasmid
DNA encoding the wtp53 gene and targeted via TfRscFv (scL-p53) has been
successfully developed. Systemic administration of scL-p53 results in high levels of
wip53 expression in numerous different tumor types. scL-p53 has also been developed
for use in combination with chemotherapy/radiation to increase the tumor response to
these standard therapeutic modalities by inducing apoptosis.

[00272] The use of the scL-p53 nanocomplex, shown to efficiently target and efficiently
deliver wtp53 to both primary and metastatic tumors, should be an effective means to

increase the levels of p53 protein in multiple myeloma cells.

scL/MEL and scL-p53 Combination Therapy

[00273] Described herein is the use of the combination of scL/MEL and scL-p53. The
development of scL/MEL for use as a monotherapy will be of benefit to patients in that
we have shown the unexpectedly high increase in multiple myeloma cell death after
treatment with scL/MEL as compared the unencapsulated MEL, the form that is

currently used for treatment. However, as increasing expression of p53 in multiple



In Vitro Results [00275] To test the hypothesis that treatnment with scL-p53
could result in multiple nyeloma cell death a prelimnary cell viability
assay was perforned as descri bed above. Human rnultiple nmyelona cell line
KMS- 11, descri bed above, was transfected with scL-p53 al one. scL-p53 was
prepared by sinple mxing of the corrpé énts in a defined order as descri bed
in US. Pat 7

doses of a p %sm él%sC%Q ﬁgszt regﬁlé%ﬁénﬁél %v&% @gﬁ g%leégpﬁggiér%g% doses
ranged fromeﬁ)elﬁgrelateaugariﬂ&ﬂtlcﬁdslenﬂﬁ‘i/s 11 cells were transfect ed using the

i dentical procedure described above. The. percent of viable cells was
determ ned 24 h post-transfection and the 1 C50 and | C20 val ues det erm ned.
Transfecti o eﬁﬁleﬁﬁﬂ- fh%a&?sm ted in a dose-dependent |evel of cell death
i ndi cating t I ncreastng the expression of wp53 in nultiple nyel oma
cells HO02743el f Chre e;q&nhtentsnarsl@mghectantdeinenﬁfat@ﬂemlimdﬂaifm 0BV Gma36) .

This is unexpgcted since the re ort e art _regardi ng nodu i on.of p53
expr essi on ﬁEFﬁﬁYec FrAtECRhTERIGHY H%W@ﬁ&ll %ﬁ%&l Bie; of el &ﬁ%“i‘i"%‘ﬂh‘l‘segl
activating agaisuieh viflcigefsly, not directly, affected p53 by bl ocking
expression of other proteins. [00276] The conbination of sclL/MEL and
scL-p53, both of which were shown to increase the |evel of cell death on
their own wer %h_ﬂgﬁp ';l}fCt ed simultaneously to assess the response of KMs5-11
cells to thi'8 OROIRAtS on therapy. KWVB-11 cells were transfected using the
procedyo@2mgscr i bpd tabawehysothdsiEthatVBsatiteaP Jidsclspshe s6iild ReshoROMRIGHIE NY an

anti-transferrin receptor S|m%I e-chain anti body fragnent (TfRscFv) as the
targeting noh¥elgmagellgpathep llamanawlbvmbllmylasw We%@ﬁﬁ”omdc@mﬂcmbgdm =

2mV) and an JfRsc I%M%O 4x t ube)
wer e transfe-({:;f)ed ﬁﬁ?%ggkufh?@ conp }alff\égs?s%nobﬁggl %Yen(V # ngng
doses of MElwithl kel -p$3 alphé mpsg e@ap&@a&a Wsﬁmpm&ﬁi)&ngjeﬁﬁlélcbﬁ@oﬁéﬁtssm fFat ent
No. 7,780,822). The DNA dose used f all transfections was 0.2ug/4x105

celI's. This d¢58ed qrder 5%@%“@9%%9 U.s. é’&tem Nﬁe7d§9§2$ 1 dhe EPEplexevaiEERaTed t he
| C20 wes foypg, hl%}'éﬁ@ing d§9e°seo 1&%@%&5@5 &@gphuﬂﬁfwﬁﬁ% HBS pHRfdq L O -
a t I C

all ow detection of an diti v or synergi ect o W6 freatments.
The KMs- 11 déNAsiowsrrangadeﬁmﬁ écl:cbl\a/ug PNA. e’Ehe(IﬁMSnl:]anﬂlslvadreﬁénsMEtedaismg&he
scL/ MEL al on

or the co of E ee en scL
encapsul at ed \calpprggedirq nﬁ)?%@ c(de’r ve.3 A ?‘70/{‘:‘0&3 gi? %fr‘geéerfnénqdr%eh MEL
al one, tr ansﬂo@@ﬁ!ﬂ%ﬁ’ec%ﬁ And AR K‘%#éﬁ@ S Q/@We?ﬁet’éﬁﬁﬂk& eﬂ‘ahﬁe&mﬁ' Witk BdIC ngl  tion

| evel of chenpbsensitization to drug. Moreover, when used in co
with either resudied ora dose- dﬁpmpieakledelmnell deattnibdicatingthef lnsxcasmgﬂlewapreasbble to

ehamot her apetteT S BuRuti THEIBRE SEba ferh Gh ror ot sreniteoatavd of eelbdeati ng
the nost ef feedis. mvip@ﬁ@sq)emdtsh@e klﬁﬁ@g&fts mﬁmﬁl@@g&(ﬁ Cg%&ﬁiﬂuoﬁ Reps3

standard formused as a_therapeutic = 10. the 1 C50 of the scL/MEL
pl us scL- p5FxpEessign Gy mulfipe é%bwmath?me apl mlqudrmﬁ@ag@mwaé ettivagiagapents

002781 Al houGRld9 . el B3 oltaes OSR BELERLUES L ey T U1 1Y |

expect ed that si'm resu Increas nyel oma ¢

al so oqooz76)hen sTHd dahbiamsbrs of sPHBIEL emaobchrpsst ®otd o wafichmwead khow to
conbi nation to human_patients. The dose of scL-p53 is expected to be
bet ween 2. 4 1B¢fgass the lﬁ}[F]i offqgdj dsathyin their Av@ev e danstestad @@%ﬁgeww 19 afResk's .

The scL/ MEL I tar a i r i dose
of between 6111\%1ndS p?iésé‘ﬂ ggmg qv\gg\l/?eg)ka}l%tcg%grlah% tﬁg oS egp 9‘??)8%‘5%] The
unexpect ed |teansfectefl uemgam@mmureﬂes‘chbectﬂmven a¢IL/MEIobzaepnepﬁireb @k dedchiled at es

the potential of this conbination approach as a ne h rapeu c.mpdality
for the tredPRENYSBE aﬁﬂP’E‘itﬁPé&WbTe& oF ﬁngﬁﬁrfglﬁmpaé‘t“u 8%1.!{ ageR @j‘s@Yéﬁbl e 22

the targeting moiety, a Lip:MEL molar ratio of 1:1 (liposome concentration = 2mM)
and an TfRscFv to Liposome ratio if 1:30 (w:w). Cells (4x10° per tube) were
transfected with different scL/MEL complexes containing increasing doses of MEL.
The scL-p53 was prepared as previously described (U.S. Patent No. 7,780,822). The
DNA dose used for all transfections was 0.2ug/4x10° cells. This dose was based upon



Preparation of Cationic Liposomes Conprising Atropine Materials:

[ 00281] DOTAP (1, 2-di ol eoyl-3-trimethyl anmoni um propane, chloride salt)
ot ai ned from Avanti Polar Lipids, Inc. Cat. #890890E, MV 698. 55
Concentration: 25 ng/nL ethanol solutlén Dilute lipid to 20ng/ml with
absol ute et hanol before use [00282]

Lipias, 1 e el phEBI e D GET = RTRAR be LR cP Bl bR YO, 1

et hanol sol litheollﬁlzo Biab wkel to z|dl<ﬂv ﬂetea&mgoﬂ arll additite abswlengisticetfien olf tlneefvm e use
[00283] At O%eggnenpt)g e Kf\)l\é W cells were tr nsfect wiah E}ree% (ngnrgagslugated) MEL alone,
scL/MEL alone, or the combination of Free (unencapsulated) or scL encapsulated MEL
plus scL-p53 (FIG. 37).

[00277] When compared to free MEL alone, transfection with the scL/Mel complex
resulted in a significant level of chemosensitization to the drug. Moreover, when used
in combination with either free or scL complexed MEL the addition of scL-p53 was
able to significantly improve the response of the KMS-11cells to this chemotherapeutic

~ agent, with the combination of scL/MEL and scL-p53 being the most effective.
Compared to the ICsy of unencapsulated MEL, the standard form used as a therapeutic
(ICso.= 10.9) the ICsq of the scL/MEL plus scL-p53 was 4.57, a greater that 2 fold
increase in cell death.

[00278] Although these studies have been performed in vitro, it is fully expected that
similar results (increased multiple myeloma cell death) will also occur when scL/Mel
and scL-p53 are administered systemically in combination to human patients. The dose
of scL-p53 is expected to be between 2.4 and 3.6 mg/infusion with twice weekly
infusions for 5 weeks. The scL/MEL will be administered as a single intravenous
infusion of a dose of between 6 and 16mg/m” at two week intervals for four doses.

[00279] The unexpected level of enhancement of the combination observed here
indicates the potential of this combination approach as a new therapeutic modality for

the treatment of multiple myeloma in human patients.

[00280]
Example 22
Preparation of Cationic Liposomes Comprising Atropine
Materials:
[00281] DOTAP (1,2-dioleoyl-3-trimethylammonium propane, chloride salt)

-Obtained from Avanti Polar Lipids, Inc. Cat. #890890E, MW 698.55
-Concentration: 25 mg/mL ethanol solution
Dilute lipid to 20mg/ml with absolute ethanol before use
[00282] DOPE (1,2-dioleoyl-sn-glycero-3-phosphoethanolamine)
-Obtained from Avanti Polar Lipids, Inc. Cat. # 850725E, MW 744.04



Di ssol ve in absolute ethanol to a concentration of 100nM

[00284] U tra-pure, endotoxin free LAL Reagent Water (e.g. BioWittaker,
Cat . # Wh0-500, endotoxin <0.005 EU m ) [00285]1njector: Ham |ton Gasti ght
Syringe, Im (Hamlton #81230) with a §2' gauge needle, part #81365)
Procedure: [00286]1. Fresh At r opi ne s6fdfion is prepared each tine by
vortexing at high specdolartiar cborban- ety BIEER.A) | “Hold at room
tenperature until USECDlllﬁe tipNd ta20hmg/hpwilk abéﬁﬂlﬁeeﬂlabﬁlh&ﬁ)re ufd0287] 2. Pl ace
lipid solutions at 37 C for mn, follow ng which place the lipid

sol ut i dﬁgzq:;lll a 63 \TORRG @PWS‘?:&(%"\»?‘FF]Z%%%Q& onal shaking for 5 mn.

[ 00288] 3. To prepare thepldid¥dRRifga Pl ace a brown glass bottle with stir

a

bar on a hot plate set to 50C to 60C. Wile stirring at high speed w thout
spl ashing, add the Ii plEissoéNﬁdmAbscdpﬁeraehanol toreecapotrtttation of § 6@mMol | owi ng or der

%mog t[ﬁﬁ@%m[) ﬁ?lrryigll;chgen ox1 ERILnTi)eagent a\R/a{e?t(le g. W&Rﬂ’g e | kat(.#? f 20
W50-500, endotoxin <0.005 EU/ml)
[00285] Ihjector: Hamilton Gastight Syringe, 1ml (Hamilton #81230) with a 22 gauge
needle, part #81365)

Procedure:

[00286] 1. Fresh Atropine solution is prepared each time by dissolving Atropine in
absolute ethanol to a concentration of 100mM by vortexing at high speed until
dissolved (must be clear). Hold at room temperature until used to mix with lipids (Step
3 below).

[00287] 2. Place lipid solutions at 37° C for 10-15 min, following which place the
lipid solutions in a 65° C water bath with occasional shaking for 5 min.

[00288] 3. To prepare the Lip-Atropine: Place a brown glass bottle with stir bar on
a hot plate set to 50°C to 60°C. While stirring at high speed without splashing, add the
lipids and Atropine to the bottle in the following order (important):

[00289] For 1:1 (Lip:Atropine) molar ratio
DOTAP 175 pl  (of 20 mg/ml) = 5 pmol or 3.5 mg
DOPE 187.5 ul (of 20 mg/ml) = 5 pmol or 3.75 mg
Add Atropine soln., 100 pl (of 100mM) = 10 pmol,

Continuously stir for 3 min. after all 3 have been added

[00290] 4. In the meantime, warm 4,569 ulL LAL water to 65° C in water bath in
brown glass bottle with stir bar. Immediately prior to addition of the Lipid-Atropine
solution, move the bottle to a hot plate (50 °- 60° C). Stir water at high speed with no
splashing for a few sec to remove bubbles from the stir bar.

[00291] 5. Keep the water on the hot plate. Continue stirring the water at high
speed (without splashing) during lipid addition. After mixing lipids and Atropine as
above (Step 2), immediately and as rapidly as possible, using the Hamilton syringe for
injection, inject the mixture into the hot water on the hot plate (50° - 60° C) directly into



DOPE187.5 pl (of 20 ng/m ) =5 [tnol or 3.75 ng Add Atropine soln.,100 p.1
(of 100mMV) = 10 p.nol, Continuously stir for 3 mn. after all 3 have been
added [00290]4.1n the nmeantinme, warm 4,569 uL LAL water to 65 C in water
bath in brown glass bottle with stir %g | medi ately prior to addition of
the Lipid-Atropine solution, nove thé~bottle to a hot plate (50 - 60 C).

Stir water | r bl es
From the st e ket FOGSGA% RABapy st oF ol oled GHIREF et RTRAR AP
stirring theifwﬁtheraddinohIogthdslnﬁdamlﬁtwret\hmwlossﬂlﬁsdmaﬂ@b durl ng lipid addition.
After mxing |ipids and Atropine as aboye ﬁSte% 2), inmredi atel){ and as

si¢

rapi di J08Zhossi e, MPYRhEBtasHARHIF tHRI T Al pigl, coptimaieite sfir slowyaatl ¢ he
m xture intQpt f?)%s??tcﬂx‘/@é@%l%rf&%ls}%wrpﬂo%i oom %&atgﬂ jectly into -

66 - the center o e vortex. Continue stirring on hi speed (w t hout
spl ashi[f@d93for 1 Hin affxdjest théreolaniditd 5 axl voith tooen ﬂmmcdtunemwamhl | e | oosely

covere 292] §, Mov ss bottle a an conti nue
Lo st oWy udti 1 ohkebEadior ey 8028 4 PrrsianPy lim T o’ 20- 25
(room t[gomm) at ur 3) Measure particle size and zeta potential if desired.

Results of these preparation methods demonstrate liposomes having a particle size of

about 20-100nm and a Zeta Potential of about 10 to 50 mV.

Example 23
Preparation of Targeted Cationic Liposomes Containing Atropine Without
Chemical Conjugation (By Simple Mixing)

[00296] Using the Atropine-comprising cationic liposomes prepared according to the
procedure described above, the ligand targeted Atropine cationic liposome complex as
described herein is prepared by simple mixing of the components and without chemical
conjugation. The preparation of the complexes was in accordance with the following
general procedure. o

[00297] To the liposome-water (or buffer) the appropriate amount of targeting moiety is
added to give the desired ratio and mixed by gentle inversion 5-10 seconds. The
targeting moiety can be a ligand including but not limited to transferrin or folate, or -
other proteins. It can also be an antibody or an antibody fragment that targets a cell
surface receptor including, but not limited to the transferrin or HER-2 receptor (e.g.,
T{RscFv). This mixture is kept at room temperature for 10-15 minutes (again inverted
gently for 5-10 seconds after approximately 5 minutes). To yield the desired final
volume the .targeting moiety-Lip-Atropine admixture is mixed with any volume
(including none) of water (suitably deionized water) or a buffer of any pH including,
but not limited to, Tris buffers, HEPES buffers or Phosphate Buffered Saline, required
to give a desired volume and inverted gently for 5-10 seconds to mix. This mixture is
kept at room temperature for 10-15 minutes (again inverted gently for 5-10 seconds

after approximately 5 minutes).



[ 00293] 7. Adj ust the volume to 5 mi-with roomtenperature LAL water.
[00294] 8. Filter the solution using a 0.22 p.mpore Mlex GV filter.

[ 00295] 9. Measure particle size and zeta potential if desired. Results of
t hese preparation nethods denonstrate |iposones having a particle size of
about 20-100nm and a Zeta Potential otf’about 10 to 50 nmV. Exanple 23
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descri bed above, the ligand targeted Atropine cationic |iposonme _conplex as
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or other prafeifih-a Aefa foRhtia] SoPFeddbBit 1 KRRV AR it?%l?% JB Fﬁg{‘@gﬁd t hat

targets a cell surface receptor including, but not limte
transferri n mest sERRY 1@tepboV gsaletprmimpdRycdsmpmicThgly spatseripgaising kMalvem room

t enperature r.10-,45 m nutes (again i.nverted gently for, 5-10 seconds after
ooy ot rat oI9S Ay JY AR S Fn Dt S s orbih e Hom Ry g
moi et y- Li p- A Of daessahlThlebd bfaih Barfexed Wi th any vol ume (including none) of

water (suitably deionized water) or a buffer of any pH including, but not
i mit ed00HO0ITri s Ibwill be scadilrppmirenifte epe oberdmaps i iethpyelewsnd grisiat gther

required to sq%tXl:ﬁe ﬁ'wﬁﬁiéaﬁ?ﬁis a}ﬁ%’aﬁ%a@h‘l t &‘é?ﬁétﬁ&’c}s%&%ﬁﬁicfgﬁéns5de%&b% GeRfE to

m x. This mi'xturé s kept at roomtenperature for - m nuteées (again

i nverted gendahypehtide wittduséspartiiy fodrh e ppe ofkdnyaifehe/ethbodimuites) . - 67 -

[ 00298] For use in vivo dextrose or sucrose is_added last to a final

concentlP8391dn of Ihisgaibe understood that while certain embodiments have been illustrated and
described herein, the claims are not to be limited to the specific forms or arrangement of
parts described and shown. In the specification, there have been disclosed illustrative
embodiments and, although specific terms are employed, they are used in a generic and
descriptive sense only' and not for purposes of limitation. Modifications and variations
of the embodiments are possible in light of the above teachings. It is therefore to be
understood that the embodiments may be practiced otherwise than as specifically
described.

[00302] All publications, patents and patent applications mentioned in this specification

are herein incorporated by reference to the same extent as if each individual publication,

patent or patent application was specifically and individually indicated to be

incorporated by reference.



1-50% (V: V) dextrose or sucrose, suitably 5% dextrose or 10% sucrose, and
m xed by gentle inversion for 5-10 seconds. This mxture is kept at room
tenperature for 10-15 mnutes (again inverted gently for 5-10 seconds after
approximately 5 mnutes). [00299] The size (nunber average) of the final

- conpl ex prepared by the nethod is bggween about 10 to 800 nm suitably
about 15 to 400 nm nost suitably about 20 to 200 nmwith a zeta potenti al
of between about 1 and 100 nV, nore suitably 5 to 60 nV and nbst suitably
10 to 50mWHATHStEMMER 1By dynamic |ight scattering using a Malvern

Zetasi zer ZS. This size is small enough to efficiently pass through the
tunor capillary bed, or cross the blood brain barrier, [00300]1t wll be
readi |y appar &niethedopfe Pisparipgiiantargetedtemnozqlomise ¢atloniga Hposemes CoRBlEX.ot her
sui tabl e nndif%&%éﬁgg, and adaptations to the nethods and applications
descri bed herein"tan e nmade w thout departing fromthe scope of any of the
enbodi nents. [00301] It is to be understood that while certain enbodi nents
have been il | ugd)r at eckpanig delspidi dobdione cemprisihfeone| @ nbracationdd ipadsbhm
limted to the specific fornms or arrangenent of parts described and shown.
In the specificatioﬁta?ﬂere have been disclosed illustrative enbodi nents

and, al though specific terns are enployed, they are used in a generic and

descriptive seppe OE}&}SM SMitidosf tebROISRSdLf |im tation. Mdifications
and vari ations of the enbodi nents are possible in |light of the above

teachings. It is therefore to be understood that the enbodi nents may be
practi ced ot hef%i semi¥pgthgdipidaintiorwithyhejradetianpddemppiaoies |

publ i cations, patents and patent applications nmentioned in this

speci fication e herein. i . I . .ent as if
~each individuaﬁﬁpubﬁ?%gpggﬁﬁﬂ%a égfﬁ ¥ﬁ%g€§ﬁ§&§%gﬁFé%?%gﬁqagﬁﬁgﬁé%|’icaIIy
and indivi dual | y i ntherchy dainting béemomdompricantchibliposeher ence. -- 68 - WHAT IS
CLAIMED IS: 1. A nmethod of preparing a targeted tenozol om de cationic

| i posonme conpl ex, comri Si ng: reparing.a |ipid.solution c rising one
or “mor e cationte | | BPURE fiF EresRBriat BReme eir 18k BERBhiofor the
tenozol o de; (c) MaXehd) tRBzblbRliGE Efloid RfbshineNwhBiRinShk Hehfd i dircctly

t enozol om de;
complexed with, but not chemically conjugated to, the cationic liposome.

2. Themethod of claim 1, wherein the ligand is an antibody, an antibody fragment or a

protein.
3.  The method of claim 2, wherein the ligand is a single chain Fv antibody fragment.

4.  The method of claim 3, wherein the single chain Fv antibody fragment is an

anti-transferrin receptor single chain Fv (TfRscFv).

5. The method of claim 1, wherein the solution of temozolomide is prepared in

dimethyl sulfoxide (DMSO).

6. The method of <claim 1, wherein the lipid solution comprises
1,2-dioleoyl-3-trimethylammonium propane (DOTAP) and
1,2-dioleoyl-sn-glycero-3-phosphoethanolamine (DOPE). -



(d) injecting the m xture of |ipid and tenozol om de into an agueous
solution, thereby formng a tenozol om de cationic |iposone; (e) mxing the
t enozol onmi de cationic liposone with a ligand to formthe targeted

t enrozol om de cationic |iposone, wherein the ligand is directly conpl exed
with, but not chemcally conjugatedgha, the cationic |iposone. 2. The nethod
of claim1, wherein the ligand is an antibody, an antibody fragnment or a
protein. 3.The nmethod of claim2, wherein the ligand is a single chain Fv
anti body f/r aghenmethpdTofeclamt Roavhefeircitizd palBtionbE temiorotdmads iin gteparchiaitm Fv

anti body fragnent is.an anti-transferri ceptor single chain Fv

(Tf RscFv). 5. TR HIR O3,1*1B81I1tali W&ﬂo %\%’élpéé(ﬁnﬁﬁe solution of tenpzolomde is
prepared in dinethyl sulfoxide (DVMSO . 6. The nmethod of claim1, wherein the
| ipid solution conprises 1, 2-diol eoyl-3-trimethyl anmoni unpropane( DOTAP) and
1, 2- di ol egy! - Fie gleyodr of- Gaiph 05 pherih aobdsticie of (Xdzblomid® s prepared at a

concentration of about 50 mM to about 200 mM.

9.  The method of claim 1, wherein the molar ratio of lipid:temozolomide is about

0.1:1 to about 5:1.

10. The method of claim 9, wherein the molar ratio of lipid:temozolomide is about

0.5:1 to about 2:1.

11. The method of claim 10, wherein the molar ratio '6f lipid:temozolomide is about

1:1.

12. The method of claim 1, wherein the weight ratio of ligand:lipid is about 0.01:1 to

about 0.5:1.

13. The method of claim 12, wherein the weight ratio of ligand:lipid is about 0.3:1 to
about 0.4:1.

14. The method of claim 4, wherein the weight ratio of TfRscFv:lipid is about 0.33:1.

15. A method of preparing a targeted temozolomide cationic liposome complex,

comprising:

(a) preparing a lipid solution comprising 1,2-dioleoyl-3-trimethylammonium
propane (DOTAP) and 1,2-dioleoyl-sn-glycero-3-phosphoethanolamine
(DOPE)in ethanol; '

(b) preparing a solution of temozolomide;



7. The nethod of claim1l1, wherein the solution of tenozolom de is prepared
at a concentration of about 1 mMto about 200 MM 8. The nethod of claim?7,
wherein the solution of tenpbzolom de is prepared at a concentration of
about 50 mMMto about 200 mM 9. The nethod of claim1, wherein the nol ar
ratio of lipid:tenozolomde is aboutygQ.1:1 to about 5:1. 10. The nethod of
claim9, wherein the nolar ratio of lipid:tenbzolomde is about 0.5:1 to
about 2:1. 11. The nethod of claim 10, wherein the nolar ratio of

|i pi d: t enpzol off)de mixinpdhelipid solution withdhgralwfénn offtempzglomide; wher ei n t he
weight ratio of ligand:lipid is about 0.01:1 to about 0.5:1. 13. The nethod

of C1aim, 12, i ©f Biddiie W bkt 8B b HBAMO itk 00U sBhuort ¢ ©

about 0.4:1. 14" The net wherein the wei
TfRscFv:lipidis abmeteb@.faﬁmhg alﬁnoz%lomtde@ﬂtlmﬁc fipegoaid;Ng a targeted
t enozol om de cationic I [ posorre conpl ex, conprising: (a) preparing a lipid

solution conprising 1,. ol eoyl-3-trinmet hyl gnmoni um propane, AP) and
1, 2- di ol eoyl - 3g| yE‘é’fIBg Sthf)htSE’]Bﬁ?%PHiFnG?t&?#%glp@m)Wﬁ’ h&Hb 2[‘)18}
preparing a sol ut i ofec@fiot ﬁﬂgkoéhem Pe(TfRscEP) to fobth tE XarBetel RenbiddMigeol ution

with the solution of tenpzolom de;
cationic liposome complex, wherein the TfRscFv is directly complexed

with, but not chemically conjugatéd to, the cationic liposome.

16. The method of claim 15, wherein the solution of temozolomide is prepared in

dimethyl sulfoxide (DMSO).

17. The method of claim 15, wherein the solution of temozolomide is prepared at a

concentration of about 1 mM to about 200 mM.

18. The method of claim 17, wherein the solution of temozolomide is prepared at a

concentration of about 50 mM to :'abdut 200 mM.

19. The method of claim 15, wherein the molar ratio of lipid:temozolomide is about

0.1:1 to about 5:1.

20. The method of claim 19, wherein the molar ratio of lipid:temozolomide is about

0.5:1 to about 2:1.

21. The method of claim 20, wherein the molar ratio of lipid:temozolomide is about

1:1.

22. The method of claim 15, wherein the weight ratio of TfRscFv:lipid is about 0.01:1

to about 0.5:1. .



(d) injecting the mxture of lipid and tenozol om de into an agueous’
solution, thereby form ng a tenozol om de cationic |iposone; (e) mxing the
tenozol omi de cationic |liposone with an anti-transferrin receptor single
chain Fv (TfRscFv) to formthe targeted tenpzol om de cationic |iposone
conpl ex, wherein the TfRscFv is ditegtly conplexed with, but not chemcally
conjugated to, the cationic |iposome. 16. The nethod of claim 15, wherein
the solution of tenpzolonde is prepared in dinethyl sulfoxide SDI\/BO) 17.
The met hod3-of Tke metod of claige? bivherdie theoy eightgatioef TiRselvlipidiislebaus U 3rleloar ed at
a concentratiop of jgoput 1 mMto about 200 mM 18. The nethod of claim 17,
wherein-the so u(fl on of tenbzolom de is prepared at a concentration of
about 50 mMMto about 200 mM 19. The net hod of claim 15, wherein the nolar
ratio of lipid:tenozolomde is about 0.1:1 to about 5:1. 20. The nethod of
cl ai m 19, 2&h €Tl methhé ofrclhan 23, atlieccinthd weight tagorof GfRweFddipidsis abeutt0.33:5: 1 to
-about 2:1. 21. The nethod of claim 20, wherein the nolar ratio of

| i pid:tenpzol omide is about 1:1. 22. The net hod of claim 15, wherein the

The et hot-of AR S%eaihE bicr pricsalisnt ROPPHTG B ediello b BN E apout
0.3:1to abOUtta%eﬂedl .ted@zoldhiRlemehtitanc OIﬁpdE;bﬂnleWb&ﬁFleﬂhQM@dré‘int e wWeigedefl ratio
of TfRscFv:lipid is about 0.33:1. 25. A nmethod of treating cancer in a

patient, conpriegioaglomuds eationislipageraecemplen spmpritesa t ar get ed tenpzol oni de
cationic |iposome conplex, wherein the targeted tenozol om de cati onic

li posor’re conpl X CORPEARGER liposome comprising 1 2- dloleoyl 3 tnmethylammonlum
propane (DOTAP) and 1,2-dloleoyl-sn—glycero-3—phosphoethanolamme
(DOPE); '

(b) temozolomide; and

(c) a ligand directly complexed with, but not chemically conjugated to, the

cationic liposome.

26. The method of claim 25, wherein the ligand is an antibody, an antibody fragment or

a protein.
27. The method of claim 26, wherein the ligand is a single chain Fv antibody fragment.

28. The method of claim 27, wherein the single chain Fv antibody fragment is an

anti-transferrin receptor single chain Fv (TfRscFv).

29. The method of claim 25, wherein the temozolomide is administered to the patient at

a dose of about 10 mg/m? to about 500 mg/m>.

30. The method of claim 29, wherein the temozolomide is administered to the patient at

a dose of about 50 mg/m” to about 250 mg/m>.



(a) a cationic |liposonme conprising 1,2-dioleoyl-3-trinethylammoni um propane
(DOTAP) and 1, 2-di ol eoyl -sn-gl ycer o- 3- phosphoet hanol am ne (DOPE); (b)
tenmozol om de; and (c) a ligand directly conplexed with, but not chemcally
conjugated to, the cationic |iposone. 26. The nethod of claim25, wherein
the ligand is an antibody, an antibggy. fragnent or a protein. 27. The

nmet hod of claim 26, wherein the ligand is a single chain Fv anti body
fragment. 28. The nethod of claim27, wherein the single chain Fv antibody
fragment i33. aRbarmethed piselaim | 39, rebapinothes imjare rativaio Imid (iMf fRecFaonic29. The

o dose of anpermORmePaBmAAgRBTRELT Hhod S0 8 T Thou ot el i m 20,

wherein the tenozolomde is adnmnistered to the patient at a dose of about -
50 ng/n2 to about 250 ng/nR. - 72 - 31. The nethod of claim 25, wherein
t he nol ar 3eat The ahethopiod ¢laint B4, cahéroini thd mpdsonmiot efidipad dni the taioalrout

0.1:1 to about 5:1. 32. The nethod of aim 31, wherein the nolar ratio of
lipidin the cé??%Wﬁ??qqoﬁggﬁﬁgyf8&3?6}%hf%gkrgzébout 0.5:1 to about 2:1.
33. The nethod of claim 32, wherein the nolar ratio of lipid in the
cationic |liposone:tenozolomde is about 1:1. 34. The nmethod of claim 25,
wher ei n t B8, Weh@hhethéd 09 thinl i132andhdrei the mdlderiat bPNiped lih pOSOsmiohe about

0.01:1 to about 0.5:1. o
liposome:temozolomide is about 1:1.

| 34, The method of claim 25, wherein the weight ratio of ligand:lipid in the cationic

'liposome is about 0.01:1 to about 0.5:1.

35. The method of claim 34, wherein the weight ratio of ligand:lipid in the cationic

liposome is about 0.3:1 to about 0.4:1.

36. The method of claim 28, wherein the weight ratio of TfRscFv:lipid in the cationic

liposome is about 0.33:1.

37. The method of claim 25, wherein .the administration is intravenous (IV),
intratumoral (IT), intralesional (IL), sublingual '(SL), aerosal, percutaneous, oral,
endoscopic, topical, intramuscular (IM), intradermal (ID), intraocular (I0),
intraperitoneal (IP), transdermal (TD), intranasal (IN), intracereberal (IC),
intraorgan (e.g. intrahepatic), slow release implant, or subcutaneous

administration, or via administration using an osmotic or mechanical pump

38. The method of claim 25, wherein the cancer is head and neck cancer, breast cancer,
prostate cancer, pancreatic cancer, brain cancer, neuroendocrine cancer, cervical
cancer, lung cancer, liver cancer, liposarcoma, rhabdomyosarcoma,
choriocarcinoma, melanoma, retinoblastoma, ovarian cancer, urogenital cancer,

gastric cancer, colorectal cancer, multiple myeloma or a cancer of the blood.



35. The nethod of claim 34, wherein the weight ratio of ligand:lipid in the
cationic liposone is about 0.3:1 to about 0.4:1. 36. The nethod of claim
28, wherein the weight ratio of TfRscFv:lipid in the cationic |iposone is
about 0.33:1. 37. The nethod of claim25, wherein the admnistration is
intravenous (1V), intratunoral (IT)y73i-ntral esional (IL), sublingual (SL),

aerosal , percutaneous, oral, endoscopic, topical, intrarmuscular (IM,
intraderrpal (ID), .i traﬁgul r (JO, LnLraperitoneal_(lP), t ransder nal
(TD), i nt $anakif Metheg! of ickimatte MNSETR the PYayl canger o gUeMBASEOCHINR Shépat i ),

sl ow rel ease i ppltom®r Subcutaneous administration, or via adm nistration
using an osnotrTc or nechanical punp 38. The nethod of claim25, wherein the
cancer is head and neck cancer, breast cancer, prostate cancer, pancreatic
cancer, brain cancer, neuroendocrine cancer, cervical cancer, |lung cancer,

| i ver cané®r , Thdpebed ocbetaim 2hadbdbencomprismgednuhisiciiog an edditomal thesdpyrtons,
retinobl astoma, ovarian cancer. urqgenital cancer as{ric cancer

col orect al canfcbgrp,a kel %qné lﬂi}ieqno‘r"r@go&e e{ar(ggtﬁ@gFm8?°l&ﬂé&eb?agl881.c Iposme_ 39
The nmethod of gn@plgr.38, wherein the brain cancer is a gliom, astrocytom
or a glioblastoma. 40. ‘The nethod of claim25, further conpri'sing

adm ni stering an additional therapy to the patient in conbination wth the

targeted temzol onjd tjonic Jiposonme conplex. 41. The nethod of claim
40, wher eth Fhe mefhiod phAam Fhew %'ﬁmc‘gﬁﬁfi&@@%alég‘ﬁﬁw SRR SeD Ad@Isiration

chenot her apeut i€, 2R&MtheBpaiiR! 4ol ESHAE mdiddidti@nidh r | eic
acid-baSed:thékéﬁyt_42.m$%e,ne§ﬁodao _clg}nm41f eﬁiﬁﬁ#ﬁ@ggﬁéb é?%g_ .
~aci d-'based t heacapyasedthrapges adni ni stration of a cationic |iposonme conpl ex:
conprising a plasmd DNA expressing w ld-type p53. 43. A nethod of treating
brain cancer in a patient, conprising admnistering to the patient a

targeted 2ol om.de catjonig | ane.- conmplex, .whereip the targeted
{enagol orfie Tt PRlCE 71 sB8 gl hRBRER T AP LA BRI, Betaby bR o o
conprising 1, 2xdeiigiseayck 3f tar baminkty i bWiCMMOW£ﬂ§E%s@iﬂdDNA

1, 2-di ol eoyl - sn-gl ycer o- 3- phosphoet hanol am ne (DOPE); (b) tenozol om de; and

(c) an anti -t reRESEpg WaldryBeB2br single chain Fv (TfRscFv) directly
conpl exed with, but not chem cally conjugated to, the cationic |iposone.

43. A method of treating brain cancer in a patient, comprising administering to the

patient a targeted temozolomide cationic liposome complex, wherein the targeted

temozolomide cationic liposome complex comprises:

(a) a cationic liposome comprising 1,2-dioleoyl-3-trimethylammonium
propane (DOTAP) and 1,2-dioleoyl-sn-glycero-3-phosphoethanolamine
(DOPE);

(b) temozolomide; and
(c) an anti-transferrin receptor single chain Fv (TfRscFv) directly complexed

with, but not chemically conjugated to, the cationic liposome.

44. The method of claim 43, wherein the temozolomide is administered to the patient at

a dose of about 10 mg/m? to about 500 mg/m”.

45. Themethod of claim 44, wherein the temozolomide is administered to the patient at

a dose of about 100 mg/m” to about 250 mg/m”.



44. The nethod of claim43, wherein the tenpzolom de is admnistered to the
patient at a dose of about 10 ng/nR2 to about 500 ngy/nR. 45. The nethod of
claim44, wherein the tenozolomde is admnistered to the patient at a dose
of about 100 ng/n2 to about 250 ny/nR. -74- 46. The nmethod of claim 43,
wherein the nolar ratio of lipid in7ghe cationic |iposone:tenozol omde is
about 0.1:1 to about 5:1. 47. The nethod of claim 46, wherein the nolar

ratio of lipid in the cationic _|iposone:tenozolonide is about 0.5:1 to
about 2: 146.4gThermethad whclem dBaivheran Rsemeld e abllipid Antthe GFORICHi d i n
the cationic I : ! L 9 1@ :d., 49. The nethod of claim
43, wherein thgﬁﬁgﬁgﬁgk§%?§§h%gl%ﬁﬂg?EVPﬁﬁ%F%t%%'the cationic |liposone is
about 0.01:1 to about 0.5:1. 50. The nmethod of claim49, wherein the weight
ratio of TfRscFv:lipid in the cationic |iposone is about 0.3:1 to about
0.4:1. 5147.THEhavetdtiodl of dbiai #650vhendinr henmolee wwebghfi lipat iim thé cationic
TfRscFv:lipid j.n the catiqgnic, |l.ipos ] bout .0.33:1. 52. The nethod of
clai m 43, wher ‘ﬁOPﬁé@aaﬁﬁﬂPEFH%ﬁ%Hﬁ6§§iﬁH%PBE%AOUS (TV), intratunoral
(IT), intralesional (IL), aerosal, percutaneous, oral, endoscopic, topical,
intranmuscular (IM, intradermal (I1D), sublingual (SL), intraocular (10),

i ntraperi4nedle (dead fof aoiside difplwHeldd) , the ninoknaatdb ¢f Npid imtthacatiemer al
(1C., intraorgan (e.q.'intrahepatic) sl ow rel ease inmplant, or subcutaneous
adni ni st r at i onliPRsPmg; 96%@H¥@ﬂ?§¥W&%ﬂusing an osnotic or nechani cal punp

53. The nethod of .claim 43, wherein the brain cancer is a gliong,
astrocytoma or a glioblastoma. 54. A nethod of treating cancer in a

patient . SONPFiicShAMoREM:RIS b8 WRGeihQhd Meighe o BREGHAREh Hemaskien de
cationic |'iposone conplex prepared by the nethod of claim 1.
liposome is about 0.01:1 to about 0.5:1.

50. The method of claim 49, wherein the weight ratio of TfRscFv:lipid in the cationic
liposome is about 0.3:1 to about 0.4:1.

51. The method of claim 50, wherein the weight ratio of TfRscFv:lipid in the cationic

liposome is about 0.33:1.

52. The method of claim 43, wherein the administration is intravenous (IV),
intratumoral (IT), intralesional (IL), aerosal, percﬁtaneous, dral, endoscopic,
topical, intramuscular (IM), intradermal (ID), sublingual (SL), intraocular (10),
intraperitoneal (IP), transdermal (TD), intranasal (IN), intracereberal (IC),
intraorgan (e.g. intrahepatic), slow release implant, or subcutaneous

administration, or via administration using an osmotic or mechanical pump

53. The method of claim 43, wherein the brain cancer is a glioma, astrocytoma or a

glioblastoma.

54. A method of treating cancer in a patient, comprising administering to the patient a
targeted temozolomide cationic liposome complex prepared by the method of

claim 1.



- 75 - 55. The nethod of claim54, wherein the ligand is an antibody, an
anti body fragnent or a protein. 56. The nethod of claimb55, wherein the
ligand is a single chain Fv antibody fragment. 57. The nethod of claim 56,
wherein the single chain Fv antibody fragment is an anti-transferrin
receptor single chain Fv (TfRscFv)._758. The nethod of claim54, wherein
tenbzolom de is admnistered to the patient at a dose of about 10 ng/nR to
about 500 ny/nR2. 59. The nethod of claim58, wherein tenozolomde is

admi ni st ebéd The mgdogaf tleim Shtwherelp e ligand firoan antibody Anntikp dyfagmeas® ny/ nL.
60. The nethod of .claim54, wherein the molar ratio of |ipid:tenpzolonm de
is about 0.1:1to about 5:1. 61. The nethod of claimb57, wherein the nolar
ratio of |ipid:tenpzolomde is about 0.5:1 to about 2:1. 62. The method of
cl aim 60, wherein the nolar ratio of |ipid:tenozolomde is about 1:1. 63.
The met hod6.of Thd miethio8 4f claine f Biwherdie thediggint] is asingle ohaih Fgantbddyragnment.about
0.01:1 to about 0.5:1. 64. The nethod of claim 63, wherein the weight ratio
of ligand:lipid is about 0.3:1 to about 0.4:1. 65. The method of claim 54,

of 11 65 The method of
N7 al osi Okl 1[4 Ry oA S iteiBganes e B aBueR! Beementy e

anti-transferrin receptor single chain Fv (TfRscFv).

58. The method of claim 54, wherein temozolomide is administered to the patient at a

- dose-of about 10 mg/m? to about 500 mg/m’.

59. The method of claim 58, wherein temozolomide is administered to the-'patient ata

dose of about 50-mg/m? to about 250 mg/m>.

60. The method of claim 54, wherein the molar ratio of lipid:temozolomide is about

0.1:1 to about 5:1.

61. The method of claim 57, wherein the molar ratio of lipid:temozolomide is about

0.5:1 to about 2:1.

62. The method of claim 60, wherein the molar ratio of lipid:temozolomide is about

1:1.

63. The method of claim 54, wherein the weight ratio of ligand:lipid is about 0.01:1 to
about 0.5:1.

64. The method of claim 63, wherein the weight ratio of ligand:lipid is about 0.3:1 to
about 0.4:1, |

65. The method of claim 54, wherein the administration is intravenous (IV),

intratumoral (IT), intralesional (IL), aerosal, percutaneous, oral, endoscopic,



topical, intramuscular (IM, intradermal (1D), sublingual (SL), intraocular
(1Q), intraperitoneal (I1P), transdermal (TD), intranasal (IN),
intracereberal (1C, intraorgan (e.g. intrahepatic), slow release inplant,
or subcutaneous adm nistration, or via adm nistration using an osnotic or
mechani cal punp 66. The nethod of clygi.m 54, wherein the cancer is head and
neck cancer, breast cancer, prostate cancer, pancreatic cancer, brain
cancer, neuroendocrine cancer, cervical cancer, |lung cancer, |iver cancer,

| i posar coma, r itemeibripvemnssslen (IMhontradsamel (Bwesublieguah (519, intebrwlab(I@3t ona,

ovari an - cancer [ nitahkpcancer SiAhC cancer, | arect al, can ,

mul tiple nyel o?%yag(ré)g%n%agn@ég %%nstd ﬁré"%gl g)%@’.m%?flas?lhéﬁﬁmlﬂﬁac%?be&ﬁaﬁﬁ’%,
wherein the brﬁitfhoﬁg’&ﬂcqé.gi S irdrallbpHTR, E6WI Gelh@Bindla, Jbt ObhtREABFs 68.
The met hod of claim54, further conprising adm nisteri n% an addi ti onal

t herapy to theagainismRiionoryéntsimmatsiranomiusing ahesmetiqusreerhering 2o de
cationic liposone conplex. 69. The nethod of claim68, wherein the

addi ti onal therapy conprises adm nistration of a chenotherapeutic agent, a
smal | mol ggul ene fa@ba@bl Qffint 5L WARYeiR thdcalbGi€h&danl e 08380t BiRh@RYnced 0 The
met hod of claim69, wherein the nucleic acid-based therapy conprises

admi ni st r at i onpwftate eacdropinsrdatip cannes, rainpheser cenumendoapeaapteasarrdcdDNA

expressing w ld-type .p53. 71. A nethod of prgparing a targeted nel phal an
cationic Ii posSarP_r?gIEo ex “RGirr ﬁ?rngfanc-er’_77ﬁ&’s€“i?f’g’ﬁre fﬁ"rq%ﬂﬁ‘ya%?ﬂ i on of
nel phal an; (¢) cKBrocA@inbhR, HeRindmaQtdtinoBRstidal ot fRin Tahitr] @B g&fitaeidfBal an;
(d) injecting the m xture of |ipid and nel phal an into an aqueous sol ution,

thereby form ngasriqesnpiasalpreetat ¢ansei Muliirls awisloniayr aancerepfthreblaed-phal an

- cationic Ii posorme with a ligand to formthe targeted nel phal an cationic

i posone, wherein the ligand is directly conplexed with, but not chenmically

.conj ugat eg- t t i- QN i - 72T t hod. of ' ' erein
Che Dot e o me6aich S od. RASREE thefrain O 1Ofidl, et ol
' glioblastoma. o :

68. The method of claim 54, further comprising administering an additional therapy to
- the patient in combination with the targeted temozolomide cationic liposome

complex.

69. The method of claim 68, wherein the additional therapy comprises administration
of a chemotherapeutic agent, a small molecule, radiation therapy or a nucleic

acid-based therapy.

70. The method of claim 69, wherein the nucleic acid-based therapy comprises
administration of a cationic liposome complex comprising a plasmid DNA

expressing wild-type p53.

71. A method of preparing a targeted melphalan cationic liposome complex,

comprising:

(a) preparing a lipid solution comprising one or more cationic lipids in

ethanol;



73. The nmethod of claim 72, wherein the ligand is a Single chain Fv

anti body fragnent. 74. The nethod of claim 73, wherein the single chain Fv
anti body fragnment is an anti-transferrin receptor single chain Fv
(TfRscFv). 75. The method of claim 71, wherein the solution of nelphalan is
prepared in absolute ethanol plus_khydrochloric acid. 76. The nethod of
claim71l, wherein the |ipid solution conprises

1, 2-di ol eoyl- 3- tr|nethylannonlunpropane(E[WAP)and

1, 2- di ol eoyl - sfP)gl ypesperime pidsivivelnelpbalawi ne (DOPE). 77. The method of
cIa|n171 wherein the solution of nel phalan is prepared at a concentration

of ‘about 1 mM ﬁcghabﬁl'&méﬁ%lggwl sc?l thJ%h%é&%lo%fofqﬁ%]ggfl 7 wherein the

sol uti on of me alan i at a concentration dbout 50 mMMto
about 200 MM - 78 - 79. The nethod of claim71, wherein the nolar ratio
of i pid: nel phed)an injeaaihguhe thidtute bbli@hbartd Bielphaldf.infbhan agtdood salfitied,ai m 79,

wherein the nol ar l.ipid 4&?4%& al an 1 about 0.5:1 to about 2:1. 81.
The met hod of claln¥ 5’Y%W€PB AR ﬁ?mPﬁtﬂﬁyﬁ?Qllpld mel phal an i s about
1:1. 82. The nethod of claim 71, wherein the weight ratio of ligand:|ipid

i's about 0.01:{)to aPaH tHe nlphal&icatibiR 15&5&@@!@5 aqﬂgaﬁdno&am wheageRdt he
wei ght ratio o Ilgand ipidi1s about 0.3:1 to about 0.4
melphalan cationic liposome, wherein the ligand is d1rect1y complexed

with, but not chemically conjugated to, the cationic liposome.

72. The ﬂlethod_of claim 71, wherein the ligand is an antibody, an antibody fragment or T

‘a protein.
73. The method of claim 72, wherein the ligand is a single chain Fv antibody fragment.

74. The method of claim 73, wherein the single chain Fv antibody fragment is an

anti-transferrin receptor single chain Fv (TfRscFv);

75. The method of claim 71, wherein the solution of melphalan is prepared in absolute -

ethanol plus hydrochloric acid.

76. The method of claim 71, wherein the lipid solution comprises
1,2-dioleoyl-3-trimethylammonium propane (DOTAP) and
1,2-dioleoyl-sn-glycero-3-phosphoethanolamine (DOPE).

77. The method of claim 71, wherein the solution of melphalan is prepared at a

concentration of about 1 mM to abbut 200 mM.

78. The method of claim 77, wherein the solution of melphalan is prepared at a

concentration of about 50 mM to about 200 mM.



84. The nethod of claim 74, wherein the weight ratio of TfRscFv:lipid is
about 0.33:1. -85. A nethod of preparing a targeted nel phalan cationic

| i posome conpl ex, conprising: (a) preparing a lipid solution conprising
1, 2-di ol eoyl1-3-trinmet hyl amtmoni um propane (DOTAP) and

1, 2-di ol eoyl - sn-gl ycer o- 3- phosphoet hgnol am ne (DOPE) i n et hanol ; (b)
preparing a solution of nelphalan (c) mxing the lipid solution with the
sol ution of nel phal an; injecting the m xture of |ipid and nel phal an

into an adleolis wethge 0§ ﬁlalf{l Hér wheremghgimplargae Pﬁh@lﬂdﬂelﬁlﬁl%ﬁ@éomﬁ bdone;

(e) mxing the gl phakan cationic |iposome with an anti-transferrin

recept or S|ngle chain Fv (TfRscFv) to formthe targeted nel phal an cationic
| i posonme conpl ex, wherein the TfRscFv is directly conplexed with, but not
chem cally conjugated to, the cationic |liposone. - 79 - 86. The nethod of
cl ai m 85, 8&heTle methhé of olain i78nwheéremehp hmlamatic oplipgdandphalan mkboktt B1et hanol
pl us hydrochlo& ac%q 87. The nethod of claim85, wherein the solution of
mel phalan is p é@ at a concentration of about 1 nMto about 200 mM 88.
The nethod of claim87, wherein the solution of nelphalan is prepared at a
concentration of about 50 mMto about 200 mM 89. The net hod of. cl ai m 88,

wher ei n t8ke sHethéthod of claid phiallafcih shepmheparatid oftlipid: melphalah ivdboan] of about
145 mMto about 150 nM 90. The method of claim 85, mhereln the nolar ratio
of |ipid: el phalan is about 0.1:1 to about 5:1. -

82. The method of claim 71, wherein the weight ratio of ligand:lipid is about 0.01:1 to
about 0.5:1. B

83. The method of claim 82, wherein the weight ratio of ligand:lipid is about 0.3:1 to
about 0.4:1.

84. The method of claim 74, wherein the weight ratio of TfRscFv:lipid is about 0.33:1.
‘85. A method of preparing a targeted melphalan cationic liposome complex,

comprising:

(a) preparing a lipid solution comprising 1,2-dioleoyl-3-trimethylammonium
propane (DOTAP) and 1,2-dioleoyl-sn-glycero-3-phosphoethanolamine
(DOPE)in ethanol; '

(b)  preparing a solution of melphalan;
(c) mixing the lipid solution with the solution of melphalan;

(d) injecting the mixture of lipid and melphalan into an aqueous solution,

thereby forming a melphalan cationic liposome;

(e) mixing the melphalan cationic liposome with an anti-transferrin receptor
sing]e chain Fv (TfRscFv) to form the targeted melphalan cationic
liposome complex, wherein the TfRscFv is directly complexed with, but

not chemically conjugated to, the cationic liposome.



91. The nethod of claim 90, wherein the nolar ratio of |ipid:nelphalanis
about 0.5:1 to about 2:1. 92. The nethod of claim 91, wherein the nolar
ratio of |ipid:nelphalan is about 1:1. 93. The nethod of claim 85, wherein
the weight ratio of TfRscFv:lipid is about 0.01:1 to about 0.5:1. 94. The
met hod of claim93, wherein the weLght. ratio of TfRscFv:lipid is about
0.3:1 to about 0.4:1. 95. The nethod of claim93, wherein the weight ratio
of TfRscFv:lipid is about 0.33:1. 96. A nethod of treating cancer in a
patient, &6nprhemethod@iiclaim 88 vigeindhe badutien pemelphalan isgrrepatedial ghsealuten

cationic Iiposg&g@&%ﬂyl fod ?ﬁ%&ﬂLthe targeted mel phal an cationic |iposone
conpl ex conprises:  *- %ﬁ§€ a) a cationic |liposonme conprising

1, 2-di ol eoyl- 3-trinmet hyl ammoni um propane (DOTAP) and

1, 2-di ol eoyl -sn- gl ycer o- 3- phosphoet hanol am ne (DOPE); (b) nel phal an; and
(c) a ligand The ecthod obrjairex&sy whdréin thatsohgioncbf metptlalay Boprepayad ed at 0, t he
cationic liposone. 97, The nethod of claim9 wherein the ligand is an
anti body, an aﬁ@FﬁBﬁ?“PﬁgﬁhgﬁﬁIBgigzﬁwﬁfgﬂkmg§8. The net hod of claim 97
wherein the ligand is a single chain Fv antibody fragnent. 99. The net hod
of claim98, wherein the single chain Fv antibody fragnent is an

~anti -trangg er Thé) meBERPHP Clafth e, Bvifdhiéth NthEVsolubfors6f Mielphalan is prepared at a

concentration of about 50 mM to about 200 mM

89. The method of claim 88, wherein the solution of melphalan is prepared at a

" concentration of about 145 mM to abbﬁt- 150 mM.

90. The method of claim 85, wherein the molar ratio of lipid:melphalan is about 0.1:1

to about 5:1.

91. The method of claim 90, wherein the molar ratio of lipid:melphalan is about 0.5:1

to about 2:1.
92. The method of claim 91, wherein the molar ratio of lipid:melphalan is about 1:1.

93. The method of claim 85, wherein the weight ratio of TfRscFv:lipid is about 0.01:1
to about 0.5:1.

94. The method of claim 93, wherein the weight ratio of TfRscFv:lipid is about 0.3:1 to
about 0.4:1.

95. The method of claim 93, wherein the weight ratio of TfRscFv:lipid is about 0.33:1.

96. A method of treating cancer in a patient, comprising administering to the patient a
targeted melphalan cationic liposome complex, wherein the targeted melphalan

cationic liposome complex comprises:



100. The nethod of claim 96, wherein the nmel phalan is admnistered to the
patient at a dose of about 1 ng/n2 to about 100 ng/nR2. 101. The nethod of
cl ai m 100, wherein the nelphalan is admnistered to the patient at a dose
of about 5 ng/n2 to about: 20 ng/nk. 102. The nethod of claim96, wherein
the nmolar ratio of lipid in the catiggnic |iposone: nelphalan is about 0.1:1
to about 5:1. 103. The method of claim 102, wherein the nolar ratio of
lipid in the cationic |iposone: nel phalan is about 0.5:1 to about 2:1. 104.
The met hod of ¢d)ai nr108jomhelimisomeheompiriaingr dt3-diotdoyl-B rivhethylanmomgami oni ¢

| i posone: nel phal an i s_abo Wby . 281,-..105.. The net hod of claim 96,
whbrein the wergnt PRPRE HPoTiby st a0yt SreinoSh B abou
0.01:1 to about O.5{30pPEfR6. The method of claim 105, wherein the weight
ratio of ligand:lipid in the cationic |iposone is about 0.3:1 to about
0.4:1. 107. The method _ of claim99, wherein the weight ratio of

TfRscFv: lipid M t heehelasmnd | i posone is about 0.33:1. 108. The nethod of
claim 96, wherein the admnistration is intravenous (1V), intratunoral

(I'T), intral esjgnal , (; : i ) I . al ,
endoscopi c, to%?cal?@%%%¥g%%? ﬁ%ﬁﬁ%ﬁ%%, %Aﬁ?ggg?#%P&?P%#%ﬁgﬁggggb@Far
(JO, intraperitonedadtioficRipos¢tmansdermal (TD), intranasal (IN),

intracereberal (1C), intraorgan (e.g. intrahepatic), slow release inplant,
or subcutaneous adm nistration, or via adm nistration using an osnotic or

nmechani c 109. . The . foelaim96, wherejn the.canger is head and
neck cancer - fiRadiod driupRe MRin Bathd b an b e ARERLEREmER o7
cancer, neuroesngRgdihne cancer, cervical cancer, |lung cancer, liver cancer,

| i posarcoma; rhabdomyosarcona, choriocarcinoma, nelanoma, retinoblastons,
ovari an cancer, urogenital cancer, gastric cancer, colorectal cancer,

“multiple el ona o ncer_. of the bl ood,. 11Q. The nethod of clai m 109,
sherein 130 Chedasthedoraiiny  &higran tiedizand is 2 sppgle Rt BY apfbady dragmet:
further conprising admnistering an additional therapy to the patient in
conbination with the targeted nel phalan cationic |iposone conpl ex.

99. The method of claim 98, wherein the single chain Fv antibody fragment is an

anti-transferrin receptor single chain Fv (TfRscFv).

100. The meth<—)d of claim 96, wherein the melphalan is administered to the patient at a

dose of about 1 mg/m? to about 100 mg/m”.

101. The method of claim 100, wherein the melphalan is administered to the patient at a

dose of about 5 mg/m” to about 20 mg/m”.

102. The method of claim 96, wherein the molar ratio of lipid in the cationic

liposome:melphalan is about 0.1:1 to about 5:1.

103. The method of claim 102, wherein the molar ratio of lipid in the cationic

liposome:melphalan is about 0.5:1 to about 2:1.

104. The method of claim 103, wherein the molar ratio of lipid in the cationic

liposome:melphalan is about 1:1.



112. The nethod of claim 111, wherein the additional therapy conprises
adm ni stration of a chenotherapeutic agent, a snmall nolecule, radiation
t herapy or a nucleic acid-based therapy. - 82 - 113. The nethod of claim
112, wherein the nucleic acid-based therapy conprises admnistration of a
cationic |iposone conplex conprisingja plasm d DNA expressing wld-type
p53. 114. A nmethod of treating cancer in a patient, conprising
adninisteringg:o the patient a targeted nel phal an cationic |iposone

r

conpl ex, Wer Bieymethed of clpeme?p, ieiepialtho weteht satiocof ligraddipid sothsl aagionic
conprises: (a)j. .00 i 51 Sing

1, 2- di ol eoy1l- 3!11?%5?%56%031%‘3?3%@%?‘%?%’&- (DOTAP) and

1, 2-di ol eoyl - sn-gl ycer o- 3- phosphoet hanol am ne (DOPE); (b) nel phal an; and
(c) an anti-transferrin receptor single chain Fv (TfRscFv) directly

conpl exed1§6. t The hethodof claime 06 awhsremothe wgagle datioof ligemddatid dnibe datipris one.
115. The method of claim 114, wherein the nel phalan is adm nistered to the
patient at a d@%‘@owl%ﬁlﬁ’ﬂf&%lﬂﬁ/ utt(g‘létbout 100 ng/ n2.. 116. The nethod of
claim 115, wherein the nel phalan is admnistered to the patient at a dose
of about 5 ng/m to about 20 ng/m.. 117. The nethod of claim 114, wherein
the mol ar107atTHe Méthdd Bf flain199 heheaihitheiveight R OTEREIRAYi@M the caieie 0. 1.1
to about 5:1. 118. The nmethod of claim 117, wherein the nolar ratio of
lipid in the céRdsemeés shopbdddd: nel phal an is about 0.5:1 to about 2:1. 119,
The met hod of claim 118, wherein the nolar ratio of lipid in the cationic
| i posone: nel phal an i s about 1:1.

108. The method of claim 96, wherein the administration is intravenous (IV),
intratumoral (IT), intralesional (IL), sublingual (SL), acrosal, percutaneous, oral,
endoscopic, topical, intramuscular (IM), intradermal (ID), intraocular (IO),
intraperitoneal (IP), transdermal (TD), intranasal (IN), intracereberal (IC),
intraorgan (e.g. intrahepatic), slow release implant, or . subcutaneous

administration, or via administration using an osmotic or mechanical pump

109. The method of claim 96, wherein the cancer is head and neck cancer, breast cancer;
prostate cancer, pancreatic cancer, brain cancer, neuroendocrine cancer, cervical
cancer, lung cancer, liver cancer, liposarcoma, rhabdomyosarcoma,
choriocarcinoma, melanoma, retinoblastoma, ovarian cancer, urogenital cancer,

gastric cancer, colorectal cancer, multiple myeloma or a cancer of the blood.
110. The method of claim 109, wherein the cancer is multiple myeloma.

111. The method of claim 96, further comprising administering an additional therapy to
the patient in combination with the targeted melphalan cationic liposome

complex.

112. The method of claim 111, wherein the additional therapy comprises administration
of a chemotherapeutic agent, a small molecule, radiation therapy or a nucleic

acid-based therapy.



- 83 - 120. The nethod of claim 114, wherein the weight ratio of
TfRscFv:lipid in the cationic |iposone is about 0.01:1 to about 0.5:1. 121.
The net hod of claim 120, wherein the weight ratio of TfRscFv:lipid in the
cationic |liposone is about 0.3:1 to about 0.4:1. 122. The nethod of claim
121, wherein the weight ratio of TtRgcFv:lipid in the cationic |iposone is
about 0.33:1. 123. The nethod of claim 114, wherein the adm nistrati on IS
intravenous (1V), intratunoral (IT), intralesional (IL), aerosal,

‘per cut anedid, Tt methashgbstaimi £12, twhsreial thelmuqlfamﬁstshb@cd (thmpy icomprisksr nal
(1D, sublingug eritaon (I I der mal
(TD), int ranasa%n%]?kﬁa,twh%%%g{rf&gg 1&1309%1}1&) raglin % 8@8{%# rﬁ%‘patl c),

sl ow rel ease i spprassing wild-spe@dBaneous admi ni st ration, or vi a adm nistration
usi ng an osnotic or nechani cal punp 124. The net hod of claim 114, wherein
the cancer is multiple nyeloma. 125. A method of treating cancer in a

atient, I Si m ni steri n o the pati.ent targeted | phal an
(I?at i onic Ef‘gpoé Q‘gdogﬁg CROR FRSAT W‘ef’hé?gmf‘ﬁlﬁa aalFmBFt g tf’ltgef #ent §he
met hod of cl ai frde®) mehpRAEGH Ratidifc. hF&@m otnfBx, A drBa die ta?ibt&ﬁltn'egﬂl 0 nd s

fragment or a protein. 127. The nethod of clai'm 126, wherein th
a single chai nca:mnmimom@uywmalgmﬁmpn_s_@s The net hod of claim 127, wherein
the single chal n Fv anti body fragnent |s an anti-transferrin receptor

single chain TfRs Fv .The t f,claim.,125 wherein
nel phal an is a hi ni &t garm%’ G o Rog%m%a {mprsing gﬁa%‘glgoglﬁﬁ%ﬁg] L
about 100 ng/ n2.. 130panth@OEARPAn®T1,THidbyLaR glyebRr BbRosphbah@lodinihe :
adm nistered to the(rs)&t)}iz)gnt at a dose of about 5 ng/nk2 to about 20 ny/nR2..

(b) melphalan; and
(c) an anti-transferrin receptor single chain Fv (TfRscFv) directly complexed

with, but not chemically conjugated to, the cationic liposome.

115. The method of claim 114, wherein the melphalan is administered to the patient at a

" dose of about 1 mg/m? to about 100 mg/m°..

116. The method of claim 115, wherein the melphalan is administered to the patient at a

~ dose of about 5 mg/m” to about 20 mg/m”>..

117. The method of claim 114, wherein the molar ratio of lipid in the cationic

liposome:melphalan is about 0.1:1 to about 5:1.

118. The method of claim 117, wherein the molar ratio of lipid in the cationic

liposome:melphalan is about 0.5:1 to about 2:1.

119. The method of claim 118, wherein the molar ratio of lipid in the cationic

liposome:melphalan is about 1:1.



131. The nethod of claim 125, wherein the nolar ratio of |ipid:nelphalanis
about 0.1:1 to about 5:1. 132. The nethod of claim 128, wherein the nolar
ratio of |ipid:nelphalan is about 0.5:1 to about 2:1. 133. The nethod of
claim 131, wherein the nolar ratio of l|ipid:melphalan is about 1:1. 134.
The net hod of claim 125, wherein thg3weight ratio of ligand:lipid is about
0.01:1 to about 0.5:1. 135. The nethod of claim 134, wherein the weight
ratio of i and:IiPid is about 0.3:1 to about 0.4:1. 136. The nethod of

cl ai m 125 12hhEhemsthod of glaim Al b twhersin thq weight reto €A dtRscFyNipid inrthe eationisr al.

(IT), intral esziﬁﬁ%lme(ikla?aoué%?flollst%lﬁbg?teéglit aneous, oral, endoscopic, topical,
) Aal 0.3,

i ntranuscul ar I'ntraderm subl i ngual (SL), intraocular (JO,
intraperitoneal (I1P), transdermal (TD), intranasal (IN), intracereberal
(1C, intraorgan (e.g. intrahepatic), slow release inplant, or subcutaneous
adm ni st r 421.0fhe methed af ddim h2G twhetrdin thangeight ratio o8 TR scEv:tipidnie eleagzitioaic punp

137. The nethoﬂﬁg%ggggéﬂ%éﬁg%¥&ﬂg&ﬁiﬁéthe cancer i s head and neck cancer,

breast cancer, dtic cancer, brain cancer,

neur oendocri ne cancer, cervical cancer, |ung cancer, |iver cancer,

| i posar coma, rhabdomyosarcoma, - 85 - choriocarcinoma, nelanona,

reti nobl as2nEhe Muthod aficlaidn CEY, whetedg ehel welphtaaie 6f TIREAE:lipid if #C&Ffionic

col orectal cancer, multiple nyeloma or a cancer of the blood.. 138. The

met hod of cl ai HPosgme 1GAREPA3the cancer is nultiple nmyel oma. 139. The

met hod of claim 125, further conprising adm nistering an additional therapy
to the patient in conbination with the targeted nel phal an cationic |iposone

conpl ex. 0. THEN G MRINQE Hint 13k My Pein WRE' KirRintsR8tGAdL i g nowf(r@j?lye

conprises adm nistration of a chenotherapeutic agent, a sna nmol ecul e,
radi ati on t herapytugroral UL wirelesional- &3 eakrosabr ppyutarebis, dlak erelobapicnf cl ai m

140, wherein the. nucleic acid-based t.her conpri ses mnistration of a
cationic |ipo§SREaQ&HEP@¥°@SHGBﬂsFﬁﬁdgnﬁﬁgﬁ%%aﬁﬁﬂng%éig§§Fﬂ§> Ik ype
p53. intraperitoneal (IP), transdermal (TD), intranasal (IN), intracereberal (IC),

' intraorgan (e.g. intrahepatic), slow release implant, or subcutaneous

administration, or via administration using an osmotic or mechanical pump
124. The method of claim 114, wherein the cancer is multiple myeloma.

125. A method of treating cancer in a patient, comprising administering to the patient a
targeted melphalan cationic liposome complex prepared by the method of

claim 71.

126. The method of claim 125, wherein the ligand is an antibody, an antibody fragment

or a protein.

127. The method of claim 126, wherein the ligand is a single chain Fv antibody
fragment. |

128. The method of claim 127, wherein the single chain Fv antibody fragment is an

anti-transferrin receptor single chain Fv (TfRscFv).



142. A nethod treating a brain cancer in a patient, conprising
admnistering to the patient: (a)a cationic |iposone conplex conprising:

(1) acationicliposonmeconprising 1, 2-diol eoyl-3-trimethyl anmoni um propane
(DOTAP) and 1, 2-di ol eoyl -sn-gl ycero- 3-phosphoet hanol ami ne (DOPE); (2) a
pl asm d DNA expressing wild-type p58z-and (3) an anti-transferrin receptor
single chain Fv (TfRscFv) directly conplexed with, but not chemcally
conjugated to, the cationic Ii£osone; and (lb)'gem)z.o] omde. - 86 - 143. The
net hod of 129.aifhe methodvgfedlaimnl 3%, avhegain Zo¢iohal e 1s admigisianeds toethe patienttai@ same

time or after hg&qﬁ%@@“ﬁg@ﬁg%ﬁ l(b%ggé/ﬁ?;:. 144. The met hod of claim 142,

wherein the tenbzo m ni ster the patient at a dose of about
10 ng/ nm2 to about 500 ng/nR2. 145. The nmethod of claim 144, wherein the
tenmozolomde is admnistered to the patient at a dose of about 100 ng/nR to
about 25013@/ TiRe mtthod offvbaimel2to dvhefeinimdlphadhis adnensicned toethaghatientsdt mat i on

is intravenous (1V), .intratunor I.-J), jntralesional (IL), aerosal,
per cut aneous, eﬁgsﬁl\&a@%‘ﬁéﬁgﬂé} é?gt’%‘%izyefpg)m ntranuscul ar (1M, intradernal
(I'D), sublingual (SL), intraocular (10), intraperitoneal (IP), transdernal

(TD), intranasal (IN), intracereberal (1C), intraorgan (e.g. intrahepatic),

sl ow rel ease Thaxhathbd of)dslais;ubzs;tmﬁ@mameadmamasibroalihmnel hal¥h & 2861 001:$t rati on
usi ng an osnotic or nechani cal punp. 147. The method of claim 142, wherein

the brain canctraboyt Flglioma, astrocytoma or gliobl astoma.

132. The method of claim 128, wherein the molar ratio of lipid:melphalan is about 0.5:1

to about 2:1.
133. The method of claim 131, wherein the molar ratio of lipid:melphalan is about 1:1.

134. The method of claim 125, wherein the weight ratio of ligand:lipid is about 0.01:1 to
about 0.5:1.

135. The method of claim 134, wherein the weight ratio of ligand:lipid is about 0.3:1 to
about 0.4:1.

136. The method of claim 125, wherein the administration is intravenous (IV),
intratumoral (IT), intralesional (IL),' aerosal, percutaneous, oral, endoscopic,
topical, intramuscular (IM), intradermal (ID), sublingual (SL), intraocular (10),
intraperitoneal (IP), transdermal (TD), intranasal (IN), intracereberal (IC),
intraorgan (e.g. intrahepatic), slow release implant, or subcutaneous

administration, or via administration using an osmotic or mechanical pump

137. The method of claim 125, wherein the cancer is head and neck cancer, breast
cancer, prostate cancer, pancreatic cancer, brain cancer, neuroendocrine cancer,

cervical cancer, lung cancer, liver cancer, liposarcoma, rhabdomyosarcoma,



148. A nethod of treating organophosphate poisoning in a patient,
conprising admnistering to the patient a targeted atropine cationic

| i posonme conpl ex, wherein the targeted atropine cationic |iposonme conpl ex
conprises: (a) a cationic |iposone conprising

1, 2-di ol eoyl- 3-trinet hyl ammoni um prgpane (DOTAP) and

1, 2-di ol eoyl - sn- gl ycer o- 3- phosphoet hanol am ne (DOPE); (b) atropine; and -
87 - 149. The nethod of claim 148, wherein the ljgand is an anti body, an
anti body fr agn@mnosarcawmaefr&lwomfwtmhléstﬁ@@hew BRI TPGONIAFHICET N t he
ligand is a SI y E"ﬁﬁﬁe claim
150, wherein t trg“i%g (ﬁgﬁe%&':b&%grhﬁ%@lg g’éﬂnag#t ?%g%ﬁﬁﬁ;i—?é ansferrin
receptor single chain Fv (Tf RscFv). 152. The met hod of cl aim 148, wherein
the atropine is admnistered to the patient at a dose of about 1 ng to
about 10 Mf. TiE3netibdofideino 3 bwhereai thel@acerwhmuliiple miyeloatar opi ne i s

adm nistered to the patient at a dose of about 2 ng to about 6 ng. 154. The
nmet hod of claim 148, wherein the nolar ratio of lipid in the cationic

| i posome: r-Qpin . | ai m
154, V\/ner1e3|?9t em&h‘%d%&%a bﬁmﬁkﬁ ﬁ%ﬁ%ﬁmﬁn ?eggl JF&%gg%rrﬁrgl%%lyrgpl ne is
about 0.5:1 tmhabpaﬂiene.lﬂ.coiaﬂﬁnaﬁlshewlrfht thedtapgeted anelpHddan cafi@tieilipokbrae nol ar
ratio of lipid in the cationic |iposone: atropine is about 1:1. 157. The
met'hod of cl ai A% wherein the weight ratio of ligand:lipid in the
cationic |liposone is about 0.01:1 to about 0.5:1.

140. The method of claim 139, wherein the additional therapy comprises administration
of a chemofherapeutic agent, a small molecule, radiation therapy or a nucleic

acid-based therapy.

141. The method of claim 140, wherein the nucleic acid-based thérapy comprises
administration of a cationic liposome complex comprising a plasmid DNA

expressing wild-type p53.

142. A method treating a brain cancer in a patient, comprising administering to the

+ patient:
(a) a cationic liposome complex comprising:

(1) a cationic liposome comprising
1,2-dioleoyl-3-trimethylammonium propane (DOTAP) and
1,2-dioleoyl-sn-glycero-3-phosphoethanolamine (DOPE);

(2) a plasmid DNA expressing wild-type p53; and

3) an anti-transferrin receptor single chain Fv (TfRscFv) directly
complexed with, but not chemically conjugated to, the cationic

liposome; and

(b) temozolomide.



158. The nethod of claim 157, wherein the weight ratio of ligand:lipid in
the cationic liposone is about 0.3:1 to about 0.4:1. - 88 - 159. The

nmet hod of claim 151, wherein the weight ratio of TfRscFv:lipid in the
cationic |liposone is about 0.33:1. 160. The method of claim 148, wherein
the adm nistration is intravenous (§4), intratunoral (IT), intralesional
(L), sublingual (SL), aerosal, percutaneous, oral, endoscopic, topical,
intranuscular (1M, intradermal (1D), intraocular (10), intraperitoneal

(1P), trak&detheamethodpf clagn rlé%a‘ylgmrelm th terepolpidedp administerey at thgispmer gan
(e.g. intraliepatiflfershOWsla gmkgghﬁpkx_or subcut aneous admi ni stration

or via adm nistration using an osnotic of nechanical punp. 161. The net hod
of claim 148, wherein the |iposone crosses the blood-brain barrier.

144. The method of claim 142, wherein the temozolomide is administered to the patient

at a dose of about 10 mg/m” to about 500 mg/m>.

145. The method of claim 144, wherein the temozolomide is administered to the patient

at a dose of about 100 mg/m” to about 250 mg/m™.

146. The method of claim 142, wherein the administration is intravenous (IV),

" intratumoral (IT), infralesi_onal (IL), aerosal, percutaneous, oral, endoscopic,'
topical, intramuscular (IM), intradermal (ID), sublingual (SL), intraocular (10), -
intraperitoneal (IP), transdermal (TD), intranasal (IN), intracereberal (IC),
intraorgan (e.g. intrahepatic), slow release implant, or subcutaneous

administration, or via administration using an osmotic or mechanical pump.

147. The method of claim 142, wherein the brain cancer is a glioma, astrocytoma or

glioblastoma.

148. A method of tfeating _organopho‘sphate poisoning in a patient, comprising
administering to the patient a targeted atropine cationic liposome complex,

wherein the targeted atropine cationic liposome complex comprises:

(a) a cationic liposome comprising 1,2-dioleoyl-3-trimethylammonium
propane (DOTAP) and 1,2-dioleoyl-sn-glycero-3-phosphoethanolamine
(DOPE);

(b) atropine; and

(©) a ligand directly complexed with, but not chemically conjugated to, the

cationic liposome.



149.

150.

151.

152.

153.

154.

155.

156.

157.

158.
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The method of claim 148, wherein the ligand is an antibody, an antibody fragment

or a protein.

The method of claim 149, wherein the ligand is a single chain Fv antibody

fragment.

‘The method of claim 150, wherein the single chain Fv antibody fragment is an

anti-transferrin receptor single chain Fv (TfRscFv).

The method of claim 148, wherein the atropine is administered to the patient at a

dose of about 1 mg to about 10 mg.

The method of claim 152, wherein the atropine is administered to the patient at a

dose of about 2 mg to about 6 mg.

The method of claim 148, wherein the molar ratio of lipid in the cationic liposome:

atropine is about 0.1:1 to about 5:1.

The method of claim 154, wherein the molar ratio of lipid in the cationic liposome:

atropine is about 0.5:1 to about 2:1.

The method of claim 155, wherein the molar ratio of lipid in the cationic liposome:

atropine is about 1:1.

The method of claim 148, wherein the weight ratio of ligand:lipid in the cationic

liposome is about 0.01:1 to about 0.5:1.

The method of claim 157, wherein the weight ratio of ligand:lipid in the cationic

liposome is about 0.3:1 to about 0.4:1.
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159. The method of claim 151, wherein the weight ratio of TfRscFv:lipid in the cationic

liposome is about 0.33:1.

160. The method of claim 148, wherein the administration is intravenous (IV),
intratumoral (IT), intralesional (IL), sublingual (SL), aerosal, percutaneous, oral,
endoscopic, topical, intramuscular (IM), intradermal (ID), intraocular (10),
intraperitoneal (IP), transdermal (TD), intranasal (IN), intracereberal (IC),
intraorgan (e.g. intrahepatic), slow release implant, or subcutaneous

administration, or via administration using an osmotic or mechanical pump.

161. The method of claim 148, wherein the liposome crosses the blood-brain barrier. )



