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BACKGROUND OF THE INVENTION Field of the Invention [0001]This
invention provides a method of making _aritib_ody- or antibody
fragment-targeted immunoliposomes and antibody- or antibody frag,i
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and efficient gene expression after systemic administration. The specificity
of the delivery- system is derived front the targeting antibodies or antibody
fragments. Relatecb?r g@%@g{ﬁﬁﬁ llﬁ%@ eytic for cancer would be
one that selectively a%e r gt ?@&&%ﬁ@%r the tumor
phenotype and would be nontoxic to normal cells. To date, the ideal
therapauligiemalngdyst that - an ideal. While cancer treatments involving

gene therapy have substantial promise, there are many issues that need
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efficient delivery of the therapeutic. molecules to the site(s). in the body
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viral f8igfits can be immunogenic, cytopathic or recombinogenic. The
generation of novel viruses with new targets for infection also raises the
the&%ﬁ%&l%ssibility that, once introduced into patients, these viruses

[oogguld be tm%@m@@%&%&ﬁﬂﬁﬁ%%@é}aﬂ%ﬁ@@e ey {ﬁ‘é{nsf%‘g‘[:é??‘vte % a%%%:ts a cellular

Consg&yentl , a significant amount of attention has been directe
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non-viral ve
appitacthioifers hannpiir ofaihvdnsates oueideral W@ cancer treatments involvin g

20QRHANEELR GMSADRANLL 4R/ BsthadoI9gies.for 9ane Aaliveny Most addressed
Sig@@%%’ﬂ%g g}‘é}ﬁl&c&'}m@ lf'@aqgggiep&haps foremost among the issues associated with
macromolecular treatments is the efficient delivery of the therapeutic molecules to the
site(s) in the body where they are needed. The ideal delivery vehicle would be one that
could be systemically administered and then home to tumor cells wherever they occur in
the body. A variety of delivery systems (“vectors™) have been tried, including viruses and
liposomes. The infectivity that makes viruses attractive as delivery vectors also poses their
greatest drawback.  Residual viral elements can be immunogenic, cytopathic or
recombinogenic. The generation of novel viruses with new targets for infection also raises
the theoretical possibility that, once introduced into patients, these viruses could be
transformed via genetic alteration into new human pathogens. Consequently, a significant
amount of attention has been directed at non-viral vectors for the delivery of molecular

therapeutics.  The liposome approach offers a number of advantages over viral



Moreover, since liposomes are not infectious agents capable of

seli-sepligatign, they pose no risk of evolving into new classgs Qfdn| t%%t{g%e
human pathogens. [00031Targeting cancer cells via liposomes can

achieved by modifying the liposomes so that they selectively deliver their
payload to tumor cells. Surface molecules can be used to target

Liposomes to tumor cells, because the molecules that decorate the

exterior of tumor cells differ from those on normal cells. For example, if a
lipasemdiagitherpropeire tr@dms;fagrin (e ancantinady, thﬁéyewi?r%unogenicity
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Often when cancer recurs, the tumors have acquwed increased resistance
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culiygsowith moderately good transfection efficiency (33). Features of

cationic Liposomes that make them versatile and attractive for DNA
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preparation; the ability to complex large amounts of DNA; versatility in use
[000&/lth any tfpeeind abioeeofoDiN AfdhaRixghidime adsiiyttd trathsisiomanmyvectors could be
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imrpun emutg orl%ko gzardou aehl ity (reviewed in 34, 35 More
|mportar?gJ ly from the perspec ectlve%o? grﬁxé% cancergt %If%tspyorc%atlgr‘fﬁ: human therapy,
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small'molecule therapeutlcs (e.g., antiftungal agents) are al réad
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with the highest cationic-charge-density potential, and a versatile vector

for gene and oligonucleotide transfer in vitro and in vivo, as first reported

by Boussif et al. (66). Since then, there has been a flurry of research

aimed at this polycation and its role in gene therapy (73). Cell-binding

ligands can be introduced to the polycation to 1) target specific cell types

and 2) enhance intracellular uptake after binding the target cell (13).

Erbacher et al. (67) conjugated the integrin-binding peptide 9-mer ROD

via a disulfide bridge and showed physical properties of interest for

systemic gene delivery. [0007]The transfection efficiency of both cationic

liposomes and cationic polymers, such as PEI, can be increased
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usg afligangs that are recognized by receptors on tumor cgjkswﬁg) 5%11407
antibodies also can be attached to the liposome surface (48) ena

them to be directed to specific tumor surface antigens (including but not

limited to receptors) (49). These "immunoliposomes,"” especially the

sterically stabilized immunoliposomes,-can deliver therapeutic drugs to a
specific target cell population (50). Parks et al.(51) found that anti-HER-2
MaBesana; aiacky (Vdéh)ERfragments comuyateaiaingsomesyith any type
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required for the therapy envisioned in this invention to be taken into

eventual human trials. Third, the scFv is a recombinant molecule (not a

blood product like TO and, therefore, presents no issues related to

potential contamination with blood borne pathogens. Additional

advantages of using the TfRseFy relate to the fact that Tf interacts with

the Ti?. with high affinity only after the ligand is loaded with iron.

Large-scale production of liposomes containing iron-loaded Tf may

present practical challenges. Thus, use of TfRseFy enables the tumor cell

TfR to be targeted by a liposomal therapeutic complex that does not

contain iron (itself implicated in cancer (58)). Fourth, without the Fe region

of the MAb, the problem of non-antigen-specific binding through Fe

rarantore ic aliminated (7Y NnE2 Tiimor <|<tinnreacenr (cane and the
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neuroblastoma and acute lymphoblastic leukemia (4), In addition, p53

protein transcriptionally regulates genes involved in angiogenesis, a

process required for solid tumor growth (5). Volpert et al. have proposed

that development of the angiogenie phenotype for these tumors requires

the loss of both p53 alleles (6). [00131Since it appears that most
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and radiation_could lower the effective dose of both types of anticancer

m&aAIGEY RErESSEHUTHIR EESBning the severe side effects often
[0008ksociatdtogitissthaskittesimedeny. kintilhovedhthwadtrrajority OEpEdigerasognition
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2095110%7&15%‘?‘2&%{%1%0&1{3Mb as a single polypeptide chain of approximate
molecular weight 26,000. This TfRscFv is formed by connecting the component VH and
VL variable domains from the heavy and light chains, respectively, with an appropriately
designed peptide. The peptide 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. The
binding site of an scFv can replicate both the affinity and specificity of its parent antibody

combining site.



targeted gene therapy has substantial promise as a novel and more

eftesdiva igical modality for cancer treatment. Moreover, the1s2007/011407

demonstrated tumor cell selectivity of our systemically delivered

ligand-liposome vvtp53 complex indicates the potential of this method to

sensitize even the distant micrometastases that arc the ultimate cause of

SO many prostate cancer deaths. 163171Components of intracellular

signaling pathways including, but not limited to receptor tyrosine kinases
[0010{RTKS) and nanseecepiardbaiasipe ikihases: (pereRT khesYf areleruieidtkelf or even an

(rjn?efl f%t%igtm%ﬁ(&%@hl%@%ww&i@‘HH%Q&QU RIlEeraiionim elevated levels of
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rentiation, migration, angiogenesis, cell cycle regulation etc. (B selg%, i
Stierids Sz nersrofFeEnd 5rﬁr8}a%%ro°§§r%o‘ia’?,vé~%ﬁEﬁﬁ&%r‘&%bsma or than
Thert 345, 8¢ 1967 In@E08Y, krausklzmd danhgttearbhBudvidviet-8938, kDa).  The
1723876092 h Maayef é@&ﬁecgghgiésl RathwRys Arederegmiated ifeent complex

cancer cells. Thus, RTKs and non-RTKs are gogd Iarﬁgts fct)r CANCEr 14 tumors
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Cancer 6,714-727 (2006)). These inhipifors. compete wit PAATR. .
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such as glipblastoma dermatofibrosarcoma protuberans. ayse tis, . o
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Cancer 4, 9560965 (2004)) and erlotinib (TARCEVAe") (Minna and Dowell
HERN VN SR SRR EPASBIY § --':'“ s&lE€tively inhibit
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'NSCLC and squamous cell carcinomas of the head and neck. They lation of
hains ufiBesenfPefiRisey B BRAKE 1P (RIS BB WK repair, Tegulation o
chemethesapeuticragemtsndhecd draliriaienioot 2 ok AvB g tions of these critical cell
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approyed for use in treatin vanced pancreatic cancer. Several Phase. .. .
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Ortbolp?33ane (2966)) Ve COTPLIISTIRTM ST 8 Qg mechanisms such as

[0QL§]mrallddalecienapants gai tianislocate dininighrdbeplasimather cancers), or

memprane 2o @%%?ﬁ%%é@%ﬁ%ﬁﬁm gomainof e call SHHasS pays a role

receptors and nq_trace ular sighaling molecules. Thus, small molecules arc

aldd BRYiGHeVEfEpR@ AL affect cancer cell proliferation and survival by
[001ihibiting BASqeserytatiofunRAk-MeKrkinesecEt34 Cinadertheand@&r types, with

paﬂ%%‘@l%&ﬁ%r&%@@@ih%@é@é@%&@f f%@%ﬂxﬁme?miﬁ)ﬁﬁ%h%?ééh%&er, 25-70% of

protein 9). They can also aﬁectnceil dhesion and invasi8p b inh‘jbiti 9k
SREIARALE P A RISt ato Ot ARES S Rib S o va "cﬁ¥§’r€ Endomefia- e
grawih ThewreEGE pinastnah atolbetihesroemagistydnhithien unfavorable prognosis for
nequascializAtioReS HEnRES: R0 REM dYPEe.af SMalimelesuis agaately found
Sorafenib (Ncxavar) exerts its inhibitory effect on different isoforms of

RAE serine kinase as well as various RTKs (VEGF, EGER, and FOCI")

(Arora and Scholar, J Pharmacol Exp Ther 315, 971-979 (2005)). This
"dual-action" kinase inhibitor shows broad-spectrum anti-tumor activity by
inhibiting tumor proliferation and angiogenesis (Marx Science 308,

1248-1249 (2005)). Sunitinib malate (SUTENT) is also a multitargeted TK
inhibitor of VEGF, PDGFR, KIT and ELIT3 (Marx Science 308, 1248-1249
(2005)). Potential targets for small molecule agents have also been

identified in the tibigititin-proteosorne pathway which is crucial in cell cycle

arrest and apoptosis (programmed cell death). A selective, reversible
inhihitor of the chyvvmotryyntie nroteace in the 2AE nrotencecnme Rorte7zonah




190211In accordance with this invention a variety of immunoliposomes

apg ﬁgjlml%lcomplexes have been constructed that are capglp 85%07/0 11407
tumor-targeted, systemic delivery of a variety of types of therapeutic

molecules for use in treating human diseases. The antibody-or antibody
fragment-targeted immunoliposomes or polymer complexes are made via

a simple and efficient non-chemical cofijugation method. These

complexes are equally as effective as, or more effective than, similar
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invention provides methods of preparing an antibody- or antibody
fragment-targeted cationic immunoliposome complex comprising

preparing an antibody or antibody fragment; mixing the antibody or

antibody fragment with a cationic liposome to form a cationic

immunoliposome, wherein the antibody or antibody fragment is not

chemically conjugated to the cationic liposome (but is directly
complexed/associated with the liposome); and mixing the cationic
immunoliposome with a small molecule to form said antibody- or antibody
fraginent-targeted-cationic



WO 2007/142781PC121182007/01.1407 immunoliposome complex. In

syisable, gmBpdiments, the antibody fragment is a single chain %ém 1407
fragment, such as an andtransferrin receptor single chain Fv ( va

[00251 Suitable lipids useful in preparing the small molecule-comprising

anionic immunoliposome complexes of the present invention include

mixtures of one or more cationic lipids7and one or more neutral or helper

lipids. Suitably, the antibody or antibody fragment is mixed with said
catiopigcippaanmbeadrs radio dnbtiamahgeofiabagt d 2060 ahbubdkedOffwetvy. clinical
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cationic lipasome, an antibody or antibody fragment, and a small
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cationic liposome, contained within a_ hydrocarbon chain region of the
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administration. tively, the complexes can glivered via ot
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pereitiase Qs cedtaseoniaritop ctdeditalitoars whgutapeotsi adndrsidadionment Treat
In Q%@Q@mgmsyvhe{gog}g)patlent is suffering from or predisposed to

cancer, the methods of thé present invention can further comprise

administering radiation or a chemotherapeutic agent to the patient, either

before, during, or after (e.g., at least 12 hours before, at least 12 hours

after, or at the same time) administration of the cationic immunoliposome
complex. Suitable chemotherapeutic agents include, but are not limited to,
dox.orubicin, cisplatin, mitoxantrone, taxotere and CDDP. The present

invention also provides methods of enhancing the effectiveness of a
chemotherapeutic agent comprising administering the small

molecule-comprising cationic immuno Liposomes of the present invention

in conjunction with the chemotherapeutic agent to a patient, either before,

during or after (e.g., at least 12 hours before, at least 12 hours after, or at
the ecame time) adminictratinn of the catinnic iIMmmiinoalinnenme comnpnlay



TfRscFv-liposome-DNA complex, made by simple mixing, to DUI45 cells

%8@55%?25@05 of protein/lipid and DNA/lipid. [00301Figur§gr %/X%Ptngm

results of an in vitro transfection assay using different mixing ratios o
TfaseFv:lipid in 1JU145 cells (Luciferase assay). 100311Figure 3 shows
the results of an in vitro transfection assay using different mixing ratios of
TfaseFv:lipid in rat C6 cells (Luciferage assay). 00321Figure 4 shows a
non-denaturing polyacrylamide gel demonstrating that >95% of the TfRsav

[ootsis boundsto. therlipespme. ok liRPsARIB ABSIRLRESItP R8N HgknlileRBdnd interact

igure 5A shows the resulis o X1 .1 cytotoxicity assay showing.the. .. ..
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ThasbRvidiposBme-pB3 prapkradepysingsie Raagdmdanigline sicghsarser cell
tf&&ﬁﬁ%ﬂ!ﬁ%ﬁf@Bdéi%wtegox{ﬁm@gmshﬂw@ttbe, ChHEFACERIN Rifivity, I3 Kinase,
mitox ne induced in DU145 cells treated with, . JTfRseEV:li :
e A o L S RSB S e eR bin o

(0B8] FigursoeKTaricests At IRTd st K TR By ek or matix
shawingghe-chemogansitiidty 40 GEMZARE) thadiat esfdwth iacreaficBsaiNchy small
Cerlxlxg.kgceu € C:c%oal?é?xr@xﬂgt bahabhitaaiad Wu{RscFv-liposome-p53
prepared by simple mixing. ] e e
[0619] A niew type of small molecule agent, Sorafenib (INexavar) exerts its inhibitory effect
on different isoforms of RAF serine kinase as well as various RTKs (VEGF, EGFR, and
PDGF) (Arora and Scholar, J Pharmacol Exp Ther 315, 971-979 (2005)). This
“dual-action” kinase inhibitor shows broad-spectrum anti-tumor activity by inhibiting
tumor proliferation and angiogenesis (Marx Science 308, 1248-1249 (2005)). Sunitinib
malate (SUTENT®) is also a multitargeted TK inhibitor of VEGF, PDGFR, KIT and FLIT3
(Marx Science 308, 1248-1249 (2005)). Potential targets for small molecule agents have
also been identified in the ubiquitin-proteosome pathway which-is crucial in cell cycle
arrest and apoptosis (programmed cell death). A selective, reversible inhibitor .of the
chymotryptic protease in the 26S proteosome, Bortezomb (Velcade), has been reported to
be effective against various cancers, particularly hematological malignancies
[0020] The anti-EGFR TK inhibitors are synthetic chemicals of ~500Da that are
administered orally, with half-lives of ~46 hours for (IRESSA®) and ~36 hours for
TARCEVA®. Because they are administered orally rather than intravenously, plasma
concentrations at the same dose of the small molecule therapeutic can vary between
patients (Dancy and Sausville Nature Rev Drug Discov 2, 116-124 (2003)). This is a
disadvantage of these agents as currently used. Thus encapsulating small molecule agents
in a tumor-targeting delivery complex that can be administered intravenously consistently
at the same dose, such as that of this invention, would improve their use as therapeutic
agents. Furthermore, encapsulation in such a ligand-liposome complex would protect the
small molecule agents from degradation further enhancing their efficacy. Untargeted
orally administered small molecule agents are not specific for tumor cells, a fact which
increases the risk of normal cell toxicity and adverse side effects. While these side effects
are generally mild (e.g. rash, acne, dry skin and pruritis) the gastrointestinal toxities

(nausea, vomiting, anorexia and particularly diarrhea) can be dose limiting. The most



[0036]Figure 7A shows the in vitro tumer targeting ability of the

systamicallyadministered TfRscFv-liposorne-EGFP complex preparad QY.
simple mixing at various ratios of DNA:lipid [0037]Figure 7B shows the in

vivo tumor targeting ability of the systemically administered
TfRsav-liposome-EGFP complex prepared by simple mixing in four

different tumors and using multiple b&tehes of the TfRscFv protein.

[0038]Figure 8 shows the effect of the combination of systemically

adminisie wdk TIRsCEvdipas oA ph3ipeepacacs e simptieomixing saadket kinase in

ragialonan Ohldn Umen B esinte xR0 mASAGNSANEINIR Ay by  tamor
showet e results of an XTT cytotoxicity assay showing chemosensitivit )
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HEeR2IOEN A PaedafiFtguingct Oaidhowsthel éffecfooithé rpombinatioraefterized by
Zygﬁ%\%!%@@mﬁgnTMﬁ%ﬁmf%%&e%\%éﬂﬁﬁé?y@@&l ?ﬁ\ﬂ;r 170 patients
R(r) on Pane | human pancreatic xenograft tumors. igur.
0 G Bt 18 CEETFA S S AT ARl Frarmac
TiRseFhelidSofTé-B7ASMER- ROBN artcTukdterd dinrphicmReigg has shown
h %g&iﬁﬂﬁ%@%&@&ﬁmm&@@%&&ﬁg yigild ehowsihaiainanc@inage caused

tumor |magrilgg rﬁs%n%;r m.the s §temicf adminjs ?t{)on offhe .
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Tl%e‘i‘—o\l/l-‘flposgme- A fS‘?%F:)X csorzrllrb ex.e[60_43% igure 12 showyst the
redieseEarihin Wit fr HHarsEHd Wﬁ%&f&?%fé‘éﬂ;ﬁ&gﬁﬁi%@ or any small molecule
TfRgakyvdREBlipogemenispletis iniPUEDRSMB«/88utelistfl ticiferdden of interstitial
asﬁﬁ‘é@monitis and other side effects. Moreover, direct delivery to the site where needed
(primary and metastatic disease), including in the brain, by the method of this invention
would also result in a decrease in the dose required for effective treatment, a further benefit

currently not pessible.

-BRIEF SUMMARY OF THE INVENTION -

{06021} In acéordance with this invention a variety of )immunoliposomes and polymer
complexes have been constructed that are capable of tumor-targeted, systemic delivery of a
variety of types of therapeutic molecules for use in treating human diseases. The antibody-
or antibody fragment-targeted immunoliposomes or polymer complexes are made via a
simple and efficient non-chemical conjugation method. These complexes are equally as
effective as, or more effective than, similar complexes prepared by chemical conjugation of
the antibody or antibody fragment to the liposome or polymer complex. If an antibody
fragment is used, the resultant complex is capable of producing a much higher level of
transfection efficiency than the same liposome-therapeutic agent or polymer-therapeutic
agent complex bearing the complete antibody molecule.

[0022] In accordance with the present invention, the single chain protein is not chemicaily
conjugated to the liposome or polymer. Rather, the antibody- or
scFv-liposome-therapeutic ' or diagnostic agent complex or the antibody- or
scPv—}')olymer—therapeutic or diagnostic agent complex is formed by simple mixing of the

components in a defined ratio and order. The antibody- or antibody fragment is complexed



[0044] Figure 13 shows the optimization of the molar ratio of GMC-5-193

Rg A_lz%)?g/m%lc and the effect of TfRseFv/LipA-HoICC/GMCP-g]-ﬂ1930 011407
complexes at different ratios of GMC-5-193 to LipA-HoKC on 00145

human prostate cancer cells. [0045]Figure 14 shows the effect of
IfRscFv/LipA-HOKC/GMC-5-193 complexes on different cell lines.

[0046]Figure 15A shows the effect ofitumor targeting iiposomal delivery of
GMC-5-193 on sensitization of MDA-MB-435 human melanoma cells to
dopanthicitsinah Beeipi-ipAa Rk &/ M PniiBd aamplexes Campaiedposome.
0 s Eitsad WORARIATAE TR IRLR BIOLR A0 ks avih the cationic
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doxeripisinpusingpbiRaer vékip A/ G tnpl 98 aamplekastcoropagedio fige). The
GMC-5-193 [Q048]Fi the eff f '
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GNIC-5-1932 RscFV/LipA/GMC-5-193 com Iexesg n sensijtizatjon of . .
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shawsihe-siissiafitunmadangeingsliposamatdelivernnoheMo-br i3 ange of about
(TTRscrv/LinAIGIVIC-5-193 complexes) on itizati Q .
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coREarRIE A G 2rHyT & ”ml\sr_tﬂg;lulezliposome/polmer complex).

[6023] The resultant therapeutic or diagnostic agent-antibody-liposome or therapeutic
agent-antibody-polymer complex can be administered to a mammal, preferably a human, to
deliver the agent to target cells in the mammal’s body. Desirably the complexes are
targeted to a site of interest; which can be a cell, including a.cancer cell or a non-cancer cell.
The targeting agent is an antibody or antibody fragment, which in one exemplary
embodiment binds to a transferrin receptor, and the target cell is a cell which expresses or
contains the target site of interest. If the auntibody or antibody fragment binds to a
fransferrin receptor, the target cell is a cell which expresses a transferrin receptor. The
therapeutic agent can be a small molecule, a nucleic acid, including a DNA molecuie and
suitably a DNA molecule which encodes a wild type pS3 molecule, Rb molecule or
Apoptin molecule or an antisense HER-2. The complexes, for example in a therapeutic
composition, can be administered systemically, preferably intravenously.

[06624] In an additional embodiment, the present invention provides methods of preparing
an antibody- or antibody fragment-targeted cationic immunoliposome complex comprising
preparing an antibody or antibody fragment; mixing the antibody or antibody fragment
with a cationic liposome to form a cationic immunoliposome, wherein the antibody or
antibody fragment is not chemically conjugated to the cationic liposome (but is directly
complexed/associated with the liposome); and mixing the cationic immunoliposome with a

small molecule to form said antibody- or antibody fragment-targeted-cationic



10051] Figure 16A shows the effect of tumor targeting liposornal delivery

%%@é%% on sensitization of normal human lung fibrol‘l),I }és%%?ﬁm

to doicorubicin using TfRscFV/LipA-1-ToKC/GMC-5-193 complexes.
[0052]-Figure 168 shows the effect of tumor targeting liposomal delivery of
GMC-5-193 on sensitization of normal human lung fibroblasts IMR-90 to
doxonibicin using TfRscFV/LipA/IGMC15-193 complexes. [0053]Figure 16C
shows the effect of tumor targeting liposornal delivery of GMC-5-193 on
sansiizafiposoheotongd lhximinstingifileimblestsdiv| RRO o ity Xaptreneis a single

using - ﬁ%ﬁ@ﬁé’lﬁpﬁéf?M_%%?éaﬁ%}w%@éplgp%ggw@n%ﬁ@@ﬁ@he

effect of tumor targeting liposomal delivery of CIV 193 . L
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humanpigsisie: cancericelsoidtiarotens. IDE550R (eiedt7/@ishoegsafiene or more

eft%?itoﬂfctHH}QJ &ﬂﬁ%@r@ Méﬁmﬂhﬂ&l W&Béﬂﬁ&&écsﬁiﬁa%& the antibody or antibody

(TfRscFV/LipA/CIMC-5-193 complexes) on sensitization of DU145 human
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(THRseINL RGN GHpexes)an seastiiptieseiMiPAnMBr4R®e and/or

oA PGB LGy - St e, foguige it

ot diftifereetidnREBiTRaR, 8RBt ShAtesiszph3 off further embodiments, the
cationic immunoliposome is mixed with the small molecule at a molar ratio in the range of
about 0.2:7 to about 14:7 (small molecule:immunoliposome), suitably at a molar ratio of
about 1:7 to about 12:7, about 1:7 to about 10:7, about 2:7 to about 9:7, about 4:7 to about
8:7, about 5:7 to about 8:7 or about 7:7 (small molecule:immunoliposome).

{0026] Small molecules for use in:the practice of the present invention suitably will have a
molecular weight of less than about 5000 Daltons; more suitably less than about 1000
Daltons, for example about 300 to.about 700 Daltons.. In.additional embodiments, the
small molecules have at least one pKa in the range of about 2 to'about 9. 'Suitable small
molecules for use in the practice of the present invention include anticancer small
molecules, including, but not limited to, GMC-5-193, YK-3-250, imatinib mesylate,
erlotinib hydrochloride, sunitinib malate, gefitinib and analogs and derivatives thereof. In
a further embodiment, the present invention provides small molecule-comprising cationic
immunoliposome complexes prepared by the methods described herein.

{06271 In an additional embodiment, the present invention provides antibody- or antibody
fragment-targeted cationic immunoliposome complexes comprising a cationic liposome,
an antibody or antibody fragment, and a small molecule, wherein the antibody or antibody
fragment is not chemically conjugated to said cationic liposome (but is directly
associated/complexed with the liposome). The small molecule may be encapsulated within
the cationmic liposome, contained within a hydrocarbon chain region of the cationic
liposome, associated with an inner or outer monolayer of the cationic liposome (including
the head-group region), or any combination thereof.

[0028] The present invention also provides methods of treating a patient suffering from, or

predisposed to, a disease state, such as, but not limited to, cancer, comprising administering



sensitization of B16/1:10 mouse melanoma cells to CDDP. 100581Figure

#?6\2%99?@7% vitro comparison of free GMC-5-193 or
RsCFV/LIpA/GMC-5-193 complex uptake in MDA-M13-435 CHffs2007/011407

100591Figure 19B shows in vitro comparison of free GMC-5-193 or
TfRscFv/LipA-HOKC/GIVIC-5-193 complex uptake in MDA-MB-435 cells.
[00601 Figure 20A shows enhancedtamor-specific uptake after systemic
administration by incorporation of a fluorescent small molecule in

TfﬁﬁcEﬁlﬁtpﬁ{@uﬁewﬁi@ﬁé'@m&m&Koﬁgg%i%@@&BSSG@W& present

enhanced t%n%tésﬁgggﬁ  uplake after systemic administiation Y, via intravenous
indBrSoration ot & filiorescent small molecule in
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adshitignrtdata, damonstratingeohaneed ddeaispasiicupiaketaféets, endoscopic,
systemic administration by incorporation.of flugrescent GIVIG-5-193 ysing ...
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after, or at the same time)-administration of the cationic immunolipasome complex.

BRIEF DESCRIPTION OF IHE DRAWINGS/FIGURES

[0629] Figure 1 showé the results of an ELISA aéséy showvi'ng Binding of
TfRscFv-liposome-DNA complex, made by simple mixing, to DU145 cells at various
ratios of protein/lipid and DNA/lipid.

[O030] Figure 2 shows the results of an in vifro transfection assay using different mixing
ratios of TfRscFv:lipid in DU145 cells (Luciferase assay).

[0031] Figure 3 shows the results of an in vifro transfection assay using different mixing
ratios of TfRscFv:lipid in rat C6 cells (Luciferase assay).

[0632] Figure 4 shows a non-denaturing polyacrylamide gel demonstrating that >95% of
the TfRscFv is bound to the liposome or liposome-p33 after simple mixing.

{0033 Figure 5A shows the results of an XTT cytotoxicity assay showing the
chemosensitivity to  GEMZAR® induced in DUI45 cells treated with
TRscFv-liposome-p53 prepared by simple mixing.

[0034] Figure 5B shows the results of an XTT cytotoxicity assay showing the
chemosensitivity to  mitoxantrone induced in DUI145 cells freated with

T{RscFv-liposome-p53 prepared by simple mixing.



[0066]Figure 22 shows cleaved caspase-3 in the serum of BI6/F10 lung
tumaor bearing syngenic mice after treatment with the combination of
THRSCRY %gf/(:Mc-s-ms and TIRSCFV/LipA-HOKC/GMC-5-1§3 2! 01407
complexes with and without CDDP. [0067]Figure 23A shows a
comparison of the effects of TfRscFv/LipANKk-3-250 complexes at different
ratios of VIC-3-250 to LipA in MDA-MB-435 cells. [0068]Figure 23B shows

- acomparison of the effeet of free and complexed YK-3-250 on
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ratios of DNA:lipid

[6037] Figure 7B shows the ir vivo tumor targeting ability of the systemically administered
TfRscFv-liposome-EGFP complex prepared by simple mixing in four different tumors and
using multiple batches of the TfRscFv protein.

{6038} Figure 8 shows the effect of the combination of systemically administered
TfRscFv-liposome A-p53 prepared by simple mixing and radiation on DU145 human
prostate xenograft tumors.

[0039] Figure 9 shows the results of an XTT cytotoxicity assay showing chemosensitivity
to GEMZAR® induced Panc I cells treated with TfRscFv-liposome-AS HER-2 ODN.

§00640] Figure 10A shows the effect.of the combination of systemically administered
TfRscFv-liposome A-AS HER-2 ODN and GEMZAR® on Panc I human pancreatic
xenograft tumors. P A

[0041] Figure 10B shows the effect of the combination of systemically administered
TfRscFv-liposome B-AS HER-2 ODN and Taxotere on MDA-MB-435 human breast
xenograft tumors.

[6042] Figure 11 shows the enhanced tumor imaging resulting from the systemic
administration of the TfRscFv-liposome-MAGNEVIST® complex.

[0043] Figure 12 shows the results of an iz vitro transfection assay of sterically stabilized
T{RscFv-PEG-liposome A-pLuc in MDA-MB-435 cells (Luciferase assay).

[0044] Figure 13 shows the optimization of the molar ratio of GMC-5-193 to LipA-HoKC,
and the effect of TfRscFv/LipA-HoKC/GMC-5-193 complexes at different ratios of
GMC-5-193 to LipA-HoKC on DU145 human prostate cancer cells.

[0045] Figure 14 shows the effect of TfRscFv/LipA-HoKC/GMC-5-193 complexes on
different cell lines.

[0046] Figure 15A shows the effect of tumor targeting liposomal delivery of GMC-5-193
on sensitization of MDA-MB-435 human melanoma cells to doxorubicin using

TfRscFv/LipA-HoKC/GMC-5-193 complexes compared to free GMC-5-193.



[0071]Figure 24 C shows a comparison of the effect of Irnatinib Mesylate
Q@Jrl;)lg,)/gzqg(lr)) on B16-F10 cells. [00711Figure 25A show%, > 9‘ Gt Q407
liposome complex delivery of Irnatinib Mesylate (GLEEVE ?}e%&ﬁ\ﬂg
on sensitization of MDA-MB-435 human melanoma cells to Taxotere.
[0073)Figure 258 shows the effect of liposorne complex delivery of
Imatinib Mesylate (GLEEVEC(r)) (30M/). on sensitization of MDA-MB-435
human melanoma cells to Taxotere [00741Figure 26A shows the effect

[004Rf Iiposqgagutg@m@:@nﬁ@in@ry@fctmﬁmbmmm@1i(ﬁhﬁﬁv&;ﬁeargmm¢s;193
on sensitization o rostate cancer cells {tox - .
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[eo4d)uman prostatescasessCrdsted/ioanir engefid@ 1fjbdoune ElikeshoVSNIEe-5-193

efﬁ‘ﬁ{%ﬂ'&?&%‘%ﬁ&&@[‘gpﬂ §X g(?l!rix}\é?egyeaf (LW %QH!RM‘B%X'%‘@M 6/F10 mouse melanoma
cells to Cisplatin compared to free GMC-5-193, at a concentration of 1.25 pM
GMC-5-193.

{0049} Figure 15D shows the effect of tumor targeting liposomal delivery of GMC-5-193
(TfRscFv/LipA/GMC-5-193 complexes) on sensitization of B16/F10 mouse melanoma
cells to Cisplatin compared to free GMC-5-193, at a concentration of 2 pM GMC-5-193.

[0050] Figure 15E shows the effect of tumor targeting liposomal delivery of GMC-5-193
(TfRscFv/LipA/GMC-5-193 complexes) on sensitization of B16/F10 mouse melanoma
cells to Cisplatin compared to free GMC-5-193, at a concentration of 2.5 pM GMC-5-193.

[6651] Figure 16A shows the effect of tumor targeting liposomal delivery of GMC-5-193
on sensitization ‘6f normal human lung fibroblasts IMR-90 to doxorubicin using
TfRscFv/LipA-HoKC/GMC-5-193 complexes. = ‘

10052} " ‘Figure 16B shows the effect of tumor targeting liposomal delivery of GMC-5-193
on sensitization of normal human lung fibroblasts IMR-90 to doxorubicin using
TR scFv/LipA/GMC-5-193 complexes. .

[0053] Figure 16C shows the effect of tumor targeting liposomal delivery of GMC-5-193
on sensitization of normal human lung fibroblasts IMR-90 to mitoxantrone using
T{RscFv/LipA/GMC-5-193 complexes.

[0054] Figure 17A shows the effect of tumor targeting liposomal delivery of GMC-5-193
(TiRscFv/LipA-HoKC/GMC-5-193 complexes) on sensitization of DU145 human prostate
cancer cells to Taxotere. 4

{00551 - Figure 17B shows the effect of tumor targeting liposomal delivery of GMC-5-193
(TfRscEv/LipA/GMC-5-193 complexes) on sensitization of DU145 human prostate cancer
cells to Mitoxantrone.

{0056] Figure 17C shows the effect of tumor targeting liposomal delivery of GMC-5-193
(TfRscFv/LipA/GMC-5-193 complexes) on sensitization of MDA-MB-435 human

melanoma cells to Taxotere.



(GLEEVEe) (20p,M) on sensitization of PANC-1 human pancreatic cancer
cells to Gerncitabine. [0077]Figure 27B shows the effect of liposome
OMpIER EEivery of Imatinib Mesylate (GLEEVECS (30uM) rt/US2007/011407
sensitization of PANC-1 human pancreatic cancer cells to Gerncitabine.
Eon]Figure 28A shows the effect of liposome complex delivery of Imatinib
Niesylate (GLEEVECID) (20tiM) on sensitization of 13161F10 mouse
melanoma cells to Cisplatin (CDDP). [0079]Figure 288 shows the effect of

mosi}iposo com#)%ﬁ(g\?h ery.of Imatinib Mesylate, %E%%YE?@%@P&@I@% 193 on

ensm mouse melanonta cells 1o Cisplatin (CD
wmm@m;z@f@ﬁ@msazﬁ@w@mmceﬂ?w[@mFugure 29A shows the

[oosgffect of kipasome somyplexsdeliveryinblmatinipaitesylate (GtEEVBEY-5-193  or
Oeaten srositestion oLRAIRADMANSTICRALES call 10
Dacar azmep ours Incu atIOI’]

{0059] Figure 19B shows in vitro “comparison of free GMC-5-193 or
TfRscFv/LipA-HoKC/GMC-5-193 complex uptake in MDA-MB-435 cells.

{06060} Figure 20A shows enhanced tumor-specific uptake after systemic administration by
incorporation of a fluorescent small molecule in TfRscFv/-LipA/GMC~5—193 {(scL-GMC)
complex. '

[06061] Figure 20B shows enhanced tumor-specific uptake after systemic administration by
incorporation of a fluorescent small molecule in TfRscFv/LipA-HoKC/GMC-5-193
complex.

[0062] Figure 20C shows additional data demonstrating enhanced tumor-specific uptake
after systemic administration by incorporation of fluorescent GMC-5-193 using the
TfRscFv/LipA-HoKC/GMC-5-193. complex.

[6063] Figure 21A -shows inhibition of tumor growth in B16/F10 lung tumor bearing
syngenic mice - after treatment with - free GMC-5-193, TfRscFv/LipA/GMC-5-193
{scL-GMC) and T{RscFv/LipA-HoK.C/GMC-5-193 (scLHK-GMC) complexes.

[06064] Figure 21B shows inhibition of tumor growth in B16/F10 lung tumor bearing
syngenic mice after treatment with the combination of TfRscFv/LipA/GMC-5-193
(scL-GMC) and TfRscFv/LipA-HoKC/GMC-5-193 (scLHK-GMC) complexes with and
without Cisplatin.

[6065] Figure 21C shows inhibition of tumor growth in B16/F10 lung tumor bearing
syngenic mice after treatment with the combination of TfRscFv/LipA/GMC-5-193 and
TfRscFv/LipA-HoKC/GMC-5-193 complexes with and without CDDP.

{0066] Figure 22 shows cleaved caspase-3 in the serum of B16/F10 lung tumor beaning
syngenic mice after treatment with the combination of TfRscFv/LipA/GMC-5-193 and
TfRscEv/LipA-HoKC/GMC-5-193 complexes with and without CDDP.

[6067] Figure 23A shows a comparison of the effects of TfRscFv/LipA/Yk-3-250
complexes at different ratios of YK-3-250 to LipA in MDA-MB-435 cells.

[0068] Figure 23B shows a comparison of the effect of free and complexed YK-3-250 on
MDA-MB-435 cells.



100811Figure 29B shows the effect of liposome complex delivery of
Imatinib Mcsylate (GLEEVECL1) (2011M) on sensitization of B16/F10
%8&%%7’r+%éf§}¥oma cells to Dacarbazine (DT1C) 24 hours incubEtiH 7011407
00821Figure 29C shows the effect of Liposome complex delivery of
Imatinib Mesylatc (GLEEVEC14)(15tiM) on sensitization of B16/F10
mouse melanoma cells to Dacarbazinc (DTIC) 48 hours incubation.
[00831Figure 29D shows the effect of liposome complex delivery of

(ooso] N Mesylale (GLEEVESQLEAUMEON. sensiizalianiehBLO(El QerrEvEC®)
&t ‘fé to (B D

ouse me&landma ce acarbazine (DTIC) 48 hours incubation.

[GB8agE e HoraRewerRiCeREt: BFEUIRGHERR MERY AR JSE RN g opuman
Irpadiseie dMasata{GLEEVECS) (TiRscFv/LipA/imatinib Mesylate (scL-
LEEVEC.). ization of Agrma fi iogH o
momﬁitoxan%‘(‘%&ng %6%%%%@5&3% 31(% shows '}ﬁg %%ét%%ﬁ%?%ﬁép%cm hEC®)
lijeksr ddiEBRFIPmERIIEMES) 6 (EIEEDREFYIIARE %p hatiphuman
Maspadenfsellts GLEEVECID)) on sensitization of normal human fibroblast

[0071§e” line HSQ010 d 3XQIRTE cHADSELTIgHIRAkEhQN srlbeniBhiniiAae (GLEEVEC®)
16/F10 lung tijmor growth by the combination of TIRseFv/LipAlimatinib
MR RLPES| PEVECH) plus CDDP. 100871Figure 32A shows the

[0072¢ompariStguot 2é eHersstet Efkstiob {TORRTESPm Rk €rbYeEy phdmatinib Mesylate

liqenckliRaseryeaamplen (TRserdbipAlErpiinibisabs TARGE MARYcaRd cells to

free Erlotinib on human prostate cancer cells (DU145)
Taxotere.

[06073]) Figure 25B shows the effect of liposome complex delivery of Imatinib Mesylate
(GLEEVEC®) (30uM) on sensitization of MDA-MB-435 human melanoma cells to
Taxotere. '

[0074] Figure 26A shows the effect of liposome complex delivery of Imatinib Mesylate
(GLEEVEC®) (20pM) on sensitization “of DU145 human ‘prostate cancer cells’ fo

" Mitoxantrone. Meen v o S

[0075] Figure 26B shows the effect of liposome complex delivery of Imatinib Mesylate
(GLEEVEC®) (30uM) on sensitization of DU145 human prostate cancer cells to
Mitoxantrone.

[6076] Figure 27A shows the effect of liposome complex delivery of Imatinib Mesylate
(GLEEVEC®) (20puM) on sensitization of PANC-1 human pancreatic cancer cells to
Gemcitabine.

[0077] Figure 27B shows the effect of liposome complex delivery of Imatinib Mesylate
(GLEEVEC®) (30pM) on sensitization of PANC-1 human pancreatic cancer cells to
Gemicitabine.

[0078] Figure 28A shows the effect of liposome complex delivery of Imatinib Mesylate
(GLEEVEC®) (20uM) on sensitization of B16/F10 mouse melanoma cells to Cisplatin
(CDDP).

[6079] Figure 28B shows the effect of liposome complex delivery of Imatinib Mesylate
(GLEEVEC®) (30uM) on sensitization of B16/F10 mouse melanoma cells to Cisplatin
(CDDP).



00881Figure 32B shows the comparison of the effects of Erlotinib
WORGREYVALD) delivered by the ligand-liposome complex  per/us2007/011407
(TfRscFv/LipA/Erlotinib (scL- TARCEVA(r))) and free Erlotinib cm human
pancreatic cancer cells (PANC-1). 100801Figure 32C shows the
comparison of the effects of Erlotinib (TARCEVA(r)) delivered by the
ligand-liposome complex (TtRscFvALIEAJETrlotinib (scL- TARCEVA) and
free Erlotinib on human melanoma cells (MDA-MB-435). 100901Figure
[06080B3A showgike effetbat TR ekvfldpApscihcompiex delivery of EnkstiiMesylate
at i 3.75uM .o itizati '
B e L
WODIS) 2AL 1o 8 Ipeptis2007/011407 - 1 8 - [00911Figure 33B shows

(oosithe effeatighrtifiseRabipAiseicoatpipxsdelvesynplk detiatrat Almatinib Mesylate
co | M. 0N sensitization,of RYMAR RAFIALG GARCERCRINRE bazine
Odﬁﬁ@n&&?&g ro é)r_lasse%%lpr}]zsa(r)g to free Erlotinib (TARCEVA.
[009P)FIRfreéBaNsHbHN O Me effect of TFRsCFV/LIpA (scL) complex delivery

[oosAf Edotiniipatepoonaentsatiorfsic dblifdébron censitizdtbneof hiifneatinib Mesylate

gk I GRS YD Dacarbazine
(&%%%%? Xl (T AXOIETPh 6 S ARATE R R UANID Dacard

( Figure 34B shows the effect of TfRscFv/LipA (scL)
cofRPIER déhaery 'BFIPABERib at a concentration of 730/1 on sensitization of
[008FlUMaN NTemROPID chlis toitoetitaxer (ffmsotesepaw s rrplyed tof frmetinib Mesylate

Er@m{WﬁM) on sensitization of B16/F10 mouse melanoma cells to Dacarbazine
(DTIC) 48 hours incubation.

{6084} Figure 30A shows the eﬁ'éct of tumor targeting liposomal delivery of Imatinib
Mesylate (GLEEVEC®) (TfRscFv/LipA/lmatinib Mesylate (scL- GLEEVEC®)) on
sensitization of normal human fibroblast cell line H500 to mitoxantrone

[6085] Figure 30B shows the effect of tumor targeting liposomal delivery of Imatinib
Mesylate (GLEEVEC®) (TfRscFv/LipA/Imatinib Mesylate (scL- GLEEVEC®)) on

sensitization of normal human fibroblast cell line H500 to Taxotere.

{6086] Figure 31 shows the inhibition of B16/F10 lung tumor growth by the combination
of TfRscFv/LipA/lmatinib Mesylate (scl- GLEEVEC®) plus CDDP.
[0087] Figure 32A shows the comparison of the effects "of Erlotinib (TARCEVA®)

delivered by the ligand-liposome complex (TfRscFv/LipA/Erlotinib (scL- TARCEVA®))
and free Erlotinib on human prostate cancer cells (DU145)

10088} Figure 32B shows the comparison of the effects of Erlotinib (TARCEVA®)
delivered by the ligand-liposome complex (TfRscFv/LipA/Erlotinib (scL- TARCEVA®))
and free Erlotinib on human pancreatic cancer cells (PANC-1).

[0089] Figure 32C shows the comparison of the effects of Erlotinib (TARCEVA®)
delivered by the ligand-liposome complex (TfRscFv/LipA/Erlotinib (scL- TARCEVA®))
and free Erlotinib on human melanoma cells (MDA-MB-435).

j0090] Figure 53A shows the effect of TfRscFv/LipA (scL) complex delivery of Erlotinib
at a concentration of 3.75uM on sensitization of human prostate cancer cell line DU145 to

mitoxantrone as compared to free Erlotinib (TARCEVA®).



[0094]Figure 35 shows the effect of TiRscFV/LipA (scL) complex delivery
QJ %);'n' t a concentration of 7.5uM on sensitization of )
paoﬁzcreéltl{g@ancer cells PANC-1 to gemcitabine (GEMZAR%%;T)S%OF(HS)GI}QJ
to free Erlotinib (TARCEV". [0095]Figure 36A shows the effect of tumor
targeting liposomal delivery of Erlotinib (TARCEVA(r)) .
(TfAscrv/LipA/Erlotinib (scL-TARCEV#!}) on sensitization of norma
human fibroblast cell line P1500 to Mitoxantrone. 100961Figure 36B
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suffirtrReerserrpasTLimaise OB AEOR P Suritinib complex on
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[0098ffect of FEgREcRO RSP BRPIk Hléﬂ%}?r%?@%nll M e gt

(TARCEVA®) (TfRscFv/LipA/Erlotinib (scL-TARCEVA®)) on sensitization of normal
human fibroblast cell line H500.to Mitoxantrone.

very of Erlotinib

- {0096] Figure 36B shows the effect of tumor targeting liposomal delivery of Erlotinib
(TARCEVA®) .Y(TERscFlvl,LipA/,Erlotinib (scl~ TARCEVA®)) on sensitization of normal
human fibroblast cell line H500 to Taxotere.

[6097] Figure 36C shows the effect of tumor targeting liposomal delivery of Erlotinib
(TARCEVA®) (TfRscFv/LipA/Erlotinib (scl.- TARCEVA®)) on sensitization of normal
human fibroblast cell line H500 to Gemcitabine (GEMZAR®).

[0098] Figure 37 shows the effect of different ratios of Sunitinib (SUTENT ®)/LipA in the
TfRscFv/LipA/Sunitinib complex on DU145 human prostate cancer cells as compared to
free Sunitinib.

{0099] Figure 38A shows the comparison of the effects of Sunitinib (SUTENT®) delivered
by the ligand-liposome complex (TfRscFv/LipA/Sunitinib (scIrSUTENT®)) and free
Sunitinib on human prostate cancer cells (DU145).

[6100] Figure 38B shows the comparison of the effects of Sunitinib (SUTENT ®y delivered
by the ligand-liposome complex (TfRscFv/LipA/Sunitinib (scL—SUTENT®)) and free
Sunitinib on human pancreatic cancer cells (PANC-1).

j0101] - Figure 39A shows the effect of TfRscFv/LipA (scL) complex delivery of Sunitinib
at a concentration of 2.5uM on sensitization of human melanoma cell line MDA-MB-435

to Docetaxel {Taxotere) as compared to free Sunitinib (SUTENT®).



at a concentration of 2.5ul1V1 on sensitization of human melanoma cell

lipg MPAMB-435 to Docetaxel (Taxotere) as compared to ggf@% 5111;3407
(SUTENT). WO 20071142781PCT/US2007/0114117 -19- igure

39B shows the effect of TfRseFiviLip A (scL) complex delivery of Sunitinib
at a concentration of 5uM on sensitization of human melanoma cell line
MDA-MB-435 to Docetaxel (Taxotere)}as compared to free Sunitinib
(SUTENT5) 101031Figure 40 shows the effect of TfRscFVv/LipA (scL)
[010edpmplex dediveryods Sunititibt cffeat cArUIBREALIQIpAf Gl S\vbatp B Rslizaty@T Sunitinib

of Buman REpsiale GARAR' GELIRE RYbTA o MUPXANKCRE ASIGRMRARSINR: 435 1o
free Sunitinib (SUTENTt 101041Figure 41 shows the effect of
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fibroblast cell Line H500 to Mitoxantrone.

{0106] Figure 42B shows the effect of tumor targeting liposomal delivery of Sunitinib
(SUTENT®) (TfRscFv/LipA/Sunitinib (scL-SUTENT®)) on sensitization of normal human
fibroblast cell line H500 to docetaxel (Taxotere).

{0107} Figure 42C. shows the effect of tumor targeting liposomal delivery of Sunitinib
(SUTENT®) (T fRscFv/LipA/Sunitinib. (scL-SUTENT®)) on sensitization of normal human
fibroblast cell line H500 to: Gemcitabine (GEMZAR®).

{0108} Figure 43A shows the effect of tumor targeting liposomal delivery of Sunitinib
(SUTENT®) (T fRscFv/LipA/Sunitinib (scL-SUTENT®)) on sensitization of normal human
lung fibroblast cell line IVMR 90 to Mitoxantrone.

[0109] Figure 43B shows the effect of tumor targeting liposomal delivery of Sunitinib
(SUTENT®) (T fRscFv/Lip A/Sunitinib (scL-SUTENT®)) on sensitization of normal human
lung fibroblast cell line IMR90 to docetaxel (Taxotere).

{0110] Figure 43C shows the effect of tumor targeting liposomal delivery of Sunitinib
(SUTENT®) (T fRscFv/LipA/Sunitinib (scL-SUTENT®)) on sensitization of normal human
lung fibroblast cell line IMR90 to gemcitabine (GEMZAR®).

[0111} Figure 44 shows the effect of different ratios of Gefitinib(IRESSA®)/LipA in the
TiRscFv/LipA/Gefitinib complex on MDA-MB-231 human breast cancer cells as
compared to free Gefitinib (IRESSA®).

{01 12} Figure 45A shows the comparison of the effects of Gefitinib (IRESSA®) delivered
by the ligand-liposome complex (TfRscFv/LipA/Gefitinib (scL-Gefitinib)) and free
Gefitinib on human breast cancer cells (MDA-MB-231)
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n rmal/hﬁ%?n fibroblast cell line HSOO to Gemeitabine (CiEM%@B{([)/&MM
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of Sunitinib (SUTENT(r)) (TfRscllv/LipA/Sunitinib (seL-SUTENTt) on

sensitization of normal human lung fibroblast cell line IMR90 to

Mitoxantronc. 101091Figure 43B shows-the effect of tumor targeting

liposornal delivery of Sunitinib (SUTEN14) (TfRsav/LipA/Sunitinib
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tumor targeting liposomal delivery of Sunitinib (SLITEN
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| /
MIGRIB2A AR RIBF RS P e R s tbmpared to free Gefitinib
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GefitinibrtREashodelivered udnedeandHRasameSAmRIe el line MDA-MB-231
(TftRos o%gt/LIB e(f)l'[ll’]l? seL-Gefi%niLtI)L)I) a%%[ree G@él%g@z% human breast
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(011610 - [011BEmigdRB sBTsshewderie ChRpefikbir 6 @b etranticofctvminiy Cefitinid
(IRE SSéopctaliagicad of 15uM on sensitization of human melanoma cells to docetaxel
(Taxotere) as compared to free Gefitinib (IRESSA®)
[0117] Figure 46C shows the effect of TfRscFv/LipA (scL) complex delivery of Gefitinib
at a concentration of 8uM on sensitization of human prostate cancer cell line (DU145) to

mitoxantrone as compared to free Gefitinib (IRESSA®)

DETAILED DESCRIPTION OF THE INVENTION

{0118) Antibody- or antibody fragment- targeted cationic liposome or cationic polymer
complexes in accordance with this invention are made by a simple and efficient non
chemical conjugation method in which the components of the desired complex are mixed
together in a defined ratio and in a defined order. Unexpectedly, the resultant complexes
are as effective as, or more effective than, similar complexes in which the antibody or
antibody fragment is chemically conjugated to the liposome or polymer.

[0119] Either a whole antibody or an antibody fragment can be used to make the
complexes of this invention. In an exemplary embodiment, an antibody fragment is used.
Suitably, the antibody fragment is a single chain Fv fragment of an antibody. One
exemplary antibody is an anti-T{R monoclonal antibody, and a suitably antibody fragment
is an scFv based on an anti-TfR monoclonal antibody. A suitable anti-TfR monoclonal
antibody is SE9. An scFv based on this antibody 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
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molecular Wel%h'[ 26,000. An sclITy is-formed by connecting the
co ioctadecylammonium bromide (DDAB) and DOPE and/or chol. The ratio of the

lipids can be varied to optimize the efficiency of uptake of the therapeutic molecule for the
specific target cell type. The liposome can comprise a mixture of one or more cationic
lipids and one or more neutral or helper lipids. A desirable ratio of cationic lipid(s) to
neutral or helper lipid(s) is about 1:(0.5-3), preferably 1:(1-2) (molar ratio). In addition, the
liposomes can also comprise endosomal disrupting peptides, such as the
KIKEDKKK]s-K(HKKC (HoKC) (SEQ ID NO: 2) peptide manufactured by
Sigma-Genosys (The Woedlands, TX). The endosomal disrupting peptide HoKC may help
the release of agents in the cytoplasm ‘of the cells.

{0122} Suitable polymers are DNA binding cationic polymers that are capable of
mediating DNA compaction and can also mediate endosome release. A preferred polymer
is polyethyleneimine.  Other useful polymers include polysine, protamine and

polyamidoamine dendnmers.
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SiRNA, peptides, ribozymes, nucleic acids, small molecules, viral particles,
immunomodulating agents, proteins, imaging agents and chemical agents.
Preferred therapeutic molecules include genes encoding p53. Rb94 or
Apoptin. RB94 is a variant of the retinoblastoma tumor suppressor gene.
Apoptin is a gene that induces apoptosis in tumor cells only_ In another
preferred embodiment, the agent is an antisense oligonucleotide, such as
HER-2. A preferred 1{ER-2 antisense oligonueleotide has the sequence
5-TCC ATG GTG CTC ACT-3' (Seqg- ID No: 1). A third type of preferred
agent is a diagnostic imaging agent, such as an NMI imaging agent, such
ac a9 CA-DTPA anant If the acdent ic DNIA <i1irch ac the eodina reaion nf



therapeutic or diagnostic agent at a ratio in the range of about 1:10 to 1:20
({)& of agent:nmole of total lipid) or about 1:10 to 1:40 (ug of agent:nmole
RGIE ?}I?rlner) and incubated at room temperature for a §I%?Pf)zeo%%l i
time, typically about 10 to 15 minutes. The size of the liposome complex is
typically within the range of about 50-500 nm as measured by dynamic
light scattering using a Malvern ZETASIZERT43000. [01261 In one
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(012%'€ COMRIEXES are. SizhhapPreBHRIR. SR hakipaY@e the antibody- or antibody
fragment-targeted liposome (or polymer) and therapeutic agent complexes are
administered to effect human gene therapy. The therapeutic agent component of the
complex comprises a therapeutic gene under the control of an appropriate regulatory
sequence. Gene therapy for various forms of human cancers can be accomplished by the
systemic delivery of antibody or antibody fragment-targeted liposome or polymer
complexes which contain a nucleic acid encoding wt p53. The complexes can specifically
target and sensitize tumor cells, both primary and metastatic tumors, to radiation and/or
chemotherapy both in vitro and in vivo.

[0129] The complexes can be optimized for target cell type through the choice and ratio of
lipids, the ratio of antibody or antibody fragment to liposome, the ratio of antibody or
antibody fragment and liposome to the therapeutic or diagnostic agent, and the choice of

antibody or antibody fragment and therapeutic or diagnostic agent.



distributed tin-ought:aft the body followWing i.v. administratiOn.
Alternativelg/i the complexes can be delivered via other routes of
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ion, such as intratumoral, oral, intralesional, —ras§’ ,
percutaneous, endoscopic, topical, intraperitoneal or subcutaneous
administration. 0128In one embodiment, compositions comprising the
antibody- or antibody fragment-targeted.liposome (or polymer) and
therapeutic agent complexes are administered to effect human gene
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targ%&slgig'@l@%;@f&@c“& ARy gbuaNYiSsecNa\ing cells relating to autoimmune
diseases, such as B cells that produce antibodies involved in arthritis, lupus, myasthenia
gravis, squamous metaplasia, dysplasia and the like.

[0132] The complexes can be administered in combination with another therapeutic agent,
such as either. a radiation or:chemotherapeutic agent. . The therapeutic agent, or a
combination of: therapeutic agents, can be administered: before or subsequent to the
administration - of ' the complex, “for example within:about ‘12 hours to about 7 days.
Chemotherapentic agents include, but are not limited -to, for example, doxorubicin,
5-fluorouracil (SFU), cisplatin (CDDP), docetaxel. gemcitabine, pacletaxel, vinblastine,
etoposide (VP-16), camptothecia, actinomycin-D, mitoxantrone and mitomycin C.
Radiation ‘therapies include gamma radiation, X-rays, UV irradiation, microwaves,
electronic emissions and the like.

{0133} Diagnostic agents also can be delivered to targeted cells via the liposome or
polymer complexes. Agents which can be detected in vivo following administration can be
used. Exemplary diagnostic agents include electron dense materials, magnetic resonance
imaging agents and radiopharmaceuticals. Radionuclides useful for imaging include
radioisotopes of copper, gallium, indium, rhenium, and technetium, including isotopes
%Cu, YCu, Wiy, P77, #'Ga or ®®Ga. Imaging agents disclosed by Low et al. in U.S. Patent
5,688,488, incorporated herein by reference, are useful in the present invention.

[0134] The complexes made in accordance with the method of this invention can be
provided in the form of kits for use in the systemic delivery of a therapeutic molecule by the
complex. Suitable kits can comprise, in separate, suitable containers, the liposome, the

antibody or antibody fragment, and the therapeutic or diagnostic agent. The components



malignant cell growth can be a target, head and neck, breast, prostate,
lioblastoma, renal, hepatic, cervical, lung, I|pos)arcoma

r~??(;Ibgé%zr%r%/%oéé;larcoma choriocarcinorna, melanoma, retlnobIzl;l(s:tTéIrjr‘?2007/011407

ovarian, gastric and colorectal cancers are preferred targets. [0131]The

complexes made by the method of this invention also can be used to

target non-tumor cells for delivery oba therapeutic molecule. While any

normal cell can be a target, preferred cells are dendritic cells, endothelial
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{0137] Exemplary small molecules useful for treatment of cancers (i-e. anticancer small

molecules) include, but are not limited to small molecules that inhibit tubulin

polymerization, anti-angiogenic small molecules, kinase inhibitors, and the like. Small



[013S1 In a further embodiment, the present invention provides liposomal
g@&%%%srwherem the diagnostic and/or therapeutic agents s.areone or

more small molecules encapsulated within the interior of the- I|p some,
contained within the hydrocarbon chain region of the bilayer,
complexed/associated with the inner and/or outer monolayer (e.g., via

static interaction or chemical/covalertdnteraction), or a combination of any

or all of these possibilities. As used herein, the term "small molecule"
refesfetaias|Ryvunalesid gfe\é@igmahafmaewqﬁyélwapelﬂﬂsoand/mrabout 9, and in
dl?rgdn(gs?tall(s:egqgrﬁt e)%asuﬁ%ra lat & bg '&%}%ﬁrﬁisd%%ge eg%)aﬂ:%iecules for

generally has a molec elgaﬁt of 1ess than about 10 kD, Suitably less

thaFP A SR BB DRI BRET Rt HUFBLSH Y LT Er U 5 000 Tifoluble, or
fopoexaapter abmbiel@ttudihe ubApOubd thnsar ahoioA0 Dt azotr).800
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or about 500 Daltons, as well as salts, esters, and other pharmaceutically

acEXBRABRe BTHCoPel HECBRTPEEREE, 1D 1B PAFBE p ialphibitors, "such as
me&ideties i3dladasalescherds ilseduf FoB tPeatagdpatiersstiatodre

(o138uffering &g o pin-gisposediieAnmdisanss statanikudiae, RRAIBRt which has
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thr mbocy enia, hemo warfism a%d sevFre co |ne
§ arm % ﬁsq ce neatt jﬂ s bmdmg sites in BIII
|mmun08e ency 186856 autoimmune sor ersl(n

psbviasis byt mitovpes emﬁmus‘awﬁéﬁﬂmiﬁw%wm@) wgpility of this
nebﬂﬂﬂ&g&@&&ﬂﬁﬁd&i@@wﬁ{ﬁxﬁﬂs@atﬁfiSU&ISﬂEisaﬂdrﬁ;Bag&St obisidkipiRn in terms
SC' Cre l%ta‘\/]ﬁal bfl geac‘:%%St':A‘ilrzxp ?u@?(}? Q&%@%l@&&g%ﬂﬁ%ly and the

[Ol xemp sma Zules useful for treatment of cancers (i.e.
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4, m@wmlﬁwmevstmm@m Pé"é%?ﬁéé RS m&%ﬁmweﬂ to aid in

presast e REe) €anhbeingters@lkeditd, wligifthsarate raso kg Rmpooitywhere it is
%%8 er.seluble (inglyding.compannds halaie %%eﬁglgbh%mgatm the extracellular

1In suitable embodiments, the small molecules for use in t

prm@mﬂé - BYRIE At SADSRAYD AOTRLIRI e TRS:0R B .Wmaacﬁifdiammﬂdef effect).
[014pplymerizatidionhilsitoibrslchizs BMES 5 183panicanilbg pitvent ofyanidn include

YKARAQ (and analegstharaet), $043216MG-H:193 (and analogs thereof)

is a thalidomide analog which has antimicrotubule and anti-artgiogenic

effects in several cancer cell lines. GMC-5-193 inhibits human cancer cell

proliferation with antiproliferative activities. The potency of this molecule is

similar to that of vincristine, a well-known antimitotic agent. Several

studies suggest that the antiproliferative effect may be due to inhibition of

tubulin polymerization in several types of cancer cells. These analogs

initiated mitotic accumulation and formation of abnormal mitotic spindles in

cancer cells. [01401Front the x-ray structure, it has been confirmed that

GMC-5-193 docks right into the area of greatest amino acid difference

near the taxol and colchicines binding sites in 13111 human tububia.

However, in examining in vivo ef ficacy, the poor water solubility of this

small molecule hinders its administration. Solubility is an important

consideration in terms of systemic drug bioavai lability, because

insolubility further limits drug efficacy and the subsequent need for

increased dosage compromises patient tolerance. To circumvent this
nrohlem a tiimor-taraetina linneomal delivveryvy eveteam for thie mnoleciile




tyrosine kinase inhibitors, such as, but not limited to: WO

PCDU82007/011407 20 -
%gg}lézaﬁ%%%]r[nb mesylate (CILEEVECE): 431Erlotinib hydrgg:ﬁlllo?srlZ o/t
(TARCEVA C22H23N304.HC1(MW=429.90, pKa=5.42)i
[01441Sunitinib Malate (SUI1248, SUTENT(r)): WO
2007/142781PCT/US2007/011407 228 - OH HO2C
C22H27FN402.C41605 (WV-- 532.6, pKa-8.95); and [0145]Gefitinib
10142 RESSIMratinib mesylate (GLEEVEC®):

I
N

CHs
H
N N
N

I N o CH3SO3H

CooHy N0 (MW=589.7), pKa=7.5, 3.0, 2.7;

10143 Erlotinib hydrochloride (TARCEVA®):

\\0/\/ e

Ca:H3N30,HCI (MW=429.90, pKa=5.42);
[0144] Sunitinib Malate (SU11248, SUTENT®):



0 0 C221124CLEN403 (MW-446.9,& 7.2). [0146]Additional small
ReleqHles for use in the practice of the present invention inglyde., 047011407
pharmaceutical compounds, as well as marker dyes and other molecules
for diagnosis. Examples of such small molecules are well known and
easily identified by those skilled in the art, and many can be found on
databases such as Phamiabase (Nat®nal Center for Research Sources,
National Institutes of Health). General classes of pharmaceutical small
molecules that can be used in the practice of the present inventigh
include, but are not limited to, compounds involved in regulatin
membrane transport (e.g., channels, pumps, receptors, transpo e\V
compounds involved in metabolism (suchyas ATR\inhibiters;-efectron
transport controllers, inhibitors of amino adid or fatty g¢id synthesis,
ceramlde analogs etc.); mtracellular mesgengers (e.g., kinase inhibitors,
ert 82007/011407 29 -

as well as other well 155e3'0f small molecules. Additional
examples of small moleg ompounds can be found

851, 7,033,775, 7,005,255 and
6,900,198, the disclosures of each & which arc incorporated by reference
herein in their egtireties. [0147]As described herein, small molecules are
suitably encaps@lated, contained or complexed/associated with the
liposome @ ‘fﬁ'é”present invention by simply mixing the one or
more small molgtules with the liposomes during processing. Suitable
ra f Il 0 e readily determined by
thtéEO osfpr%(rp o {I?ﬁie%?artls n ggm%%? ?ﬁe%olar ratio of small
-[014%holeculeSt gt‘ﬁb%%’rﬁé% iplex is suitably in the range of about 02:7.to -

-, about 14:7 (small molecule:liposome), suitably at a molar ratio-of abbut
1:7 to about 12:7, about 1:7 to about 10:7, about 2:7 to ab , about
4:7 to about 8:7, abaut 5:7 to about 8:7, about 2.8:7 or ab mall
moleculediposofic). Asjdescribed throughout, exanif désirablét
cationic Iiposom% livery of small,molecules include those that
comprise a mixtur dio trimethylam; yphosphate (DOTAP)
and d|oIeoyIphosphatldylethanolamme (DQ lesterol (chol), a

mlxture of dlmethyldloctadecylamm Y11 brerr PAB) and DOPE
or.c aried to optimize the efficiency
of &a&é&%et erapeu%18 ecu 27rct 1e specific tafget cell type. The
[014fihosome LdditianH sl anaipettiee OF Yt tinsractatiohiGtiprasaia sHE@include
maneanesEation helpeeslipiels:Avasisiablerkatidyes catiooite pid(s}dEn@itrébgnosis.

or BQLQA'%ISLg %%?M?s%%%&té@u?eﬁ&r%f?ﬁ@%%ﬁ%@; ?u%h([ﬁ@éq{yf ﬁjib%): skilled in

ratios of various FlLljlds include but are nof limited to; LipA h .
Llp‘BeL?ﬁC%@ﬁfﬂlg%ﬁﬁ ?_\i\B ﬁses such as Pharmabase (Natxona Center for

Research Sources, National Institutes of Health). General classes of pharmaceutical small
molecules that can be used in the practice of the present invention include, but are not
limited to, compounds involved in regulating membrane transport (e.g., channels, pumps,
receptors, transporters); compounds involved in metabolism (such as ATP inhibitors,
electron transport controllers, inhibitors of amino acid or fatty acid synthesis, ceramide

analogs, etc.); intracellular messengers (e.g., kinase inhibitors, etc); compounds involved in



DOTAP/DOPE DDAB/DOPE DDAB/DOPE DOTAP/Chol DDAB/Chol
RETAR/RORE/Chol DDAB/DOPE/Chol 1:1 molar ratio 1:1gpplas ratio, 12

molar ratio 1:1 molar ratio 1:1 molar ratio 2:1:1 molar ratio 2:1:1 molar

ratio phosphate, DDAB dimethyldioctadecylammonium bromide; DOPE =
ilioleoylphosphatidyleLhanolan ne; chol = cholesterol). WO
2007/142781PCT/11S2007/011107 - 3D MI 481In one embodiment, the
present invention provides methods of preparing small
motegpulesgoeajKgingliagtisodyeardantidd dyd fragmentitgrgstedcatignic well as other

IMRUAABYIURE SAUPHEXES SOMRESRGIERAIRSANRBERAdY A6 RBIRAM ses and
fragment; mlxmgbthe antibody or antibody fralc\;{%?nt with a CatI%nIC

lipFSEIRE BT S EAREAIE THERRI Hipok e Naherdin thie ahtibudg or 00%-22% and
antihtyifidgimetisidonoteloEsrcaldf ebijhgatedctonhetcdtioniclliposomracin in their
and miking. the cationic immunoliposorne with a small molecule to ferni
id antibody- or antjbody.fragment-targeted-cationic.immunolippsome .

101 e IS A B S AR G Hee AT KRR ngontained. or
antfiosjcspdrprairdragidht dipertiycasenelates/ebiiplexssayipvasdion by simply
!ipqaoniq@, tBend/ maha_afgﬁichmanag @themempﬁma_mxemmgaéi@mg. Suitable
INtErACuOmh 10 PG IR ROSNES ot O Sk S ARG nined by the ordinarily

embaodiments, the antibody fragment is a single chain Ey fragment, for |

exdTfipre atieahtrl R & prors Ry XTI DRSS R Jiposome complex is
Exanplds of theitalile dipatiefod.Asktirmporepitifigsthalismellicule:liposome), suitably at a
MoleGiAle-ARMHPIIRIR0 CAUHGUIMIINGIRPSOMAD A 19 GibethhaieiBo A7, about

include, mixtures of dioleoyltrimethylammonjt ?Qos e with ]
dioI%'gylE%o%ﬁﬁ%ti%&btﬁ%%‘glaﬁnep%n%g]g?tch@cﬁgs ero ﬁ?ﬁ?m?ftu?g%uéf 77 (small

d,méﬂlﬁﬂa}@gmémd}ﬁmlﬁﬂoﬁmﬂm% examples of desirable cationic liposomes

dioleeylptinephatiflylethanalwming«andiorabolesieroltatitabiypibe a2 mixture of

Fatki{ﬁ‘igo%%ﬂélf?%ﬂxﬂ%@d&% Sﬂ%ﬁﬁé%@?ﬂ? alanalacys. AL SRR AN lamine
. 7 (small

in the ran?e of about 0.2:7 to about 14:

ORI IR GSSEHAL BaRaB P S I APty BHopslse B it bromide
12:@abéit i RO EBoudI®: thabolih@ fatio about Bpijaboubd Vatgdbogptimize the
8:7em&§:gft9p?£&u&8€ﬁe%@g9%gdZr@l@&@ﬂ: for the specific target cell type. The

mollecule:immunolisggsomnel?. Exeor}]gI%(rJB/rSmall molecules for use in the
e ude

1pOso an Comprise .a XIUre ore cationic. lipids and one or moge neutral or
practige B the present invention in RSSGeSt R hateiR 8 el
as AgigRiorrismAlMssRR G e RS WATPRIRERIA RN i) Rickinablei(p) is about
the ogdinayilyskitiashadisan. 1Juithbincthe amall rBaleaples &t eadnticdnesious lipids
small. melegules. 2GRSyt not limited to, GMC-5-193, YK-3-250,

imatinib mesylate, erlatinib hydrochloride, sunitinib malate, gefitinib and

analogs &ntderivative®dh ORE well as othels'dB8& B herein and/or
that will bef@miliar to e Ardin@Rly skilled artisakr.limalfordtior
embodimgpt; the presppfAryeittion provides smalbmgigewle:comprising
cationic i nolipos lexes prepared Qy.the methods described
herein. 18}1%]In a further em/bodllir(nent, the presqgrllt%cv%nrt%ﬁ provides
antibodyIépEantibody FPaeEREeArgeted cationiclithmelelisssome
complexasgemprising@rafmolpaane, an antibpdypr anttbody

fragment, gad a small spolagile,sunarsin the angbpgy,as antibody
(DOTAP = dioleoyltrimethylaminnonium phosphate, DDAB =
dimethyldioctadecylammonium bromide; DOPE = dioleoylphosphatidylethanolamine;

chol = cholesterol).



fragment is not chemically conjugated to the cationic liposome. The small
welepyletsican WO 2007/14278iPCT/US2007/011407 -3} ~0&2007/0111407
encapsulated within the cationic liposorne, contained with a hydrocarbon
chain region of the cationic liposome, associated with an inner or outer
monolayer of the cationic liposome (including the head-group region), or
any combination thereof Suitably, th&#cationic immunoliposomes of the
present invention are unilaniellar liposomes (i.e. a single bilayer), though
(o1 4g[nultilane ke ipasemesnyhich cempriseseverakcodee mdb diay & s ganing small
AIS0I06 128 R0 IeRIRYE! COIRNIG Ty HNAIaRsRIES PLUB R G8RRlnoTiposome
invention comprise an Interior aqueous volume in which agents (e.q., .
SRPATPHRSTE COMRR) AR EP TS AR ATAR YT eND AR P LR '|%“§é‘§n%‘§)?n“"°dy or
Thesbalsoreamatriseit singledildyesehich fiasa lepdrosaiboretmeseatiowherein
(It%F' éﬁ&b@@&%@%’&b&%@ %é’xﬁéﬁ?iy Q@@H&Mﬁf@ agentsite @ «nallonic liposome;
e

molecules)’can be contained (suitably lipid-soluble agents). Ip addition, .. )
ARG DEAPHCIELTIEG) AT B SOMISRAN B RS G i, Jhibody-or

eithdbpdy ogmehe tmpetcdrotioliy drantobrheo T arrRIAolayEhibT fifg chemically
lingg JNap RN Li6ni s 8asar O regivd®f tbe hatds)dynapghent directly
embodiments, agents (e.g., small molecules) ca ) .
o L S S 25 MRSy o S e o g homie!
catoneAinminoipite dEBhipIdREeBPHRSFBERNt invention. 101511bi a
(o144till. furthesaahedimedinibe e entioderfiqmprovidesingitibads Bf fragment, for
tr%?{‘%gl‘g, Qﬁ‘téﬁﬁt-ééiﬁ?&ﬁg %t&r ﬂg@%ﬂ%ﬁﬁﬂ@&&&%@gleg of sunitable
comprising administering the small nloleriule-coméorlsm . catianic osomes are
iR AP BEH I SESRTFRE S STHHL Bt FRRRR SRR S The SatiSRE T _
imieenibkp dsorive eohipldnds cairtbeadfniniterdisivielatsraesiivg pigwhate with
' ingkﬂ@&@p%ﬂ&“%%&%rmtf@Ve NQldger0ral, deplieadrolia inkatationnixtures . of
- IntramuSeutar ipjection, I atmotal Jiechon ol esIanal RGN amine and/or
} ae‘?&%hyge“r)c?u anaous, endoscopic, topical, ntra e%tor?eaf, or
subislstaebuS BEinigrRIoaTEr BITEIRlEeRom T Sutek AR i S ARt g le at 2
term RAtant inehidasdeath animmalpate ats (e Ot Mismith als lsudch: asdogéiposome),
cats, igs, sheep, 616) 25 Wel, 23 hUnas: [PL52luitably, Dk mededd el 2.7 o

the present invention are used to treat patients suffering from, or bout 7:7 1
prébrshoddd Bothrftér h HRNeREm BB enfs thé tRlthbds ot f2Rting” ™
patietis:sulfering fiorseroe)prétispobed tmadanmodecedss figrthee ebthpmgectice of the
adﬂ&ﬁ%%ﬂ%%@ﬁ@@&é&&%@@ Wiiscagenhindhe patient dp addisan tendfie molecules
administration of the, small molecule- ising imm IROSQ .
SR S SRR R AR, s v
Comphisectasritniste Angeare i FiNORSlSUle Bithafe® UdthbHigiy Lsiil-—>-19%
mojecule selaaterifsometRgrotpdsinsistitgobfCiAEC Sl @8p Vial8e2 5B fitinib and
imatipi %d%yh%%&mg nif.Rydrachiglide. sueitinibsmplaie,Hafitinilanthat witl be
analogs and derivatives thereof, along with ia{lc}rllemotigecga}g)eutlgf]a ent . inventio
se%ﬁéﬂﬁﬁﬁ%?r%‘@?@ﬁb’é&ﬂ%?&ﬁﬁﬁ%?\ﬁb" rther embodiment, the present mvention
20p#A 1427 MG kL BRAbOPEBInkAQT on82imguxolisisimerispiplines prepared by the
mitgxantione Jaxatgregnd CLOP. The small molecule-comprising
immunoliposome complex and th&lchemothera %utic agent cantitgg

(0150 ministefed SHE SARE I o B A A T B ShreranP e antibody
(e.Gasveforeeaiicratnei afothery iBeieathycame ehentoerape tisrdgwat igosome,
ad%%?%&%? m%ﬂy@%ﬂgﬁ,mu shaleaud RGO PIMSIBG the antibody or antibody
immunolipasome, complex, (e.q., at,l fore or.

2 R BROTS AT L r B F eTore O i A e yFaebute(scon
hours before or after, etc., administration of the cationic immunoliposome
complex). In further embodiments, the chemotherapeutic agent and the
small molecule-comprising irrununoliposome complex are administered at
the same time to the patient. Appropriate dosages and timings or
administration of the small molecule-comprising immunoliposome
complexes and the chemotherapeutic agents are easily determined by
those of skill in the art, based on information contained herein and that is
readily available in the art. 101531In a further embodiment, the present

invention provides methods of enhancing the effectiveness of a
rhemotharanaiitic acent commnricinA adminictarina a catinnice



1015411t will be readily apparent to one of ordinary skill in the relevant arts

%t %t}&gzgylitable modifications and adaptations to the 'met[hézlgzﬁsg&qm 1407
appﬁcatlons 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

iNye iR ¥ 20hiA1AR2 {8 1Ra/ is200¢/@bhdied 33tk BExatmplebon chain region of
Eé sty Igtrlzgcnh?ggogg,rgégg&ggg &Eﬁ%ﬂ?ﬁﬁé M%L?egﬁ%%t%@?of the cationic liposome

: lasmid expression vector pDFII2T-vecOK was obtained from Dr. o
D&l iRy dha B eI OPRISoHAbr & S BSTRE 8RN Jlkeh iyl f8p catiome
tharbin®anitzothys whithpresog hizesitheaheiméiartrelivs fipnspnesdptoa single bilayer),
(GRS bk Enﬁtﬁ/au;é&ﬁuseﬁk\ék%{ﬁggwcwemtm@%Qv@yaP&chmiﬁﬁa;m &fn also be

the desired fragment. A cysteine mogety was ad eéjlsat the 3' end qf the .

Trieery RELEIRIFR FBRHE o TR RREISRe Lo RIEtet FiYeTtiRg comprise an
cointeiivs agelBdcademsignaykieh s, fomtramspdrnidctvweperildentpcapsulated
Spéﬁﬁaiﬁpd@m&ﬁgleTQ&ﬂ@Seﬁ%)Ofal% Bisnpageaidsikpretasien ahibR has a
protein, thus simplifying devel nf of the purification pro %9'- {t ou r}ls

th%y O was %Hs;g Qféo%‘% e&ﬁiti%%@f%%%bﬁ%ﬁfﬁ(e)aﬁrtl?éesgelcsmmvéfri]é that ts (g
noséb@#alﬁééﬂéi@éa%}e%@é“ﬁé“ﬁi’é§'éﬁﬁb?§ Rd-mlhiresratlstT g agnts (8-
sesaa e misiuabbitehiess seaioncesialsth wisiemadefOhb thidsmgnolayer
PGRAMRIIfIGALen, R YSIRtHE SRABRGE R DR SEIRE KERIgNR ARG RN of the

Nod restriction site were. introduced at the 3, end. Similagll{){, e}infé Ncol site
co

aldBWs incdfporHEe THEBRFDSPSuAETES cIéhgd intd lfsNesy can be
sitescapsietcdpsmerdial/ vendepr TRGIEY) (NMowdger) thrgss pretueirkf athe cationic
pr%ﬁh@éﬁﬂ%@%ﬁh@i%@g@@@@ﬁ%@ﬂ@mgnal se?duednce and the .

is Tag_ Growth in bacterial cultur corrltaiani \EePng;x li%-W dan e of teating a

lmsglpproxim%‘tea It '%gﬁln%?gggéﬂﬁ%i%ﬁg gﬁa?r? %ro etlln'eépre(zsion t\?v%?qh;ftr ) e

waephsakimtfpiing SoprofimpateliproddareolifeTe sttt formTisTF S Grtesering the
wasfauR REMAt i e baddblenfranticiptnghisiomblegdies) the ppilhiavention
abovg,$ &%%5‘&%%%%%#%%&?&993&%9 donhiminale Pein dhe, His 29809 R&lBed route,

sequences In the final protein product. To accomplish this, the pET26b(+)
velihdias-chittabthdiRHE! dhzgiTa SREYS: T hle ISBIRF L el dRRY A R RN rdmuscular
amplifitiatiominserteciani dttlen, Sitelsitnabingendiof. gy - nkatayée s lkndoscopic,
fortgﬂﬁca_lfl?rﬁ%g&%ﬁ@aﬂ%m&m&&&@@@ﬁﬁﬁﬂd&ﬁ&%%ﬁjE@ﬁéh@outes. As used
Cy%terlgle I&%I(?eue ag 1 thtel I!Pllltligeﬁgl t:!).%pmsa!{e gttiérl‘llt% f;engﬂa%’lDNé letc%p dogs cats
codon was mtrrélaﬁceanacﬁacen? to the cyste‘fne sequence and before the o “
Noeigitehaire PU R preftiatbvweiitloned into the Ndef and Noll sites of
[015apMMercRkiexpyeasianeteciobphd atdaén) (Nevdgen)e hheibidheprotgimts suffering

progygt 8\{\}!?&%& pstiust will.got Gantain qithes e pelB.seUENES PithBng patients
His-tag. WO 2007/142781ttCraiS200 /011407

suffering from, or predisposed to, cancer can further comprise administering a
chemotherapeutic agent to the patient in addition to the administration of the small
molecule-comprising immunoliposome complex. In suitable embodiments, the methods of
the present invention comprise administering an immunoliposome complex comprising a
small molecule selected from the group consisting of GMC-5-193, YK-3-250, imatinib
mesylate, erlotinib hydrochloride, sunitinib malate, gefitinib and analogs and derivatives

thereof, along with a chemotherapeutic agent selected from the group consisting of



- 34 - 101581The majority of the cys-TfRsch'v protein (approximately

QA4 was fepnd not to be soluble but to be contained withip RGIUSION, 1407
bodies. Therefore, the protein from the constructs described above was

isolated from the inclusion bodies by sonicatiou, treatment with 6 M
guanidine-HO, 200 miVI NaCl (6 M Gullet buffer) and purified via

Sephacryl 5-200 gel filtration column3ehromatography. Refolding of the
cys-TfRscFy protein was accomplished by dialysis at 4C against

dacrersing censentnations ai.guanidioert Gl @b alivedynafierolecule-comprising

C¥%§£@%ﬁ%§ﬁ I[rg)et%%\ﬁléﬁ & Hl%@%]p%ﬂ%}@tégﬂco;g@@ dnchisionBediesiBYhe same

sonication Triton X-100 followed by solubilization in 6 M .
GliEficiReer RPN ACHEPIZE RS HI EFTR BHEB e Agome- Suiteoly
d ith&)ﬂfgﬁ’ﬁfiﬁ&&ﬁ%ﬁﬁd diggviasiacotmaplisheldh praiken ¢hovithadl buffegule-comprising
ng&%@ﬂ Q1O T LIS 1L LW 781 0:PAM s VGG AAE Lo AV ERFAs before or
an O.9rnl\}|)glutath|on|ne an h Idlng_ at4§f r 36-48 hours, followed by, . .
digfishleats 1Mo IHSE S AgFn TSt M ﬁgs.}l%ffp‘ﬁ%B‘?&)?‘fo&ﬁx‘sﬁa““
Urethanati2mdnEDinial ipegeopoisftendiblfsigiahrembpdimmesroaghgmotherapeutio
puyified té?b)!ti i@fé(%Qh%ﬂgr%'&%m}mﬁé?@rﬂ@M&%ﬁ%@@;&@lk@wﬁdﬁmmm at
concentration (an ysing, Amicqn ultrafiltration device).and dialysis. at
0o THEBRGE F STy AT D08 W o, RIS Al LaLao of e
pumeitetieSHS PR EGHBwaE A BTG RRP T B Lb b e oraTERRYC 2eont
Cysrd asiyiproheing witkhthe dfekidcmelegubtasedeigitfoination contained herein and
ap@l@;@p@a@%g@%fg%}@grgescribed in WO 00/50008). The
cys-TfRseEv protein is stored at -804 C. Example 2 Preparatjon of .
1015385 TRl PR TARCBYP ST S RIS TOTROTUBISho pe anplata e
WEReV2E629, intorpoizadihmpeitiy refensneemiiEsiiibedanaistering a  cationic
P r%ﬁ:ﬁ&ﬂb@&?ﬁé’ Q:@Jrﬁ@ﬂoélﬁcﬂli@ Qeeinasinkbaicatiyg LiRagsemesmmunoliposome
prepared are clear solutions, their, compositions and.ratios. eenttoa
i RBTADIIOBE AL RO Bt SO OAGISORL A i iy, i Sssentso

' LipeBoABGPE sRathaaleralis BisDBeAbTeriicraBiatatge those described

* LipERRABAChel L dimealattiatio kipGb AT ARD QRE/Tkolgrkil molacutiomprising
immunoliposome complex and the chemotherapeutic agent can be administered at the same
time, or can be administered at different times. Suitably, the chemotherapeutic agent is
administered before or after the small molecule-comprising immunoliposome complex,
(e.g., at least 6 hours before or after, at least 12 hours before or afier, at least 24 hours
before or after, at least 48 hours before or after, etc., administration of the cationic
immunoliposome complex). In further embodiments, the chemotherapeutic agent and the
small molecule-comprising immunoliposome complex are administered at the same time to
the patient.

[0154] 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 clearty
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.



WO 2007/112781PCT/US2007/011407 -35 - LipHDO AB/DOPE/Chol2:1:1

moiar ratio (DOTAP=dioleoyltrimethylaminnoniumphosphate,DDAB

(ylvr(r)\é?ﬂgl/llélzgcltadecylarnmonium bromide; DOPE - PCT/US2007/011407

dioleoylphosphaticlylethanolarnme; chol = cholesterol) 1016011t is well

known by those knowledgeable in the field that conjugated

TfRsav-immunoliposome retains its_igyraunologic activity. We have ,

established that the eys-TfRscFy can be chemically conjugated to lipoplex

(PCT application WO 00/50008)1952%5&qfﬂciently transfect human

prostate tumor cells in vitro and in vivo. It is common practice for single

chain antibody fragments to be attached to liposomes using various

chemical conjugation methods. We performed studies.to determine if a

simple mixing of the dySARICEQ,F I%’, tfahieHSosome (which does

not contain any lipid wit iyt EREIS aleimide DOPE or

any reducible group), instead of chemical conjugation, would result in .
[0155brmatio® BFEH irfFRERSSIRYiCAHP AchVE MBI hat Bt atire rEtahyr- David

bimgtigeand, tarisfertisumoncetisodesahiesingle chain fragment for the SE9 antibody,

ey&ﬁéﬁ%@%@%@mﬁs@m@m&@ﬁﬁrﬁp«'md\hy_ HKING/ INBR scFv was

cys-TERscEV with liposomeA at defined r gos-of singledr%ajn protetin toals added at

lipBRBiRet A HORHAEYSTS 1138 ?W}Wﬁf- BEEEY upoithe BLISAHATRS 29¢ec @

withstBe gl e S RepE T fRyeirVIcvrrpiess HdiaticrgPDRAR s dotahe first

lipidh W thee A8 ca EN PIEXa 8 ISR WASeY BiaehkpBi 18 (@ pelipldsheic space, and a His

pr%%ar atﬁ)ré O]; tpe%cc on}ptlﬁe):( V23 Inaladgcgr%%gﬁo\ﬂltgftﬁl% fSIUDQXYAthus simplifying

gene%al proc%gure:e‘l' e appyopna?e amount of 2ad'd liposome (A-H L
dedeYMRRMEBbot s AINEGAHRR BIRfatlter YERRAREIRE JRIPaHSife] for the initial
votustiagamibn weited e misxorhimthé Hiposomeswaterstherapproppiateesent for use in
ameuntefeys-THRaghx i3 added o giveiherdasiregddatioanaanixed Bs made.

%entle inversion 5-10 seconds. This mi{durg is kept at oom temperature d

r 10 mifitBs (SGRRTRV RS Y ST 1P 4190 5828 s %‘ftereacﬁrs)r%%rﬁgilgl‘fle anc.a
5 MYwrlitesitidioth eitsawsectimeo theedpirdisristesim int B IDNASs Haletithplse was
INVEESRRRED- 1R Secangmuith any walel iequiad togiverBiesisethe commercial
volume. Typically, for use i in vitro assay, it.is desirable th

cor BT BB e h A RSB AP Dl A BN b e et
weraflss FigAvosereicaedhadiesd ﬁo@%"ﬁ%dﬁt%‘ﬁ@rt@ SHSEEL B RpEE PTG
DNAepRrt injegtionx ke DNA ssolutierciscquickiyladted todteén expression which was
cysHiRRayHiRgsamagseivtienand HierrexiHigdsnVeHR IR 48s found primarity
seconds. The final mixture is kept at room temperature for 10 minutes,

ge PRSP ATSIP R B TS SR B8 after approximately 5 minutes. For
[0157ke in vivBIEOYs dextotedr evrascredelied da ddanisate firihdbnédntiRggnd pelB

of 5:40%cViYanskirediRygante rvessioniior B:d AquonTih(A spacificas cut at

exampl a preferred.ratip of 1: W . .. X

’ . lifi d an Nde 1
e e ChETs R ey e e
anéhe: Tl Bl tora 19H1aiREs TalshRicrts: 40 AgUI Bl gucteotde
finakyoduoeeraftBOBypldnix 83w wateaWHI289rpitob2nd/kt ipoSOmel, a DNA stop

solution, Had ARl Y Sl iRRG Eytﬁveﬂ%@eﬁ,@@e%@y%qie@oéejigém)x MiX The PCR
183 pl water with 40 ul of 1 ug/1 pl D A.@%&go ul of 50% Dextrose as .
I'C

g
thePredstep2a SABTEE THECIBE dY 4Rk fivh &% B‘Feﬁ%{Pé%%‘PﬁhS"H{S%ﬁ&a vestor
of RIAekEn}iC¥viebetiveBmd.0f e 400 (ednvid tival oe)siwitht avitbrat contain either
potgRtiahefbalween 4h-and 8 as determined by dynamic light scattering
using a Malvern Zetasizer 3000. This size is small enough to efficiently
pass through the tumor capillary bed and reach the tumor cells. 101621An
ELISA assay to assess the binding ability of the mixed complex to human

e q015



prostate cancer DUI 45 cells was performed. For comparison, the

samplexesgnade with the conjugated immunoliposonne wexeralsfor/011407

included in the assay. The results shown in Figure | clearly demonstrate

that the immunoliposome complex prepared by simple mixing of the

cys-TfftscFy protein with the cationic liposome binds to DU145 cells at

least as well as those prepared throuhr conjugation. Similar to the

conjugated complex, a ratio of 1/30 protein to lipid and 1/14 DNA to lipid
[0158)as fourithtonagoratié thighesTiiaifgraditiy (P evas didy Prévivesfyund not to be

g%ﬂg@db\(vﬂ;ts the e&ﬁwg@&i&di@qgm@m&,ﬂt%&mdin&e@%@aae RARNRom the

ose dependent manner. These findings indicate that simple mixing of

COBREIE CaH T o CHPISE T TG B OE G et
|dentica N pinadinetd S a8 folhbiae HErA A pristae B 1abrsifigdarig Sephacryl
RADLGH def isie48i00 dbRihH GfRrasR.285RY (Refdang oF) thadyn IRRAR protein was
pancreatic cancer cell line Page | (Table | IT) using en [oR T
fUGTESE Hﬁ%lg p‘r%c}'te(?hal(’gg '9]5%08 a%_ aégs!t %ﬂ?%sﬁ‘ééegﬁ’é% e i?:lﬁéqﬁqfls%[\%%udm_ Het
2001emat Tl hep I REHopo? vaprepysRbyrghdrtbhaTibisiepodies by
of eysichiisai: pacned ifv Rene! (b eliduiibpaired ibycSithGleditiingICL 0.1M
Ast%es-sé%q pli’-ligé]%,t‘lj %If‘l‘g%@g‘n@b ﬁ%ﬂﬁtﬂu@@t%%ﬁ i%ldlﬂg ig§s41|é]complished

Fluorescent Cells (r%?: nmo Ics). 1;8 20 1:10 ..
by mixing with a buffer composéd of 0.1 M Tris-HC1 pH=8.0, 0.5M L-arginine-HCl, 2mM

EDTA and 0.9mM glutathionine and holding at 4°C for 36-48 hours, followed by dialysis
at 4°C for 20-24 hours against 20 mM Tris-HCI (pH=9.0), 100 mM Urea, and 2mM EDTA
(pH=8.0). After dialysis, the cys-TfRscFv was purified by ion exchange chromatography
with Q-sepharose, followed by concentration (an using Amicon ultrafiltration device) and
dialysis-at 4°C for 30 hours against PBS:(pH=7.4) plus 0.06 M sodium chloride. After
purification, SDS-PAGE showed a single.band' of the solublized, refolded cys-TfRscFv
proteiri‘with the correct molecular weight:of approximately-28-30 kDa (as described in

WO 00/50008). The.cys-TfRscFv protein is stored at —-80° C.

Example 2

Préparation of cys-TfRscFv-Liposome
by Simple Mixing

[0159] Published PCT application WO 99/25320, incorporated herein by reference,
describes the preparation of several cationic liposomes. The cationic liposomes prepared

are clear solutions, their compositions and ratios are as follows:

LipA DOTAP/DOPE 1:1 molar ratio
LipB DDAB/DOPE 1:1 molar ratio
LipC DDAB/DOPE 1:2 molar ratio
LipD DOTAP/Chol 1:1 molar ratio
LipE DDAB/Chol 1:1 molar ratio

LipG DOTAP/DOPE/Chol 2:1:1 molar ratio



1:12 351:14 50 1:16 24 1:18 20 The ratio of cys-TfRsclFwLiposome was
L3 5\5‘6‘)%)4 Egple Il Transfection Efficiency of cys-TiRseFir- Llig
Pane | Ceﬁ

i
s Prepared by Simple Mixing Assessed Using the E@% 0t
Reporter Gene |l

-135 -
LipH DDAB/DOPE/ChoI 2:1:1 molar ratio
(DOTAP = dioleoyltrimethylaminnonium phosphate, DDAB =

dimethyldioctadecylammonium bromide; DOPE = dioleoylphosphatidylethanolamine;
chol = cholesterol)

{6160] It is well known by those knowledgeable in the field that conjugated
TfRscFy-immunoliposome retains its immunologic activity. We have established that the
cys-TfRscFv can be chemically conjugated to lipoplex (PCT application WO 00/50008)
and can efficiently transfect human prostate tumor cells in vitro and in vivo. Tt is common
practice for single chain antibody fragments to be attached to liposomes using various
chemical conjugation methods. We performed studies to determine if a simple mixing of
the cys-TfRscFv and the cationic liposome (which does not contain any lipid with a
reducible group such as Maleimide DOPE or any reducible group), instead of chemical
conjugation, would result in formation of an immunologically active complex that could
still efficiently bind to and transfect tumor cells. A series of
cys-TfRscFv-immunoliposome complexes was prepared by mixing the cys-TfRscFv with
liposome ‘A at defined ratios-of single‘chain protein to liposome ranging from 1/25:t0 1/36
‘(w/w).- Based uiponthe ELISA data with the conjugated cys-TfRscFv complex theratio of
DNA to nrioles total lipid in' the mixed ‘complex also was varied from 1/8 to 1/18. The
preparation of the complexes was in accordance with the following general procedure: The
appropriate amount of 2mM liposome (A-H described above) is mixed with any water
required to give a desired volume and inverted to mix. To the liposome-water the
appropriate amount of cys-TfRscFv is added to give the desired ratio and mixed by gentle
inversion 5-10 seconds. This mixture is kept at room temperature for 10 minutes {again
inverted gently for 5-10 seconds after approximately 5 minutes). At the same time, the
appropriate amount of DNA is mixed by inversion for 5-10 seconds with any water
required to give a desired volume. Typically, for use in an in vitro assay, it is desirable that
the concentration of DNA is in the range of about 0.01 pg to about 2 ug per well; for in vivo
use, it is desirable to provide about 5 pg to about 100 pug of DNA per injection. The DNA
solution is quickly added to the cys-TfRscFv-liposome solution and the mixture is inverted
for 5-10 seconds. The final mixture is kept at room temperature for 10 minutes, gently
inverting again for 5-10 seconds after approximately 5 minutes. For use in vivo 50%
dextrose or 50% sucrose is added to a final concentration of 5-10% (V:V) and mixed by

gentle inversion for 5-10 seconds. A specific example at a preferred ratio of 1:30



Ratio cvs-TfRscFv: Lipids (w:w) % Fluorescent Cells 1:26 14 1:28 14
13039 123428 |

PCT/US2007/011407

_36 -

(cys-TfRscFv:liposome, wiw) and 1:14 (ug DNA.:n mole total Lipid) is as follows: For 40
pg of DNA in a final volume of 800 pl mix 183 ! water with 280 pl of 2mM liposome
solution. Add 34 ul of cys-TfRscFv (with a concentration of 0.4 pg/ml). Mix 183 pl water
with 40 pl of 1 ng/1 ul DNA. Add 80 pl of 50% Dextrose as the last step.

{06161} The size of the final complex prepared by the method of this invention is between
100 and 400 (number value) with a zeta potential of between 25 and 35 as determined by
dynamic light scattering using a Malvemn Zetasizer 3000. This size is small enough to
efficiently pass through the tumor capillary bed and reach the tumor cells.

[0162] An ELISA assay to assess the binding ability of the mixed complex to human
prostate cancer DU145 cells was performed. For comparison, the complexes made with
the conjugated immunoliposome were also included in the assay. The results shown in
Figure 1 clearly demonstrate that the immunoliposome complex prepared by simple mixing
of the cys-TfRscFv protein with the cationic liposome binds to DU145 cells at least as well
as those prepared through conjugation. Similar to the conjugated complex, a ratio of 1/30

. protein to lipid and 1/14 DNA to lipid- was found to‘have the highest:binding ability. As
was also previously observed with the conjugated-complexes, the binding decreased in a

" DNA dose dependent manner. -These firidings indicate that simple-mixing of components .
can form a complex that retains its immunologic activity. Identical optimal ratios were
found in human prostate DU145 cells, and RAT C6 cells using the Luciferase assay (Fig. 2
and 3) and in human pancreatic cancer cell line Panc 1 (Table 1, IT) using enhanced green

fluorescence protein (EGFP) to assess the transfection efficiency.



1:34 15 1:36 18 [01631To establish the efficiency of the binding of the
ays-hiRRsefyito the Liposome complex by simple mixing, a pepdshaiking
polyacylamide gel was used. Mixed cys-TfRscFv-liposome A- p53
complex and cys-TfRscl7v-Liposome A without p53 DNA were loaded on
the gel along with free cys-TfRscFv in amounts equal to 1/5 or 1/10 the
amount of cys-TiRscEv used to prepzite the complexes. The complexes
were prepared WO 2007/142781PCULIS2007/011407 using the ratio of
cys-TfRscFv:liposome of 1:30 (w:wwhBrdIDNA:total lipid of 1:14 (pg:n mol
total lipid). The free cys-TfRscFv complexes serve as quantitation
standards, since under non-denaturing conditions the complex can not

enter the gel, onlgff %ﬁé@eg’é %gg@%@@ into it. After

. [regrugboyRg : ;
Lipaiapstening ﬁ%@i@ﬁé‘%e%%?x{% : ?ﬁ%ﬁmﬁ%ﬁ EGFP
or the two complexes (with and

&
AN006 y using o %gggggqn
Comparison of the low signal eve
without p53 RNU% sll\} wn in E{ ) C%Swnh theﬁlgpegrsegrong H}% S1“ree
cys-TfRscF that gre 6 Of the
cys-TfRscFv is incorporated into the complex by simple mixing of the
components. Example Rdn Vitro Chemosensitizatien of Human Cancer
Cell Lines by cys-rffRseF¥-Immunoliposome Deliv&red wtp53
[0164]Experiments wetd performedto determine htiv effective the
cys-TIRscFv-Liposome: §3 complex prepared by5 3mple mixing wculd be
in sensitizing prostate {uygor cells to the drugs GEJ¢lZAR(c) (gemcitabine
FICA; manufactured by Eli Lilly and Co.) and NOVANTRONET)
(MitexantsaTey A Ex Gessopdactasaf: svpicty)currently are used for the
treatment of prostate cancer. The prostate tumor cell line DU145, which
harbors mutant p53, was employeﬁ,i 1th e studies. The XTT eytotoxicity
assay (66) was used to establish t égee\"/e of chemosensitivity induced by
the cys-TfRsefv-Liposorne-P53 complex of this invention. 5 x 103 DU145
cells were plated/well of a 96 well plate. After 24 hours;the cells were™
transfected with tHeamixEg &8 FRsimEY ipbsyid B55ESmplex. The
LipeysrififsamPaisosbralsPsnasmblex %@éﬁe?ﬁ@&%%ﬁ%ﬁ@dapﬁlfﬁi%fEGFp
1:30 (w:w) (cys-TERscFv:Lipd36Rfsta) Sxs@#a 14 (p.g p53 DNA: nmoles
total lipid). One day after transfection, anti-neoplastic agents were added
at increasing coregistecHB ¢ tiiplicate) RO Freats&llsvas performed
approximately 3 days ﬂﬁﬁ#%nd 1050 values, the drug concentration
yielding 50% growth in “l’bvl‘f?on, calculated. As shown in Figure 5A,
treatment with the cys-1fscFv-Liposome-p53 cogplex increased the
sensitivity of the cells ta @&IVIZARG by 8-fold. Fordrigure 5A, the IC50
Values (nM) are as follaw®. cys-TfRscFv-LipA-p5390.5; cys-TfRscFv-LipA:
4.0; cys-TfRseFv-LipA-¥8é: 4.0; Untransfected: 5. The fold sensitization

for Vec vs p53 = 8 and ioigUT vs p53 10. ig

[0163] To establish the efficiency of the binding of the cys-TfRscFv to the liposome
complex by simple mixing, a non-denaturing polyacylamide gel was used. Mixed
cys-TfRscFv-liposome A ~ p53 complex and cys-TfRscFv-Liposome A without p53 DNA
were loaded on the gel along with free cys-TfRscFv in amounts equal to 1/5 or 1/10 the

amount of cys-TfRscFv used to prepare the complexes. The complexes were prepared



WO 2007/142781PCTIUS2007/011407 -39 - 10165)Similarly, DU145 cells

Wy sosensitized to the drug mitoxantrone by 17.5-fold (Figusg 58596 11407
Figure 513, the lese values (rig/m1) were as follows:

cys-TiRseFv-LipA-P53: 0.08; cys-TIRscV-LipA: 120;

cys-TIRseFy-LipA-Vec: 1.40 and Untransfected: 1.80. The fold

sensitization for Vec vs p53 = 17.5-add for UT vs p53 = 22.5. Similar

studies were performed using human pancreatic cancer cell line Panel.
46;Q§B@f}fétl&8ﬂsy|@erfwﬁtrw&peqalam and thewX shadusy peaidimeédfds14 (ugn

aboye @g Treq J34lo ﬁ%&w cziﬁgfeﬁafslg%wa@%mm@rmd&é& since

nmoles tot Id) also was used here. As wit % anbound
thm@mmsﬂgmﬂﬂem g@wgttﬁéﬁ&ﬁ BPTHESTE TR0 R ¢ "eé’ﬁe ﬂ?@ré elitic
agentsitkis H&uandgiieAita mSBLmiNAaosfwemgrmmmfbl@r@&b@g;MHSm@@d with

was 8 238 fﬁlﬁsmegﬁ%wﬁgﬁ iZgtiandp %N@A\msae&m@nnm@mmhm)
Cys- 78 TRseEy

Iposome DNA com ex F|
vélaarers a5 fslliRNss Epa 19 Lt 52“”35%? R GlERR ps3 D)
C\shokfRBaWidpAY e chosRRANIfama e fsA 53t Mﬁﬂafﬁ?édieyg@%}fbs that greater
e)(ﬁa;[ f&S}Z F‘f'-dfé%%eﬁ&&?@ pfigysridRise Fﬁ@ﬁﬁe%‘léﬁkﬁ' d¥aple mixing of the

sensitization was observed when empty vector in place of p53 was used.
TIRERPRIES Sramatic increase in response of the Pane | cells at a p53 DNA
concentration of 0.08 pig DNA/well (Fig 6B). Here an almost 200 fold
increase in sensitization was ob3&resthlEc Figure 6B, the IC50 values
were as follows: cys4'fRscFvLipA-p53: eys-TfltscFvLipA-Vec: 350ntvy;
and cys-TfRscFvLipA: 600n1vl.The ICso of cys-TfRscFvLipA-Vec/IC50 of

cys-TIRsCFVLipAB53, v} dtbdedfieralamh tEsminartCasitsties
demo'??éﬁi‘tﬁlﬁ?slﬂ‘ NESHSTHRRGR inasemgiTranae N wire evipising,

can efficiently transfecCt wtp53 into prostate tumor cells and sensitize them

[016 zﬁ? conve%tmn chemotherape Qﬁ"cﬁ‘g)%ats @(an@@rﬁliﬂevwﬁowmwffectwe the
argetln e cys-TfRscFv-LipA- EGFP pareq b&SlmpI 2 ) {ih%ngn sensitizing
1096614 4’5I*fl9ﬁ?8%€v§’ér°’e08m? Ttaneously almc% i fermale athymic

nugeAIE Rmarrellntichs Niice WERZAR aﬁgﬁ@mt#?}éeﬁ‘él"ih?é’é“ﬁ?ﬁ@%eé\?érm‘ Lilly
a 24 hey ) RefeehwikaYsoNReqhtbiafubheFihienharcag. greenof which currently

fluorescence roteln ) (TTRSCEVI| d by, m@&m@g@hq DU145, which
seBi Eis8<8h eeraﬁ% 0 ri%%: But 2'éltii:%varl01(1%5. DNEl total lipid ratios 1:ILllelo

1 (e S PR YA RIBY RARTTR SIS IS P8R Bohipie s’ v
at 1439:dEkdblish the level of chemosensitivity induced by the cys—TfRscF V- L1posome -p53

complex of this invention. 5 x 10° DU145 cells were plated/well of a 96 well plate. After
24 hours, the cells were transfected with the mixed cys-TfRscFv-Liposome-p53 complex.
The cys-TfRscFv-Liposome-p53 complex was prepared by mixing at a ratio of 1:30 (w:w)
(cys-TfRscFv:Liposome A) and 1:14 (ug p53 DNA: nmoles total lipid). One day after
transfection, anti-neoplastic agents were added at increasing concentrations (in triplicate).
The XTT assay was performed approximately 3 days later and ICso values, the drug
concentration vielding 50% growth inhibition, calculated. As shown in Figure 5A,
treatment with the cys-TfRscFv-Liposome-p53 complex increased the sensitivity of the
cells to GEMZAR® by 8-fold. For Figure 5A, the ICs Values (nM) are as follows:
cys-TfRscFv-LipA-p53: 0.5; cys-TfRscFv-LipA: 4.0; cys-TfRscFv-LipA-Vec: 4.0;
Untransfected: 5.0. The fold sensitization for Vec vs p53 = 8 and for UT vs p53 = 10.



WO 2007/142781PCTIUS2007/011407 - 40 - made via the conjugation

wethrd (hiRscPv IB in Figure 7B) and a different batch of single;shain @b~
1/30, 1/14 (TfRscFv | in Figure 7B) also were injected into mice. 60 hours

post injection the mice were sacrificed, tumor and lung harvested and

protein isolated for Western Blot Analysis using an anti-EGFP antibody.

thiliganded EipA-EGFP complex (UL3f Tf-LipA-EGFP complex (TO and

BSA-LipA-EGEE complex (BSA) were injected into mice as controls.
[0165Figure TAmASISHAVN 43 thelDWidbsenvivrantE GRRIbEnd i ohseredin! 7-5-fold

t?? sitives ontrq}§rTfF'|;?(B§eI§§II and |qc'§JRs§ﬁ\éL Mesasignifieantly afollows:
%GF signal was

und in TfRsc id-ratio an
1PVE: ﬁﬂfﬁﬁ‘ﬁ'&g{‘\o‘?ﬁ%\% K616 Ri% Ig éP EXpree ss%)f#\%(\:/lg; Iébléeféfnl 40 end
nomnahkiagetiss o, Thefeitrensitieatips-TIR&IVRPdHIE pregdpel bys P33 = 22.5.
sigple. MR SRR dpLaRLimatisH aelively Aliensy stemica iinBiratiorx10° Panc
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Example 4

In Vivo Tumor Targeting by the
cys-TfRscFv-LipA-EGFP Prepared by Simple M1x1ng

[0166] DU145 tumors were subcutaneously induced in female athymic nude (NCR nu/nu)
mice. Mice were LV. tail vein injected three times over a 24 hour period with
cys-TfRscFv-LipA-EGFP (enhanced green fluorescence protein) (TfRscFvII) prepared by
simple mixing at a scFv:Liposome ratio of 1/30 but at various DNA:total lipid ratios (1/10,
1/11, 1/12, 1/13. 1/14) at 32 ug DNA/injection. For comparison, a complex at 1/30, 1/14



mixing at a ratio of 1130 (eys-TfRseEv:Eiposome A, w:w) and 1/14 (lig
RMNAIR, total lipid). The tumor area was selectively eXRAsE

Gy dail)//p;‘%fzﬁionated doses of 7-radiation to a total of 32 Gy (Figél}r(}é?7 8 1.9407
The animals treated with the mixed cys-TERscFv-liposome A complex
plus radiation had significant tumor growth inhibition. Similar findings also
were observed using the combinatiot ef the anticancer drug Gemzanr9
and the cys-TFRseFv-immunoliposome of this invention delivering tumor
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HER2 complex. For Figure 9, the ICso values were as follows: TIRselly
-LipA3-AS-HER-2:16nM;Tf LipAeB%?- 52:14nMand
TfR-scFv-LipAe-SC: 200n1VI.The ICso of TIR-scFv-LipAie-SUICso of
TfRiscFv-LipAe-AS-HER-2 - 12.5. '

Radio/chemosensitization of Human Xenograft
Tumors by Systernically Administered cys-T{fRscFv-
Liposome-p53 Prepared by Simple Mixing

{0168) Efficacy studies were performed to further confirm the ability of the
cys-TfRscFv-immunoliposome complex of this invention to bind and deliver wip533
efficiently to tumor cells in vivo. Mice bearing subcutaneous DUI145 tumors of
approximately 60-90 mm° were injected, via the tail vein, three times a week (a total of 10

injections) with cys-TfRscFv-Liposome-p53. This complex was prepared by simple



Example 7 In Vivo Chemosensitization of Human Xenograft Tumors by
Systesmigally Delivered cys-TERscFv-LipA -AS HER-2 ODN®Rrepated oy
Simple Mixing 101711In this example, the ability of the eys-TfRscFv
liposorne-DNA complex prepared by the method of this invention to

deliver an antisense molecule to tumor cells in vivo after systemic delivery

is demonstrated. To show the univetsality of this delivery system two

different human xcnograft mouse tumor models (pancreatic cancer and
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Significant tumor growth inhibition of human breast cancer xenograft

tumors also was observed with the combination of the drug TAXOTEREO

(docetaxel; manufactured by AvEREPIE fiaceuticals, Collegeville, PA)

and 1.V. administered cys-TIRscFv-LipB AS HER-2 prepared by:the

method of this invention (Fig 10B). While liposome formulation.B was

~ used in th@hﬁ@ﬁesmmmahemaﬁiﬁanmr@gm descibedlibéveifor Panc
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iméghigeabeiehstessretest faRGselnldles Thacdp W@Rﬁé‘éffé‘?‘%vlvgé" gours fater

used ipstiercoPrplapA-AS HER-2 prepared by the method of this invention. T{-LipA-AS
HER-2 and cys-TfRscFv-LipA-SC ODN were used as controls. SC ODN is a scrambled
ODN that has the same nucleotide composition as the AS HER-2 ODN but in random

18 mer

order. Asshown in Figure 9 the cys-TfRscFv-Lip A-AS HER-2 complex prepared by the
method of this invention was able to sensitize pancreatic cancer cell line Panc I to the
effects of chemotherapeutic agent GEMZAR® by over 11 fold. This increase in

sensitization is identical to that resulting from transfection with the positive control



101741 Fig. 11 shows the results from one L.V. injection of the

S2hiReeRY LIPAMAGNEVIST(r) made by the method of this ivaiRtien 4o

into mice bearing subcutaneous xenograft tumors of human head and

neck (top , panel), breast (middle panel) or prostate (bottom panel) origin.

A higher level of imaging agent enhancement is evident in the tumor that
received the cys-TaseFv-LipA- MAGNREVIST(r) as compared to that

receiving free MAGNEVISTO demonstrating the benefit of administering
therimpgingageR usioe e contplexrarepared the tHEmethodsofutiis as  follows:
in¥§gé[ic vait%g@%rseﬁwjg;ents pihincreaseq ypiakeas. thertymor asanm and

compared to the surrounding normal tissue also was er S[é)%? -
SikftarERHaRREmENt afshWhs obseWed Lfgfr‘ig sﬁ?ﬁge%e fé’%%q&le ﬁr%]é: s of
mefasiedisipdde A 3-BEBIFL -0 Zrfouse melanoma cells were injected
intravenously into C5713116 mice. These cells form tumor nodules in the
mouse lungs. The cys-TMseFv-[égosorTé: AGNEVISTOD complex was
prepared by the method of this inventibn also using the preferred ratios of

1:30 and 1:14. The complex was |.V. administered and the tumor modules
imaged via MRI. Compared to free MAGNEVISTOQ, the enc%psﬁu?ged ically

nading GdemarsavEsaisn Ak B B all
mm@émmmﬁa%vc&me%m% SirRatrckby Smmple Mixing

MAGNEVIST(r). WC) 2007/142781PCT/USZOO7/0_11407 - 44 - Example
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incEpARMYAL PHIRS G 1B By THVEFEIbRERE i@ TRt Hhimare.
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(12-18 In).



[0178]In the experiment shown here the nucleic acid was pLuc, a plasmid
RYAthatL £edes for the firefly lueiferase gene. Human melgnqma eis, 1407
MDA-MB-435 were plated at 5x104 cells/well. Twenty-four hours later they
were transfected with the cys-TfRseFv-PEG-LipA-pLuc as described in
Example 3 and the transfcction efficiency assessed by the level of
luciferase activity. As shown in Fig- 42 the WO
2007/142781PCIAIS2007/011407 - 45 - cys-TfRscFv-PEG-LipA-pEue
complex prepared by the method gfiifjisdvention was able to transfect
the target cells with better efficiency than the PEG-LipA-plinc without the
targeting cys-TiRseF protein. 01791Thus the method of simple mixing
described here also can be ys imple - jve means of pi
eparing sterical %ﬁ%%%% 0@ Pm%%%&g&?ggg élt%%g}pggrﬁg
Prepa%ﬁ&g%%eé}ta ) %Ii%ﬁ a@?ﬁf& kggéMC-S-lgs)-
Comprising-lrnmunolip‘gé%ﬂreﬁ)easr%y%){m|5fél |X|néli 130]To improve the
in vitro and in vivo anticancer effgctsbqf tht% small [5‘313 Clle. CMCE-5-193 2 4 form
101734 mor-taGEtAg TBEGHATEHHT B RBBMERAG e Small moleculE was
prepas iR deFadditronne-arRERsc HethipRoolmplex ae catinft Mhbsd igention.  The
c%g%@q,)#g;ﬁ&ggps@mlaﬁdj&umiﬂg@ﬁ%ﬂﬁoﬂ_ia&-Ibkalﬂﬁiimiasra&smtravenously
prepared. The endosomal disruptjn ti 0 the:
o e A B P Rnor and
in msyreisResm Theie ﬁ@aﬁmipa%@m@%dﬂ?&é?e_bﬁfé’@gﬂﬁé{w‘?a‘ké&s“’%ﬁ% VIST®
celisqdue o plevatesklavels Tt heiconespoidingireceprbvdry ieip surfaing are the
Hﬁr@fleer\r/&lsr&[ogw £33l @cg/s(}i“ %ﬁgcm%i@ﬁei%)@Wﬁm@?'ﬁﬁa\gﬁéeagem:nmoles
evident in primary tumors a%;ﬁitsﬁésr &%Qgt |sng(pormglctlglqug such as
livEPIRmg, BEHEHEF I P HtsEiRar dypts Tr this Example. a liposome
[0174omplex Bigthel prasenttiersibn, om prisingthétesrere Afithe ptbfRscFv-LipA-
SingleERaRMETIR Sehy vyasdisReha delivir MG 193 tnicahestgelisbitutancous
vitro and in vivo to evaluate the in yitro in.vi l0-effi f
DB TG O ST A e A i QR e o prostt
100R 10T PANHEEEO3 A BT RO RARREHSA GRS RAR) S cvident in the tumor
dialephdphosphatidy TR scFv-LipA- MAGNEVIST® as compared to that receiving free

MAGNEVIST® demonstrating the benefit of administering the imaging agent using the

complex prepared by the method of this invention. In other experiments an increased
uptake in the tumor as compared to the surrounding normal tissue also was observed.
[0175] Similar enhancement also was observed using syngenetic mouse lung metastasis
model. B,¢/F;o mouse melanoma cells were injected intravenously into C537BL/6 mice.
These cells form tumor nodules in the mouse lungs. The cys-TfRscFv-Liposome-
MAGNEVIST® complex was prepared by the method of this invention also using the
preferred ratios of 1:30 and 1:14. The complex was LV. administered and the tumor
modules imaged via MRI. Compared to free MAGNEVIST®, the encapsulated imaging
agent also has a prolonged uptake in the tumor since the peak enhancement with the

complex is later than that of the free MAGNEVIST®.



ethanolamine (DOPE), and N-maleimido-phenylbutyrate DOPE

Wo-RB RPRRE) were purchased from Avanti Polar Lipids (Alalagiefa a7
The K[K(H)ICKK]5-K(H)KKC (FIoKC) (SEQ ID NO: 2) peptide was
manufactured by Sigma-Genosys (The Woodlands, TX). WO
2007/142781PCTI1JS2007/011407 - 46 - Synthesis of GIIIC-5-193
[01821The compound GMC-5-193-wés synthesized at the department of
Chemistry, University of Virginia. It has a molecular weight of 359.4 Da

and its structure was confirmed By:ngse $pectrometry and N1YER. The
pKa values of amide proton and amine proton were 15 and 9,
respectively. 2.5 ing/mL stock solution of the compound was prepared in

DMSO. Cell Lines 33, Gl (130T e hymam aigelgte cancer cell ine
DUI 45 (HTB-81) | ' : (CRL-6475)
were obtained frore%n euz‘lﬁgﬁ%ﬁ%%%’cﬁtuggc%ﬁgﬁgg (A.TCC;
Manassas, VA). DU145 was cultured in Eagle mink sential ' the
101761, Earfs’%%sﬁs'% ?El\ﬁ l%xtfrs)pféﬁ]ern?éégywiﬁ%ig%%—Tﬁg%tiggﬁ% %;t%qlm%y. 4
b@vﬂmlgemmigsy;stzmmagmﬁ@mrﬁézra}?a%blﬁgwﬁﬁl%%fﬁ%%ﬁa%{Sta"‘l““
StRRIAMYE ikva b ReoyaineBiha! ik Oc(A REGpERE 8475 nasicedtBFétiegrated
Dulbecco modifi le,megd] pRierBestas With 10%ciude a targeting
helg?c-)ir%é%wg?gﬁ‘ngcB%%%ﬁMQﬁ?ﬁS%?gnd 58 (PP(%{EI each of Qen{(g‘;}icllir}%0 st if
SRS R R R R SRbi (Bt T e oOmplen. Most, i
M B AU B> #@Bsehuettaridreasst ianbisracipiies AODIASKIBIRI P Hhipk hraRUubody or
PapgiRAHcEaRear ealid PEE AN hangreneiitiiadattitnpsauehkkkiibd used to form
(MEM) supplemented with, 10% heanactiyaled ERS .28l Ligamiagapie, we
an@%ﬁoﬁtﬁ Yt Bac esc‘f]l penlcﬁﬁn, streptomycin, and heomycin. The b
meastaticate hinE DRI SO 0BC WascaR VEIBPEL o h N AIRTER R gnolecute bY
asgigse MiRAAIR OB avas tuliusedireiMBMrsuppfémentedravitfe@dgrman tumor
hegé{gactivatedEBS, 2-riM L-glutamine; and 50 ughtiL each of penicillin,
streptomycin, and neomycin. Normal human lun fibrotljt) ast thI?\:;?Oi &gﬂ%ulaﬁom
(0173 gift frord DR P& AN HRORI R IR B it ient, Natonar -
Instituiem aixdeplts Bethesdd WiDhuwlekeacidtredliipEMEM (ug DNAmmoles lipid)
supplgmentes Witk iNeat-nactivaipd fiBSwasmb¥e LugluiaingeiBl, available
mM _nonessentjal amino acids,. 1. miv I vate, i .0 was gen
RS SRR SR R 0 R s
skimfitrtoblRstict fteeds STLA e Er B EMENFLER SR Memet with> ©orm the
1md ¥ Ir SedivnrpoyuyaiedeiviNor-essentiad amsifidiacits plosit 0%strelged to the
n ;tﬂé{%% feialboving Serum M- huiaminsmand: &9 eiginl gagfy ahd kept at
penicillin, sf’reptom cin, and neomyain. PQ‘EM was purchases frc%rms in vitro. Other
Me@%é?ﬁm%ﬁ%‘ﬁ,l\?ﬁlﬁwﬁstﬁ% oth & e Thadia and

er Eeﬁ?&ﬁﬁure media an
ingredhienisiweresshttin®tbftchn RicHGBSERJHesMac.MDY) Rt also be employed to
ZOQ’ZHAgZ %&B&HU 8200 L4070 Dextrose was added to a final concentration of 5%
after the incubation, mixed gently by inversion and injected into animals. Alternatively,
the final complex could have been stored at 4°C overnight (12-18 hr).

[0178] In the experiment shown here the nucleic acid was pLuc, a plasmid DNA that codes
for the firefly luciferase gene. Human melanoma cells MDA-MB-435 were plated at 5x1 0*
cells/well. Twenty-four hours later they were transfected with  the
cys-TfRscFv-PEG-LipA-pLuc as described in Example 3 and the transfection efficiency

assessed by the level of luciferase activity. As shown in Fig. 12 the



- 47 - Preparation of pfRseFv/LipA /GMC-5-193 Complexes

13 Splatigpic liposomal formulation LipA (DOTAP: DOPE@ky52007/011407

DDAII:DOPE at a 1:1 to 1:2 molar ratio) were prepared using the ethanol

injection method as described throughout, and in U.S. Patent Application

No. 09/914,046, the disclosure of which is incorporated by reference

herein in its entirety. TfRsCFV/LipA/GMC-5-193 complexes were prepared

as follows. After 10 minutes incubation with rotation or stirring at room

tespneratde, oEGmiskelakldpdlangréfRsdby (hatioegfoliREbE toehijpa, was able

1% tt(r)ax:lisée:%t( e/VyQ%erp %ﬁssk‘d%bﬁé&mlgfﬁ%l&‘Q %%W%éh@z@l‘ﬂ@p&pk% lithout the

the appropriate concentration was added mixed by inversion or stirring at

roerectempETaitter B EciiEubated for 10 minutes. For animal injection,
[0179§lextroseransterastwias sddedrieantesaipldtoalinatebaestraticirytle, non-

19.10.20%, 1OIE SHitROLY: Bz 0% TS HiftBLIato. QL SME B3 dees.

Liposome was from 0.2:7 to 14:7, more suitably 2:7 to 8:7, most suitably

7:7 or 2.8:7. The sizes of the complexes were determined by dynamic light

scattering at 25C with a ZETASEZENH%U@OHS system (Malvern, United

Kingdoni). Preparation of TifiscPWL2PA 10KC/GMC-5-193 Complexes

[0185]Cationic liposomal formulations for use with the 1-10KC peptide and

Lip@Mﬁﬁz@&Tgﬁﬁ:@QP&:tME&S@@EBmDDM@@BE(&MB@@PBat

a 1:1:0.1 to LaRyfrivhiar hatinshvigregeparey Ssmplthbléxiagol injection

method. The LipA-HoKC liposome was then prepared using the coupling
[p18¢gaction fpetygasvhereationie-ipasomes carmtingitive nitdeimiddahyromplhmplecule

the;peptidescarrying terminal CYSIRING.9Tonm, Ak RisHiGsh: deserhednYidoute was

bd

W., et al., "Enhanced transfeétion efficiency of a s%gttemic ”X dren!{i::vcerex‘jl ated with
tumTSPAE G HHATL o RpDIES BRI SEIBR B &P -1§3h65|f&§%|stid(§fét%& .
oligaiysine péptigerzivapiaic (AidsHRESSameh Bsoete 8D /) A SIRNTRA gfsTupting
0.1 o9l e paptids withae e iskaroup dmaystejanwas ctteddes 2o affect
mmol of LipA-MPB in 1

n 10 mM HEPES (pH 7.4) solutio Qﬁp :
oA O R L e b ity targes
cotmentratibriot Todetared REEh W IBAIIBREITIIE-RIGPESHhPlekgurface. High
weks fEepkeeasdotovws. 1ikiad- ifomindigsiireabatienwitherdlation prmary tumors
stirring at room temperatu ' f 1ipA= {RSGEYnd intestinal
o TRy o L B e T
1:FOE W HeRERres 21 BR st e aPBIGh At iy ent trYention, comprising fhe
2034278 1REFIUSR00 7RI AT scBrserrs atiohtodeizerfed ke 8Py cancer cells
iNversion, oxStisking, gt {o QL teRePekatHreiapdhikcubated fab kenvakuteSthe lipoplex
For animal inj glcgrg trose or sucrose was added to each sample to a
finéff’%é’?ﬁg jori of 1% to 20%, more suitably 5-10%. The molar ratio of
GMC-5-193 to Liposome was from 0.2:7 to 14:7, more suitably 2:7 to 8:7,
Mogtskitably.4:. trand®B:7. The sizes of the complexes were determined by

namic li cattering. | T R(0h 320 IS 8Y¥RI&Mphosphatidyl

o1 S%alvern,&ggf?t%é’go ?ﬁgwgcl)gr%z) n%%%éﬁ\ﬁ%di%ag%) Onpti x a(?M Q?EQSQPEP g

THiisbrvAapinG AROE 0 876 ?‘fﬁ%@ﬁ\ﬁt‘?ﬁ&&ﬁ?&gﬁ%(ﬂ%&&% -DOPE) were

Complexesi 10386 Mvonin Rifro dyitodoxieitsbsstmtied 8-t BRI HOTHEHKf(FOKKC

in ]@gﬁb?g%@)ﬁ@%%%g@‘w%%%S‘&%Bt&fe@M%Hdi@ﬂﬁﬁfe(ml&t@doodlands,

in a 96-well plate. After 24 hours, the cells were washed with serum-free

meditth, overlaid with 100 tiL of TfRscFv/Liposome/GMC-5-193

complexes (TfRseFVv/LipAJGMC-5-193 or

TiRseFv/LipA-HOKC/GMC-5-193 as appropriate) or free GMC-5-193 in

serum-free medium in increasing concentrations, incubated for 4-6 hours,

suitably 5 hours, and then supplemented with FBS. The cells were then

incubated for an additional 24-72 hours, suitably 48 hours at 37C in

a-humidified atmosphere containing .5% CO2. Afterward, the wells were

washed with [IVLEM without phenol red and the cell-viability KIT-based

assay was performed according to the manufacturer's protocol

(Boehringer Mannheim, Indianapolis, IN). In the presence of an

electron-coupling reagent, XTT, sodium 3'{1-(phenytamino-carbonyl)-3,

4-tetrazoliumi-bis(4-rnetboxy-6-nitro)benzene sulfonate is converted into

orange forinazan by dehydrogenase in the mitochondria of living cells.
The forrnazan ahenrbance whirch correalatac tno the niimher of livvina celle



96-well plate. After 24 hours, the cells were washed with serum-free
medidmoxerlaid with 100 pL of TfRscFv/Liposome/GNIC-5:43%1007/011407
complexes (TfRscFV/LipA/GMC-5-193 or TfRsaviLipA-HOKC/G1VIC-5193
as appropriate) or free GMC-5- 193 at 1.25-2.5 p.N1 as GIVIC-5-193,
incubated for 4-6 hours, suitably 5 hours, and then PBS was added to
each WO 20117/142781PCT/US208vf1111407 _ 49 _ well. The cells
were incubated for an additional 24-72 hours, suitably19 hours, followed
by the asigitiesobtiasppropriate supplemented medium with or without

(0152 NEMOtherapeIlics in inrEeasing conceniialionsa andiRCHOANORAOINURSistry,
or approximately 24-72 hours, suitably 48 h(éétrs. Tgéeggw moth(ier?g%utlgmre was
dFdRjEEEY YeYdraoibrioltih EBASIYT al& eBL 8ford, I%fld%]eefaxe _
(Taxbtere] Byentis Riranvaceytiod|SNBRidGbovaker VRIgpsmitaxatiipiéon and amine
(%Lgyd%WMEQd|@9%§ﬁ%&i@@§9-2.§%§‘&ﬂvﬁ%@ﬂ dotisplatsT (RdDEhpound was
Bedford Labs, Bedford, OH). The XTT assays were performed to assess
tHEHEFESAB BMRsitization to the chemotherapeutics, and ICso values of
each cell were calculated. Fold sensitization equals the following: ICso
untransfegiegilcsergacdigamplex. In Vitro Confocal Imaging [0188]For the

f | . %0 0 / i ! oma ce
{0183 l’?en ;I;zt[lﬁ% I i _1\'/1\/ gﬁ) >i|a;l';[a éa%%lfsc\%ﬁ?qlgé MQAM%‘@EB W%%&&%%@ﬂm 1l

' plate and, a er 24 hours, washed with ser rrl1-freeC lecti
e R S S PR S B MBS AR 53 iR Ve Collection
(RRBCE_\/MQAA@MM—M@? iR seFv bk -BRaOrGMOB-¢98ntigl medium with

ARRLOPIAC N RS 91}4&&5;&9@& and neuhatad o6 Heurs:Biotmdrserum (FBS),
after treatment, the;{lzg I

were washed with phosphate-buffered saline. . -
(PR R APl Bt b B ey A repEin, BIG/K10
WItAPBS. TREFO4AS cales veaterasountdrBreerr sneldipdsEagkingedium (DMEM)
PRELLONG (k) Antifade; HisMoalasuira PrtesrBugegie-0Ry, kot fugigarl each of

staining, DAN, blue-fluorescent counterstain [ea9enLInRelegt ko Nusleans-43s,

Laﬁc%llﬁlg kits%éf)t}&rgﬁcé%ll?fﬁgf&l:ﬁ?ar Probes) was used according to the 1
 mARTMCHRIEFS FrAEIcSr i BRmARIngY B Oly s S FPBIOVIEWS 30t fassr ! o

SCRARINYI confecaksystedn facategriy e BEIN 1 CIMEYOscopylanddirthgivgh  10%

S%%?Qn@&%%&%@,@%ﬁ%%ﬂ& NG T Umelt Targedin@nicillin, streptomycin,

[0189]Human metastatic cells MDA435/LCC6 (8 ) pended.in PB )
welinfEemBiRtralBfh o REIFSHIS the lail{l\?é?irﬁi\o/?g aft‘l%%g)ﬁ“&%S A

‘mic nude mice. The _
MibEXRMINGN BsALMBMRBAEE et aftlturebis WaFdMnjagtkgnented with 5%
i ntf@ﬂ@ﬂ@b‘ﬁl&ét@dﬂffm@ GMQ:%I&Q&;EI@_E}R&GE\HEJW &Mﬁ?ﬁa&xg&llin, streptomnycin,
TIRSCEV/LIDA-HOKC/GM G5 103 LEHIBA AN 3 (NigaRdEdh Dr. 1. Panyutin
complex ar'y mg_/ﬂg éMC-S-lQ:BEPe_r mouse. This is a molar ratio of 2.8;

(ST I B i PO SRATEE P PR b BHGHEL 04 ﬁ&h‘ﬁboﬁﬁtﬁ’r%%éﬁﬁen ). were
to Lipnsane IvEadganeplexadasith: 30 wand-ifstorthd iRSafterthjechgmine, 0.1
tggAM%#@%am mae%@ag,wg,@p&aﬁﬂzgﬁ;aegeg@gﬁ%ppmﬂ,ugaxyPeniciuin,
-50 - visible tumor, were excised and examined under a_flugresce as
RSP ST BB BB D oLt D G e 1500 was

cultured in EMEM supplemented with 1mM Sodium pryuvate, imM Non-essential aminc

acids plus 10% heat inactivated fetal bovine serum, 2mM L-glutamine and 50 pg/mL each
of penicillin, streptomycin, and neomycin. EMEM was purchased from MediaTech
(Herndon, VA) and the other cell culture media and ingredients were obtained from

Biofluids (Rockville, MD).



In Vivo Efficacy Studies 101901Mouse melanoma cells B16/F10 (1x105)

SHUsRaPFeddn PBS were injected intravenously into the tail ¥einQ5oo7/011407

C5713L/6 mice. The mice carrying B161F10 tumors were intravenously

injected with, free GMC-5-193 only, or TfltscFvfLiposome/GMC-5-193

complexes (TiRsav/LipA/GMC-5-193 or 'FfRseFv/LipA-flOKC/GMC-5-193

as appropriate) alone or in combinatian with CDDP at a dose of 3 mg/kg

GMC-5-193/injection two to three times a week to at total of 7 injections.

The molar ratio of GMC-5-193 to LipA or LipA-HoKC in each complex was

7 to 7. The ratio of single-chain antibody fragment to liposome in each

complex was 1:30 (ww). Certain groups also received CDDP only, given

ashudiee wesldl iffedtdhed/'@\btal 38 (rje@isies. The first two CDDP
(msitpjectionmﬂ@txgo&mg/kgnﬁutmm@qummmSmmzmgmg atal:1to

As BECkD PLIRAIENL S DIER WRIRLPAUNRS DR NN throughou,

excised, om eac mouse was withdrawn. The organs were
fixéf&iiﬁlﬂ)% ParenatratifaEaiiep ARLHEd tnthro Shselasyropt which'ss incorporated by
beferabeinyeRhotog raphiiy\WiiStev BlatAA6aGS F Oloawdd GaspetgesBared as
fromiice §ﬁ£ty gb(%%&gn,gmm %Mﬁoqmm mrtmfﬁgq;@rm sityseRture of a
mice was centrifu r in atr ure
aftEEBSGRh SR agg%%{rﬁ FO BEra g?e or}Eth u]t'lqlzue ée?g rrrr11 v%dzef%;‘% Tioxe suitably
to & Hete @ubévaﬁﬂtbéimmgéééaéuﬁ el P PO0G FSree0ssies .Vwaﬁ@dded rmxed by
SURRIERIARN s ety as posifiednipinghad 30 Miﬁ(‘ﬁmBJ:D{&pim_minptes. For animal
Ch'l;?m? t%g @QQXSQQ %}o@ IQAgAPdelal %Céé&ss 'féleﬁﬁhm%%ﬁﬁ%% of 1% to

actlons was loa on a4%to 12%egrad|en NuPAGE gel

(IngRTBgBPrE et RnbIct iSRS BQHEFAPL ﬁl\gﬁdfsrﬂl%%ﬂﬁ’r‘ﬂ‘i’éoﬂflﬁﬁs from 0.2:7 to

pratein markarifably 7 ©f8 themgel {eigdrioXifiately81% h2 siosrs)) thkftemplexes were

eleglfaRheSS, dhe.RiRtENR Warediansiersed QRte 2 MEUANBASS000HS system

nitrocellulose fransfer membrane (Schleicher and Schuell, 13ioScience,

Ke@ﬁ%“’ﬁfﬁ) Bl f‘%&‘%ﬂiﬁ@%‘tem blot anaIyS|s for cleaved caspase-3 was

performed with cleaved caspase-3 (17 kD) antibody. To block nonspecific

bingiag. hemgmatanre nas incriaatadatsroomdanmpaiature for 1 hour with

5 % nonfat dry milk in 10 rruM Tris-HC1buffer, pH 8.0, containing 150 rriM

NaC1 and 0.05 % Tween 20 (TEST). The blot was probed with cleaved
EOISééspase SRR prsamr ity eesfosivitaniy fecHrblogrrbdtany, HipA-MPB

MADa1ATO DS topi HY OPE i RSB WOPE:MPB-DOPE at a 1:1:0.1 to 1:2:0.1 molar

ZOQZAJ:‘])ZJ&% WMZQQEMQ%&IWQ&%H'9@&@%4%@@%m%ﬁ@5hﬁ%ome was

three times % minutes each? W|th TBST The ro}leln was, d?tected using "

go At EhEF ?fi SEROn ATy At ?té% SR IS oTRHRu dRosomes cartying the
Laboraiovidssinesnd tbyacPidy; ww&féwwﬁrmgqﬁwewémrmfawix,descnbed-
andriypetfilng EGL (Ararishaim aRiseaiamaysiinResutsalnsyitemically delivered

plmlza ion fthe Mola{ q(cg iltseEV/LipA- 11oKCIC Ril03 ed olizol
Co%n %ﬁféﬁ“‘?’ﬁém Ta C%\?/LI A?—Iol?é’/GMé% 193 cé\r’ﬁ&eﬁdv%aage oligolysine

pr dmté& adVueenetridp & rseard %%K&PP&% e pfiasphaf thbrREtababthe peptide
|IpaﬁﬂﬁteffﬁethﬁoT’@ﬁqFWLdeeH®M€s’@M@-5} 2aBmesirapliax AvVREPBatinizedt HEPES
&if"f%@oﬁﬁ%ﬁt&E%EQE@FH:&%M%‘&%@&W%@B% r%‘]gsrégtﬂtmg LipA-HoKC

3 to LipA-HoKC on DU145 human prostate cancer cells was

ool SR EOCAN bRV LV bR Pars e amelees ver

after@hdadurs Witle T¥REdFer/[1ip AnHoKE /BB 98idomplexe soor friggng at room
GM&%&%J&%M&ﬁ@%ﬂ)@%ﬁ@mﬁﬂé&h%&@Mﬁ@@m@mm HoKC,

assess cyt tOXICI and the. | iop.i
50°}o]gr%¥ |H‘ﬁ/blt O\f\?esruel%a?culfégg ?rgglt %htge atzlgc?gn 7 \ﬁgb f%?mp“ate

curve. Figure 13 shows the 1050 values of DU145 cells treated VV|th each
complex. The ratio of single-chain antibody fragment to liposome in each
cornplex was 1:30 (w:w). At the range of the molar ratio of GMC-5-193 to
liposorne of 2:7-7:7, a decrease in the 1050 values were observed in cells
treated with the complexed GMC-5-193 in comparison with cells treated
with free GMC-5-193, reducing the IC50 values from 7.7 0.9 pi'/1 to 2.2+5
itM. At the molar ratio of GMC-5-193 to liposome of 8:7_ The 1050 values
of cells transfected with either complexed or free GMC-5-193 were similar.
The GMC-5-193 complex at the molar ratio of GMC-5-193 to liposome of

77 wac ~rhncen for fiirther evneriment becarice thare wace nn cianificant



WO 2007/142781PCUUS2007/011407 - 52 - after 24 hours, treated with

TifssbvHRA-HOKC/GIVIC-5-193 complexes, free GMC-5-
concentrations of GMC-5-193 were 50 nM--31.25 pM. The :la%g‘{g??@t%g%?m

GMC-5-193 to LipA-HoKC in the complexes was 1: 1. The ratio of
single-chain antibody fragment to liposome in each complex was 1:30
(w:w).The XTT assays were performd-48 hours after treatment to assess
cytotoxicity and the IC50 values were calculated. The IC50 values of

DM&&MM%/ hfaEbnaneiB1641 310 nelistreatest witntherperature and incubated
TIRSSE YRR K GG MR L NRIG LWL LIaR 1058 el ddlintafiple 1 o

dicating incréeased sensitivity to this molecule.

MiDAL mmmﬁawgg/sﬁwfos%ﬁﬁmgﬂf&tﬁé 0%,. The molar ratio of GMC-5-193 to
TﬁB§§&VA§i%gIﬂ@{ﬁ@[ﬁM€@:i%@ﬁ RuleiN 102: Frtee8 GMOs5s19&i T g7 or 2.8:7. The
0reatest iferenes I seNslREMECR TG AR COpRISRL BYI G 9 vith »
was seen with DU145 cells (reducing the 1050 value t}rom 7.9ulvl with
&IPS ZERGAOCEH ﬁé%%%?ﬁi?i%?ﬁf&%%ﬁ‘%“{ educing the IC50

value range from 6.6 08 p_Mto 4.2 0.0 p.M). 101941Table 11l below
shpws/ihe r%%wtsﬁﬁﬁﬂﬁwaaﬁa(ggg%@mrf@jm% CQIRRAFING GV C-5-193 or

“Viaby

GMC-5-193 and the TfRsaviL| C-5-193 complex.: Table 111 IC50
vaTﬂé%fﬁﬁl)“%ﬁ%ﬂéﬂﬂ%?tﬁ‘fg‘ h&u JAsSay Cell lines Free GIVIC-5493

[0186]aseFv/BpAIG Wi-5y1gexisin #5:diesiP6!3. 8-5it 0. s eAssisss 108 ¢sof the

appropriate growth medium of each cell line were plated in a 96-well plate. After 24 hours,
the cells were washed with serum-free medium, overlaid with 100 pL of
TfRscFv/Liposome/GMC-5-193 complexes (TfRscFv/LipA/GMC-5-193 or
TfRscFv/LipA-HoKC/GMC-5-193 as appropriate) or free GMC-5-193 in serum-free
medium in increasing concentrations, incubated for 4-6 hours, suitably 5 hours, and then
supplemented with FBS. The-cells were then incubated for an.additional 24-72 hours,
suitably 48 hours at 37°C in a humidified atmosphere containing 5% CO,. Afterward, the
wells were washed with IMEM without-phenol:red and the cell-viability XTT-based assay
was performed according to the manufacturer’s protocol (Boehringer Mannheim,
Indianapolis, IN). In the presence of an electron-coupling reagent, XTT, sodium
3°-[1-(phenylamino-carbonyl)-3, 4-tetrazolium]-bis(4-methoxy-6-nitro)benzene sulfonate
is converted into orange formazan by dehydrogenase in the mitochondria of living cells.
The formazan absorbance, which correlates to the number of living cells, was measured at
450 nm using a microplate reader (Molecular Devices, Menlo Park, CA). The ICsg yielding
50% growth inhibition was interpolated from the graph of the log of drug concentration

versus the fraction of surviving cells.

In Vitro Chemosensitization

[0187) For the chemosensitization study, 4~5 x 10 cells/well in 100 pL were seeded in a
96-well plate. After 24 hours, the cells were washed with serum-free medium, overlaid
with 100 pL of TfRscFv/Liposome/GMC-5-193 complexes (TfRscFv/LipA/GMC-5-193
or TfRscFv/LipA-HoKC/GMC-5-193 as appropriate) or free GMC-5-193 at 1.25~2.5 uM
as GMC-5-193, incubated for 4-6 hours, suitably 5 hours, and then FBS was added to each



2.50] B16-F10 >31 5.7 0.4 ean of three series of measurements S.D.
{,bymppmp&exmg GMC-5-193 with the TfRScFVILIpA-HOKG Of 1Ris07/011407
invention increases the response of multiple human and mouse cell lines

to the small molecule, as compared to the response to the free small

molecule as is currently used in the art. In Vitro Chemosensitization by the
TffiscFv/Liposome/GA4C-5-193 Conyslex [0195] GMC-5-193 has

microtubule disruptive and anti-angiogenic effects. The effect of
comdiEtiocetherap yrofitreed dncaligadditipastinye aomplexed G Cebrd $Jiowed by
wi He%%@“?m% %ﬁo })Qntt @E%BSHH%W@%@M{?M% or qg{h%%t&mmageutws n

the anticancer effe he conventional chemotherapies could be

enfSTESH AN RGBS e TS RGRY BB RANCRREHCEF IR Tompxetf 72 hours,
sneaitabigl@@ubews. (i phrs toefrpeusimdiugrolsecd|evcTh d aoilityicihtiiBed ford Labs,

ligapgdiposesas/ deéétéiéﬁ?(ﬂi&éﬁzv&k%té1%&%&@3@3)39%8%1%&, ND),

WO 2007042 407 5 iti

huFHER BRSO %I gﬁ%g%%%om i Was eX rhlne s 7? eafléisﬁ fgl%ﬁ“el (CDDF;

présdfet Enbs;géﬁéfqr@A%r&h&.mH@%wIywelpwé?@eééae?d%fathe degree of

96sweih@i&ta1a5\%aﬁﬁéﬁémgantﬁeam@ WithvhiRecFwWhipAct okets/ GM@aked. Fold

193 complex, free 193 o 0 tion of

GMeé % W u311ngil?)%l)ﬁﬁ)ewf1 \rflvgel T‘Ee mo arcr%%g% }(%%I\C/I%CJ% I%%?to

LipA-HOKC in the complexes was 1:1. The ratio of single-chain antibody

fragpmvent 10dipasdmegingach complex was 1:30 (w:w). After 24 hours,
[o1s8pxorubigin. was added 1&9&%‘«5%@@ @*&W&%@%@Mg%&@l&aw on the

ng/mL. After 48 hours, XTT Were astgo& to assess ce Jviabilit

in r‘%@sﬁdﬂf otrARiA I?acﬁ DOINt it gure BR FEprRSEnt Ly éu%etm ted with
of FfBlicEwlspenpriesi GMVEiandtd devm@\ﬁXPeSO valiiRssFefrinsfitie S-193 or
co mmme/@M@&gm @M@Wﬁ&jmiﬂgmﬂlﬁfﬁ;l 93, and incubated for

ung%nSfnge )g hltl}r% a er( a¥ C“n? ﬁlmlb tl(\:ﬁgr%x\ggsjtpl Wi ash%@?h ffered saline
because it is one of the most common O?t e chemo erapeutl

be &I &Y ifsr BurABTHATOR RAREpYAGth e & Ot apt wephigasn Wifh PBS. Then,
tubtiliregnlywesrizioghagenistorshideagtcansag FRIONAIED Wetdade Kit (Molecular

Caw@é@dﬁ%@ﬂé msﬁe@mwm&i%mﬁﬁwiﬁw@éé&é ddeRenvEdagent in

an ICH, similar-to that -of untransfected cells |nd|cat|n that the I| osorltes

TSGR Mo BBV E AT WBATEE ST DU CHIE Lot SRl A orine to

slightlyrredrsadeeprrsesiydific anagiudifferdpiynCesbF AR aHRY $rap frisger scanning

GM&nhk? 3 deas palaffeciivaluinfibiticalkgrondhy Hawryeshaaiguifisast (MISR)

(-50- foldsz3 éwcrease in sensitization was observed in cells treated with the

compTexe GMC-5-193 in comparison with cells treated with free

GMC-5-193, with the ICso value declining from 300 to 8 ng/mL. [0196]The

restalterof Z:gHon|an gtttk examining the effects of doicoruhicin only,
[Olﬁfxonth'Cﬁlam&{‘?1&(&95@&4@6%8%@%@)@@@@?@”}@%9&§ in PBS were injected

TtfiscFv/Li A/GMC 5-193 %{GL GMC) complexes (i.e. cationic
imnMUAST ‘?&fnégt\(?vltﬁb & H8Rc epatf ET1E ShSWn MiETgufdasBicPheaTying
' mMWWI@BW@WW%@W&@@GSW@W@MM@E@@MC -5-193,

Slnﬁtk@c@w&@rﬁmfd& fsragmentftemﬁneﬂamc%@mmm@x \ﬁsas ﬂ}ﬁﬁ)/fmc -5-193
A old In ase.In sens S observe cells treate
wutK‘V‘%h e °“épc}: aﬁbg R gqggagn {0 DOt %I(Ie Wit io of 2.8:7

compilex -o- in comparis I’ea{%

doxéfmﬂmwkﬁﬁp}eaﬁdlmm@b’éh@ pitis ﬁfeerelmexenleebody fragment to liposome in

each complex was 1:30 (w:w). Three hours after injection, the liver, lung and any other




[0197]A study of the effects of increasing doses of GMC-5-193,
administered either free or as TfRscFV/LipA/OMC-5-193 caraplexadatfio114e7
sensensitization on 1316/F10 cells to cisplatin (CUP) was pc rifled and is
shown in Fig 15C-E. The concentration of GMC-5-193 was 1.25, 2 and 2.5
uM, respectively. The molar ratio of GMC-5-193 to LipA in the complexes
was 1:1. The ratio of single-chain anffbedy fragment to liposome in each
WO 2007/142781PCT/US2007/011407 - 54 - complex was 1:30 (w:w). In
Figeitacl hGathe wercentiationnd! GRMOEA IBdens 1PV e -t essaphélNikon
XIrassay, wasigbatsd S hQups. dfigyre 151) the concentration of
GA/IC-5-193 was 2 pM per well and the XTT assay was incubated for 7
hours. In Figure 15E the concentration of GMC-5-193 was 2.5 [tM per well
add Hre XJicasstydicas incubated for 9 hours. At the lowest dose of

[0190?J MC-5-193.8eithantbsdreginorpamniexac M Gbpkddeanhanens there injected

response to CDDP (Fig. 15C r E@g 9
in CHERYE SN HES oéeagro g@gﬂ%reaggg %%2 éﬁ%%%%]u%mmm were

bdthreeseytheitispsiexéh. sfﬁ‘?ﬁlﬁ%ﬁeétﬂ%%%%%n%&@éﬁ%%ﬁ@&?%ﬂ%c -5-193
cellsasaemparatieiRRP@Ey-and freet MORSFIBLPAISIHRCIGNEE 5193 as

mOStl%rO“?inc%d at the 2aM 4088 Haus, \L&Rﬁerdﬁweaimgnfdegetospl ANme/kg

inéFEage in ensmzatlon was observed in cells tretat%%%\gt Tg rn%l%go ar ratio
G G- 95¥inispaiei? hrea iR e it ¥ &s B

sasfiecansenationt ifldswatiigARE Ben diickachferrplskdenverytasingtiferatio of
COMRIRX5id DHSn e dsnRAl0Re 1HRREALERT dackarsApIR-6 @NnSitizati g withCertain

the complex delivere -193. 10 81T R IRVIES Qf total of 6 injections.
exPHRTNE HI&) ¢ e(rindD(();%Mstra Batan mé‘r:gaseggespgnse is obtained

Wi dither T HTSURR fiBipALRoNETs FHRSTBWEA AlSHRISGHENHEHGET IR Were at 2
Smagmgolam&es $0409)T heaspenifititynaif-theeeffectidicthie el gn oleculecised, and

a\n IQCI%hdi?d a2 EP%&L@\%%W‘%@& this.Ipventionis ghowR HdvORigaldehyde
8 norma fibroblast cell line LIVIR-90. The above .‘

seﬁ%‘i’tE?ﬁ%W%EUﬁ%/ BRI RRSRIIBERSS were dramatically
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only Flgure 16A).
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represent concentration of dru sultin % rowth t
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RaﬂYéhdeM@ﬁsfﬂf‘d’@’d%‘i%é 19 M et R Chispaiege 150 mM NaCland
GM§6s- QAQSM& 20QTIREML ThenpategwvittoBhgyitl dledviilcdeiBe48Babbit primary
cells, representing a 2h-falddiffesenas-beiyagn fheinnsooal and iumercall TBST,
Imes In companson after treatment with free GMC-5-193, the difference

of the IC50 values between the two cell lines was only 1.1-fold. Thus
GMC-5-193 is specifically more effective on tumor cells when delivered as

a component of the TiRseFVv/LipA-HOKC complex than when administered

as free GMC-5-193. 1020111Results of a similar experiment examining

the effect of TiRseFV/LipA (without



HoKC) dellvery of GMC-5-193 on sensitization of normal human lung
HYaB14t4'MR-90 to doxorubicin are shown in Figure 16B PAGAIFR07/011407
administration of the small molecule with the complex did not sensitize the
normal cells to the chemotherapeutic agent. 102011 Similarly in a study

with IMR-90 and a different chemothgrapeutic agent the effect of tumor
targeting liposomal delivery of GMC-5-193 (TfRseFV/LipA./GMC-5-193) on
sensilization jonalioxantione e eXamined (o IOC HAIRAAsT. 1he proton

comp mgt e small molecule fot e??ectt e responseé of normal cells

tovfpstodeirtieh esTeR 09t henEFRbEL o RFRRESHTD X BRrden Slfighiion BrmunoResearch

anqthesbaemaw iunmoce|lling Holl Iwadhtmeiotigstatectanaesgeat | isdtdlyperfilm
re alsg.examined (figure 17A). 4.5 x 103 cells/well were

523%“ %pTrn"a § W‘ghspegate a:;nd fter 24 hours treated with

TfRseFVv/LipA-HoKC/GIVIC-5-193 complexes. The concentration of

GMKsus193 was 1.25 plvl per well. The molar ratio of GMC-5-193 to

LipAck: LQ*8;?:!9;392:‘?:&PB}’@A@&?&M&o]oﬁi?ﬁs@ﬂ%%ﬂml%c?b@m:@ﬂi@dympm
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s treated with complexed GM "
R T SR BT Sk B S e o el o of
snfawrﬁhl 83dﬁfér>@ﬁ?f@ﬁém%tﬁé?a7pélﬁ?er§§*€rffl BniiperifR) e ey paEeped in cells
sensitizatiomtohenicoxantsede®@yi e lGM @-5abdBrisipA witly ealld treated with free

TaéRJrcWé LipAVGMGaR-423Compiexes i PHId5 ) ﬂ9§§ﬁt@\@ﬁ{¥}%1m ratio of
cells is shown in Figure 1713. heggolar ratlofczzel MC 5-193 to.Lip.A in

th&%%fﬂé%?\%%%s?‘fe?ﬁ% fatld'® AR Ea ey Vrﬁén ifer complexed
liposdine iFNdach Ehmple \wasiipa ol (W.\&WE -3k ?ﬁéré‘ﬁéieam the mﬂlaf ratio of

Semw%\&@§&@§§w ed 11y Gells dresdadanitirthe eopBpiR¥@tbecause there was no
GMC- :193 ipcom a“SO&éOIee"Svg&%tegf%%?yt%@@%%%ao% (e complexed

as onIy a § mcrease was seen with C-5-19

seE%Y{Fia?an|§tdb%51’é§%\ﬂféhetﬁé’86ﬁ?ﬁ18>9fsq3§€d5 -182da iintemeits o /- The
anadstitional studyccoimipacihgMe-tie§Bee b serisitization @AGxXoidEibiiposome of
free. %Ci%)'l.%i(gylh@iobl% ndyeanpd, LifiscFv/LipA/GMC-5-193

complexes in MDA-MB-435 human melanoma cells is shown in Figure

17C, The molar ratio of GMC-5-193 to LipA in the complexes was 111.
Thé&hatiteof gifrgterchenp bantih GaY Fragment wsll ipd someriniphchltifmpiekell Lines
S 1:30)- %M%ﬂﬁcmﬂ@&ewwaﬂ@{wes ebsaniedfrueeldmplexed

treated with the co Iex 193 par on to C at |
OIS0, OO T TETES CMA L), DOMN e . FEDkim-¢as.
co Wé@ﬂ%@éﬁ@d@ofﬁé@tm With’ ﬁf@%&ﬁib?@(éde@?ﬂ@sai@@‘&ﬁéjpme and
CDDP in the mousasyngeneiclung metastasis model was examined.

Figure 18 shows the effect of the complex on sensitization of B16/F10

cells to CDDP as compared to free GMC-5-193. 3.5 x 103 cells/well were
seeded in a 96-well plate and transfected after 24 hours with LipA-I-loKC

only, free GMC-5-193 and TtRseFV/LipA-IfoKC/GMC-5-193 complex. The
concentration of GMC-5-193 was 2 i.thA per well. The molar ratio of
GMC-5-193 to LipA-HoKC in complex was 1:1. The ratio of single-chain
antibody fragment to liposome in each complex was 1:30 (w:w). After 24

hours, COD? was added in increasing concentrations from 0.4 plVI -200

pM. The XTT assays were perfmmed 48 hours after CDDP treatment to

Accpce the AdAenree nf cencitization t0o CDDP Each noint iec the mean nf



In Vitro Confocal Imaging [9206]Confocal imaging was used to compare
the iftetdRzation of the GMC-5-193 when delivered as fre®CEBNARS149E07
and when complexed with the targeted Liposomes (with and without
HoKC peptide), taking advantage of the inherent fluorescence of
GMC-5-193. MDA-MB-435 cells wegg exposed for 6 hours to either free
GMC-5-193 or complexed GMC-5-193, then washed with PBS, fixed with

40/ paraformalde d ualiz 0sco

Fidfite 1HA™ owg}c!%?ﬁgaﬁvsl(t)%n %@‘éﬁnﬁa %dggﬁr}gée@l\%l% 19 H%X s free
tHavideiivdfed s teaccalksinnd @M@cﬁﬁﬁfmﬁmm@éﬁé%@%@s@ molar ratio
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thﬁﬁsc@@%éﬁsﬁ%%érw@? {8419, 0f.Single-ghaimantibady fragment ©vic-s-193,

liposome in"each complex was 1:30 (w:w), Six hours after treatment, c
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invention when compared to cells treated with free GMC-5-193. [0207]The

[0194?MC 54954 %@?&9@%9@@%&9&@%@%%@8@%{&@%@%@&% Sring free

cells, including the i/o lasm_ and in the nucleus, in cells treated with t

coMferdd et TERSBIA- MG e s &P IRIF e morphology of cells
treated WanM@IHMC:EVh%mmmmﬁemu Kot oeliditveated with

ershowged mmwgounaeam%mﬂmmﬁ 193 |
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. lits indicatl- 1P Sfter complexing withtfd=S
TszscFvMD[AA\m -BRScFViLipA-floKEWEMG-5-193 can be more éffidiantly
takenup U)Blllmtellbel u-,‘l S, Wit greatgy;evidence of fitintendesi-Cel 4
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specific d%eﬁ‘,@éf}ﬁﬁﬁeefl‘ﬁﬁf’éé'&eéaﬁ%rej“ﬁﬁ& ﬁtg‘?hages analyzed. From the
thie-climemnsiomal GG of theh ASTSEhECEINK & YAk sippenbe increases

thé&é&%&M%ﬁn&ﬂﬁ;ﬂé&%ﬂH@ﬁ@Sﬁ&m&m&ém ibistedBqhalyule, as compared to
thrg?fgl;hout the %‘f%m cellﬁ]tre etgu A aétps%%gﬁwﬁggdt%eﬂ%mg -5-193 WO

’“’fﬂ%’ﬁﬂ% 1 107 - 58 - complexes, whereas the green
fluorescence was observed more in the nucleus than in the cytoplasm, in
celis nreatelewitheiree- G MICHD 11O BfRscF M WdsorTa/heiCTargé ifug:biepthe

161 9§]Igand/ L@I@ﬁ? @?9%%&2&%9@“991@ ge%%ﬁo%%g&ﬂ%'é@%c effect of
tumor hearing animal, MDA435/LCC6 @u‘n melanoma cells (8.810
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enhancement of the complexed small molecule as compared to free small molecule. The
ability of the ligand/liposome/GMC-5-193 (TfRscFv/LipA-HoKC/GMC-5-193) complex




injected intravenously with free GM0-5-193, non-targeted-

PRANENES-193 (L-GMC) or TIRSCFVILipA/IGMC-5-193 (sBETERAEy/Atg07

rug GMC-5-193/kg per mouse. The molar ratio of GMC-5-193 to LipA in

the complexes was 1:2.5 (equivalent to 2.8:7). The ratio of single-chain
antibody fragment to Liposome in eggh complex was 1:30 (w:w). Three
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enbmmsem‘ﬂvkre’iv/mmm:%r@inswp@wtemm@mheﬁm‘seﬁwmﬂﬂ%loccells to
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(equivalent to 2.8:7). The ratio of single-chain antibody fragment to

liposome in each complex was 1:30 (w:w). Here also the difference

between the signal in the mice which received intravenous administration

of the TtRseFV/LipA-HOKC(GMC-5-193 and those receiving intravenous

flee GMC-5-193 is dramatic_ Large tumors in the liver and near the spine

were present in the mouse that received the free GMC-5-193. However,

very little fluorescence was evident in these tumors. In contrast, the
fluorescence signal was much stronger in the lung mets and separate

tumor from the mouse that received the complexed GMC-5-193. These

above experiments clearly demonstrate the efficient tumor targeting and
Aaliviaryy of evetemicallvy adminictarad CGNMC-5-102 when comnleved with



[0213]The results of Figure 21B correlate with those of the Western blot
wialysissfokcleaved caspase-3 as a marker of apoptosis (gt xe)0 407

the serum of untreated mice or mice treated with

TIRseliviliposome/GMC-5-193 complexes (with or without HoOKC) alone,
cleaved caspase-3 was not detected, showing no apoptosis, thus no

significant effect of the small molecile therapeutic. Cleaved caspase-3

was detected as only a weak band in the serum of mice that received

CRp alenes 1Mo stvsignificantty, ifltbereateahwitiontnd CHERbInaBd M of S 1M per
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nuc%l? S EP \%Heirp é'&?e%%ﬂ@é%@?ﬂadﬂgﬁmlﬂﬁﬁo@%ﬁ% 493483 thedeliver the small
liganded Liposome complex elevated cellular uptake and altered the
lo&¥IERON pattern’of, GMC-193 in cells_ 102151GMC-5-193 shows
[p19gnticancamefépetibyitinditiy tfsbulintin syedbtasterulhvshtreiprhisisds pprt of the
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Taxotere was observed (Figures 17A-1713). The fold sensitization of
BI6/F10 metastatic mouse melanoma cells to COOP was also 2.6 fol

A Ig of When the cells were treated with the complex (Flgurg(fg}}gf@%iﬂfif&fl
the results from the in vitro experiments support the observation that
GMC-5-193 complexed with the targeted liposame sensitizes cancer cells
more effectively to the conventional ciiemotherapeutics than when
delivered as free GMC-5-193. 10218]One interest in this study was in

tumﬁ{gwg/ﬁgﬁ&@&verméQM%&@%&H&(&X@@@H&dmi%ﬁ@ﬁ@%q ICsp with
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without HoKC) to tumor cells in vitro and in vivo and enhances the

antitumor effect of the conventional chemotherapeutics in vitro and in vivo.

In particular, the lowering of the effective dose of conventional

chemotherapeutic agents, with a concomitant decrease in their toxic

effects, was demonstrated.



Example 11 Preparation and Characterization of Small Molecule

W&-R27P)&0omprising-Imrnunoliposoines by Simple-Mixingi[(g/%@%ﬂﬁim07
improve the in vitro and in vivo anticancer effects of the small molecule
YK-3-250 (a mierotubule disruptive compound), a tumor-targeting
liposomal complex comprising the small molecule was prepare-4. In
addition to a Tascfv/LipA complex, a%ationic liposome conjugated With
endosomal disrupting peptide (LipA-HoKe) can also be prepared and

[0208tudied amdesaribed hering Hud enitasodigitdigraptingtheptideitalea, comparing

may.hglp the release:of -3:230 i dhe-Gyioplasmof heceslisetd affeat onty and

tubulin pol merization in cytoplasm. The ligand-liposome complex
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ligangrlinpsarneidalyared .gens WeiseMAeaLn DHMAE: WIS ARRw). A ~3 fold
metastasis, but not in normal tissue such as liver, Iy g{hbone marr%\ﬁ aéu% 193 §
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inventiensoo mgrie el trndHsferinardrastonisinglexdaaien] TR RO werpase was
usg&ﬁ%ﬁ'ﬁ/&réﬁﬁfﬁﬁﬁ%m@%ﬁr ealininnil o tecavalualpl@dnMiilex is used.
io-effic of the lipoplex.comnprising YK-3-250.. W. e .
L e e
1022313 XiGety 223 iffetnyimdnishititpidpariey (bieyPARJC-5-193 complexes in
dialeply!piogphatidyi:e theaholaninelp @Pépvandn Figure 17C. The molar ratio of

N-ggjeimida-phenyloulyraie RO E,(@M%QQPEW@&%J@%%@MM antibody
Avanti Polar Lipids (Alabaster, AL). The KEK(%KKKlS- (HKK (HoKCg.. .
(SECFRTIS 2y 58piilis WASTRRIURACTUt By Styrfta- ORESS el sensitization
Wood|ahesydXin Cals LinesdndtT uheefatosid KeMiGrha? nel snowpraisal to cells
ling MRAMBeAIR:WaRIGUEEEE Mdameyad Mabl {IMBEM) supplemented

1t e ; .
(20lyth 10% heatynactivated FBS, 2 In,M L-glutamine. and 201 ta/ml. eaeh 5. 103
g penicilliit. strépfomyein, and neomyein. was purchased from

M etiy CEEPP (i Erp sSSP apip h Bresmertests BunaAs eaicamined. Figure 18 shows
ingredients sreie abtaisediremsBiofidd s RogkuidecMD). Grepasaiompied to free
Tﬂ%ﬁ@%‘—’élﬂggl 3(53?’1%59&8&?81%&% seeded in a 96-well plate and transfected afier 24
hours with LipA-HoKC only, free GMC-5-193 and TfRscFv/LipA-HoKC/GMC-5-193
complex. The concentration of GMC-5-193 was 2 uM per well. The molar ratio of
GMC-5-193 to LipA-HoKC in complex was 1:1. The ratio of single-chain antibody
fragment to liposome in each complex was 1:30 (w:w). After 24 hours, CDDP was added
in increasing concentrations from 0.4 pM ~200 pM. The XTT assays were performed 48
hours after CDDP treatmient to assess the degree of sensitization to CDDP. Each point is the
mean of triplicate samples + standard deviation. ICsy values are the drug concentration
yielding 50% growth inhibition. UT = untransfected. An increase in sensitization by the
complexed GMC-5-193 over free GMC-5-193 was observed, reducing the ICs, value from
42 to 20 pM. The fold sensitization of the complex was 2.6, once again double that of free
GMC-5-193. Thus, the results from all of the above in vitro experiments support the
observation that GMC-5-193 complexed with the targeted liposome, both TfRscFv/LipA
and TIRScFv/LipA-HoKC, sensitizes cancer cells more effectively to conventional

chemotherapeutics than when delivered as free GMC-5-193 as 1s currently used in the art.



10225]Cationic liposomal formulation LipA (DOTAP: DOPE
WOQ%%QQPE ata 1:1 to 1:2 molar ratio) were prepared Hé'ﬂgs%%mu 407
ethanol injection method as described herein. The concentration is 2mNL1.
TIRsoFV/LipA/YK-3-250 complexes were prepared as follows: After 10
minutes incubation, suitably at room temperature, with rotation or stirring
of a mixture of LipA and TfRscEv (ratio of TfRscry to LipA, 1:1 to 1:40
(wt/wt), more suitably 1:10 to 1:30 wt/wt), the YK-3-250 at the appropriate
concentration was added, mixed by inversion or stirring and incubated for
te(‘sdrgggjﬁfm .at room temperature. The molar ratio of YK-3-250
|posome was 652:7 to 14 7, more suitably 2:7 to 8:7, most
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The formazan absorbance, which correlates to the number of living cells,

was measured at 450 rim using a microplate reader (Molecular Devices,

Menlo Park, CA). The ICso yielding 50% growth inhibition was

interpolated from the graph of the log of drug concentration versus the

fraction of surviving cells. WO 2007/1012781P /US2007/011.107 - 66 -

Results



In Vitro Optimization of the Molar Ratio of TfRscFv/LipNYK-3-250

weMplex 592281 The TfRsay/LipAfYK-3-250 complex was, praRaked:d;

the molar ratio of the small molecule to liposome of the

TrRseFV/LipA/YK-3-250 complex was optimized. The cell killing effect of

coMplexed and free YK-3-250 at different ratios of YK-3-250 to LipA on

IVIDA-MB-435 cancer cells was conmpared. The ratio of TfRscThe to LipA

was 1:1 to 1:40 (wt/wt), more suitably 1:10 to 1:30 (wt/wt). 5.5 x 103

celisiyiellow/erreseadre jreanIb:vvelt platesandtiseated rafieri24hhourdewdtthan in the

Tflt§eF¥S/rIﬁ|p{A/% :3:2R0:C0mRlexesykiRA 98ly or free YK-3-250. The XTT

as ays were performed 48 hours after treatment to assess cytotoxicity,

and the 1050 values (the drug concentration yielding 50% growth
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campglexed YK-3-250 in comparison with cells treated with free YK-3-250,
or free LipA, reducing the IC50 values from >304nlvf to 16 rild, down to 8

nM at t gja/r Ggfgrig 250 to liposome 'of 7:7. 02291Figure 23 B
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evéntudioeitdeathe T028544Mmativike: Mesyarerhasdel dhreitetwnctoiper!] the tissues.
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con nuously an as een a roved for the treafment of patients with KIT
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at%%@%ﬁé%ﬂg@a?ﬁ%i% QB&E&%LIJY&Qf%mﬁéﬁi@@%ﬁbbly appearance of the normal lung
tissue). In addition, very low background signal was observed in the normal liver of the
mouse treated with the complexed GMC-5-193, again demonstrating tumor specificity.
These results show that tumor specific uptake of GMC-5-193 after systemic administration
is enhanced when GMC-5-193 is incorporated into the TfRscFv/LipA complex.



102321Because protein kinases play a critical role in cellular signal
wangseugtian cascades, and thus are directly involved in magry,cisease s o7
including cancer, kinase inhibitors have become the focus for
development of a new class of anti-cancer therapeutics. Currently more
than 30 other kinase inhibitors in clinical trials. Imatinib Mesylate can also
be utilized in the treatment of numerdus other cancers, especially those
that demonstrate abnormal activity of tyrosine kinases shown to be
t@gagememmjmib{blﬁsyta{&jnmading PDGF receptors alpha and beta
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MD). Preparation of 27ffisc L| t|n|b esyla
v A R e R T G Ly
DOPE or DDAB:DOPE ata 1:1to 1:2 molar ratio) were prepared using
the ethanol injection method as described throughout. TfRscFv/LipA/
Imatinib Mcsylate complexes were prepared as follows. After 10 minutes
incubation with rotation or stirring at room temperature of a mixture of LipA
and TfRseFy (ratio of TfitscFy to LipA, 1:1 to 1:40 (wt/wt), more suitably
1:10 to 1:30 wt/wt), the Imatinib Mesylate at the appropriate concentration
was added mixed by inversion or stirring at room temperature and
incubated for 10 minutes. For animal injection, dextrose or sucrose was
added to each sample to a final concentration of 1% to 20%, more suitably
5-10%. The molar ratio of Imatinib Mesylate to Liposome was from 0.2:7
to 14:7, more suitably 2:7 to 8:7, most suitably 7:7. The sizes of the
complexes were determined by dynamic light scattering at 25C with a
ZETASIZER(r) 3000115 system (Malvern, United Kingdom).



WO 2907/142781P CT/U S200 7/01 407 - 69 - In Vitro Cell Viability with
the LifisgByiLipil/lmatinib Mesylate complex (0236)For in Viirq exteioxiGiLy,
studies, 2.5 to 5.5 x 103 cells/well in 100 pL of the appropriate growth
medium of each cell line were plated in a 96-well plate. After 24 hours, the
cells were washed with serum-free medium, overlaid with 100 jai of
TfRscFv/LipA/Tmatinib Mcsylate corfiplex or free Imatinib Mesylate in
serum-free medium in increasing concentrations, incubated for 4-6 hours,
suitably BfieunsSawag then supplemented with FBS. The cells were then
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ortiress lmatielib Ne8ydageowrsl 5146 Boied BRI e SIPAR, Tieudsindglsigred twice
4-G S0 Su kbl b HowecanssthamdRBfivvas edskedmeacks weling/Re, while all

cells were incubated for an gdditignal 24-72 hours, suitably 19 hours,, . ... ¢
fofiowed by thléoasasditigﬁrgf\tgg rgg‘r%pﬁatleczl&péﬁ%meh% medium with or —_*

withBEEHE et PR AT s PPN By B MG TohS JaiamansatiBhs  CODF
cosiduad fosi ppipcoximadeha4-id2theurembaitalfiuvig hoerstabbre (Figure 21B). In
chemptherapgutic.drnigsHseanersdexibici Redfersldahsc Betdorder -omc)

OH), daocetaxel (Taxotere; Aventis Phar icals, Bridgewater, N,J), . .
mi?(‘ixgﬁ%rs(%ﬁéwm%m%} rggmﬁcr%%%(@gééézgfﬂ%gw&) ,%‘l'épéﬁﬁlatm also
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sess the degree of sensitization to the chemotherapeutics, WO

2087 EAZPEIRTT AIS SO YL BRI GGG TS5 VARRSEIG BRRACEaIpd mice or
wergcealeutatedioldisensilipatonqiHlstiéXolowirgedCsoth or without HoKC)

UnfransieRLcad %g&%%m@&&%{ MR FAICACYpMEIRS 1023RMAHRGNt effect

melanoma cells B16/110 (I x105) suspended in_PBS were injecte .
of the small molecule thera(peutic. E?eavgg caspase-3 was detectedjas ongy a weak band in

or

the serum of mice that received CDDP alone. Most significanily, mice treated with the
combination of the complexed GMC-5-193 (TfRscFv/LipA/GMC-5-193 or
TfRscFv/LipA-HoKC/GMC-5-193) plus CDDP showed a high level of cleaved caspase-3,

indicating enhancement of programmed cell death by the combination therapy.



intravenously into the tail vein of C57111L/6 mice. Four days later the
wiceearrying B16/F10 tumors were intravenously injected piithtrRe7 011407
Imatinib Mesylate; CDDP only or TfRseFV/LipA/ Imatinib Mesylate in
combination with CDDP at a dose of 0.5 mg/kg Imatinib Mesylate.
Injection occurred three times a week to at total of 9 injections. The molar
ratio of Imatinib Mesylate to LipA in €@aeh complex was 7 to 7. The ratio of
single-chain antibody fragment to liposome in each complex was 1:30
(wabnssertain groups also received CDDP only. CDDP was given as twice

{0214 eekly 'Bi§ Pﬁ@&lé%’%’f@a@l& fotalof QSM{@WﬁM@@K&QES showed an
reatment, the mice were sacrificed, the lungs w,lgé%ggqﬁe%yﬁ)&fgg%}s or
WA in 1058 16HXIdehyd8 and pHserved'in 7098 stRandl before ~
beitrg atagraphiet/ RSk CompeplsorinfOmpapsetated ety braged with free
I r@ﬁ%@—'?— figs [0 21%91 H@nﬁtmem-@f 1biRsoky/kiphdbnaatinin  increased

Mesylate (GLEEVECQb5 compared to that of free Imatinib Mesylate t.
(GOREGHEE BHER ST et el g e MR U perapeuti

hegein.irCbofbeal Huresn prosuiad &acEMEIP g (D1reas)Erdend 2k w by
aRgrsshvBan Mmelanenia eathpre MM BaBmh g tre BNB), suid3a(Figures 19A
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infatini esflll%lte to |?)A In each complex was 7 to 7. The ratio of 3
SIRBACCHAR? artiBRISY friadfiferfOrBP ETRbsBife #7iackeesth pT’éB?\ch?s?elzw C-5-193.
(WiRrdgraginibiMeSNETesWAS dissalvivdbiasedtiver PIY 1SiBeoran Waenghag the cells
d%ﬁl&ﬁﬁﬂﬁ‘%&il%@%%@hé@ﬁ&@%ﬂi@ &Q&ﬂ&?%ﬁ%&'@mﬁea’ted with free
complex delivered |matlﬂlb Mes Iatewresggee%nda regtler mzém §c§%|g than in the
in%’éi}?éeﬁhﬁil%@e‘és (‘:’8?ﬁ°f)c§re°§ tofree fma‘fgni Rﬁes;_r/llate when
disstivienin BitharoBRISOSrWfer 624 0pSthiidagndich prihferatiy clovated
cellaRigked4R) faslinie Mesylateneliverad GRithe dipasame complex
j0214)2d @ sigyfica g{g%&?%%%%@%%&%&?ﬁck Wfﬁ!&i» g%‘ Aelivared-Rofiegn; thus the

rm. There wa old improvement with TIRseFv/LipA/imatinib

Mesyieresovaharaekmalpninie e oYRE R IRETRERP G SR PaLpR R gR  cancer
of srhethen Glreves WasdiMiC-2067 1a42T8 kRGPS B0 T BMefOTy-Tiie subsequent

d isrégela\x/s%qr!& %tﬂﬁcQMéQomﬂﬁé% eAENt SXPRIMER wﬂiﬁg effect. For this
Gleevec that had been dissolved in wajer 10%41%}\{\%590@161%2%0&19{5@3 93 was
or FFRLSEUANTA UYIFHISHF RGNS MR SyREe 15e

-Gleevec) was
compauiecdin B16/F10 mouse melanoma cells a similar 3 fold increase in

po216¢! Kilingywith thessekGlearrmeyakthatisitbiffem Gleaiaonas abIaivadvB 435
(Fi%uggx%f}u ?éin, a significant increase in sensitization was observed in the cells treated with
the complexed GMC-5-193 compared with cells treated with free GMC-5-193 (Figures
15A-15B). These sensitization results were dramatically different from the results of
normal human lung fibroblasts IMR-90 under the same conditions, in which GMC-5-13,
cither free or complexed had virtually no effect (Figures 16A-16B). Increased fold
difference between the ICsy values in cancer cells were observed when the cells were
treated with the complexed GMC-5-193 in comparison with the cells treated with the free
GMC-5-193. These findings indicate that TfRscFv targets and efficiently delivers the
complex to the cancer cells to increase the cytotoxicity, but not to normal cells,
demonstrating combination therapy with complexed GMC-5-193 can increase the

therapeutic index. Similar chemosensitization of DU145 human prostate cancer cells to



Chemosensitization by TffiscFv/LIM/Imatinib Mesylate (set -Gleevee)

[P842& Tiheability of Imatinib Mcsylate, delivered either 'fre@cq@fodaor/011407
liposome complex (scL- GLEEVEC/), to sensitize tumor cells (human and
mouse) to first line chemotherapeutic agents was also assessed by XTT

assay. Human melanoma cell line MDA-MB-435 was treated with 20 plvl

or 30uM free or complexed Imatinib‘l\%SyIate followed by addition of

increasing doses of Taxotere. The molar ratio of Imatinib Mesylate to LipA

in CAENHCEEMPISPFHAST €O urshAatid B difgfeldhssirciirabonypfiBgmert fetastatic
lipasaRwisleaah colspleX MIAR L:3A16w 210) {418 Bhanviidni g ecBbAeRl teeated with

20pM cm%t@?ﬂ}@ﬁﬁéﬂfgf concentration there is an almost 50 fold increase
In response to the chemotherapeutic agent. when Imatinib Mesytate is

021 FjiveredBY HiSoSBTHE cHRIPISR L ST REVRE YU SHIpSFbdie observation that
adannistensd asdpeecdmaiihihdtegplatdiphbthis sos@ifteachmatingis more effectively
Mesyiatedossinet <8 W&%&QQS}I& TateLe Mose QR HIRSS - 193

021 ependent increase in chemosertsitization was observed. At 30uM
021§ atinib MBS AT A e N AT MBS E S E e 4N 4B sto &g 403 after
folelystentitizatidminkrdrptisponseNiih lipd4BmECHInHISMIG RIS Mesylatel fRscFv/
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a dramatic increase in the level of sensitivity to chemotherapeutic agent
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minor those with the urga,n tumor cells. The comparison of the effect on
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coRipieirss F 480 Rpd Vinthoeesp pf deprsferamisirass tisech as DFF45 or ICAD).

TIRsefwitd pd/ imatinshiviesytate gadeplex (SobmbEmME Gitat fucleosomal fragments

concentrdtion of 20uM resulted'in a two fold increase in sensitization as

compared to free Imatinib Mesylate (Figure 28A). Here again at an

Imatinib Mesylate concentration of 30ulVI, the level of sensitization to

CDDP was so strong that only -10% of the cells survived at the lowest

Imatinib Mesylate dose (Figure 28B). [0246)Similar experiments were

performed to compare the sensitization of B16/F10 cells



to another chemotherapeutic agent, Dacarbazine (DTIC), by free or
GRMBiexedgdmatinib Mesylate. The molar ratio of hnatinib late o HpA

in each complex was 7 to 7. The ratio of single-chain antibody fragment to

lip osome in each complex was 1:30 (w:w). Here also, in addition to a

dose dependent enhancement of sensitization with TfRscFy/LipA/Imatinib
Mesylate, which is not seen with the éee small molecule, there was also

an increase in fold sensitization with increasing incubation time after
transteciipheforeaiding thetehe matiérapatia agentdfiygore RRAWGtDIpoptosis
AELRLnS Delbaten al anlmar Bl MEsYIAIs aoneatltalion Ol hiottred as o

the eomplexed Imatinib Mcsylate resulted in a 2.1 f0ld increase In
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Thisdgbiblecrioediz? 10l#inerdatk kP sehsitizalion dy Ehe gedniplels afftiis cleaved

'”\4 %9998@{#1@“{@@&&9@%@ Mesylats F@Q&Q%E@Ggﬁﬂ%@“ of the
[l molecule was incre sed to 20uIVI(§ﬁugﬁre 298) t the longer

[()22]”1 Cub ati 0'1”1%??&%. % Sﬁ‘? & tﬂé‘ﬁ’i{é?% E}lvery (8] he anticancer small molecule
200YIC42 YB3 RGH7 L&SB@@B?VO Thaer7 reg@lts sehmsitiziion MR Eivetargets the cationic

Tfisaldavd-igfydmaty Q(Mﬁﬁw@(lema&mmaf%i@(ﬁ@@tuﬁﬁﬁi@@léw OSYIALRA in vivo

(conpeniration e Louias &/, (919 Cidure 200), Whlle At ABOOUS IR 8 ooy o,

concentration 8?62% e response was so rea 0 1STobtana

(FHjsre2 oBficritis %i@%@% AWedbR éifée%YﬁAﬂPﬁ? ﬁﬁJﬁPﬁh@’i‘E}ﬂ%‘r eawbésapeunc

angsti) with aushemathetapestio dggntstee tdetiveraadcheiiicand of the

small molecule Imatinib Niesylate is enhanced when it is encapsulated in

the complex of this invention. hnatinib Mesylate [0247]The tumor cell

specific nature of the ligand/liposome/Imatinib Mesylate induced

chemosensitization is shown in Eig@@2!8d A and B. Normal

(non-cancerous) skin fibroblast cells (11500) were transfected-as above

with LipA only, free linatinib Mesylate and TERscFv/LlpAllmatlnlb ‘

Mesy@q@eﬁ&ﬁ@ﬁ@%t@ﬂﬁonm&mﬂm Mcaeume pfiﬁﬁ@?tﬂe)

addition of cl@sathesapeltimagenip MbaenborSithige3eag or

taxotere (Figure 30B). The molar ratio -of Imatinib Mesylate to LipA in each
[o22gpMplex wasmpiové. heeitatiar-ofsingleahaiantiotihasayefagmentito small molecule

“p?%f’@‘%é& F aﬁ&?ﬁ?{‘&?&?& M&ﬁp%‘\seoc%wguﬁq)b%%e{ &'ﬂé n{))osomal complex

S|gn|f|cant increase In sensitization to the chemotherape IC agents was

obSBRREEMRIE SHVLRIBLE T & it DR SHhd TANGHIER that BRIE hiRfofgmplex,
>160myimipfor mitoxanpoaevetiteed@onivl fos Tt exptiie Vi BifiEag)ycad also be
the £ RcFard RAERAED @4\5@&&@@&9 Me%nESRANe Rk LHMe" Gfﬁ@agtﬁoxc may

In itign 1 2481 6/F e me cells,.su

R e o e A e e o St aRa S perzation
days teplare e Eéﬁ&ﬁn‘@’%@?@l%ﬁ&’ﬁn%‘tﬁ%ﬁgééWé?égﬁifeb’f’@éfvﬂ?ﬁs due to
eitbier gisplatins (&R p asdy ofidapl racdind debyilatarfice. High levels of expression of
TIRSCE, Aﬂ&‘}/&&%@&&%&%@ A dSkke %&W&Mﬁ&lﬁ&ﬁ&@%ﬂ”@fwbut not

with eisplatin. The molar ratio of linatinib Mesylate to A, In each

comm\%}&%f?&&fﬁﬂﬁéﬁh&aﬁs‘?ﬁm&%w ai’r’iﬁki&lf?tﬁ‘éb‘iﬁ@r‘& B this Example, a
lipdiposeirreaphecofpiexesas ib30twwhnTiveimickereesiiednttueptor single chain

injepHonsA wegk.elfreedmatingMesuale QhsGLe L EEYRGE SANREHat, viro
0.5 mg Imatlnlg eﬁ%late/mouse/lé %;&%r}t?%total of 9 injections. CDDP
wakdd; YGRS e SRR & TP B e 34 total of 6 injections. After 3
weeks of treatment, the mice were humanely euthanized and the lungs
were excised and photographed. 102491 As shown in Figure 31, there
was a significant inhibition of tumor cell growth in the lungs of the mice
that received the combination of TIRSeFv/Lipa/ linatinib Mesylate plus
CDDP compared to those from the animals that received single agent
treatment. Thus, this WO 2007/142781PCIAI52007,1011407 - 74 -
supports the use of the ligand/liposome/sinall molecule complex of this
invention as an anticancer agent, particularly when used in combination
with chemotherapeutic agents.



CONCLUSIONS 102501Imatinib Mesylate has been approved for treating

RatigMa with Philadelphia chromosome-positive (Ph+) Chrpric Vyelaid 1o
Leukemia (CML) and for patients with KIT (CD117) positive unrese,ctable

and/or metastatic malignant Gastrointestinal Stromal Tumors (GIST). It

has been shown in vitro to inhibit a number of tyrosine kinases, including

Bcr-Abl, c-KIT and PDGF receptors af’p4ha and beta. Thus, the drug has

potential for the treatment of other cancers that express these kinases, In

thd Q@ LG UWEH T8 demonstrated that the effectiveness of Imatinib
[022Mlesylate i iRthecipg3ttnnontiogindeatiuin hreasheprosaiaand pPRMSBAMGsphatidyl

Ca@&ﬁf&aﬂﬂ%n@ﬁ@ﬁiﬂg BQQ'VMB%ﬂﬁ?dB %%‘Qg‘t h% e%@%?#g&l)@l’ﬁ) were

agent atically im roved when de ivered tot ec

tar%urfe g 2’83%‘6(‘1 nipPi%eSokhe reddnt ihe HEBHEDEESE] - KDKKC
re%b&&&ﬂ@r@@aﬂé Phetdb ilitys o ahigavtardooniiex-GegoealyThe Woodlands,
incrggse the efficacy of Imatinib Mesylate. Example 13 Preparation and
Characterization of Small Molecule (Erlotinib (TARCEVAgp)
Comprising-Immunoliposomes by Simple Mixing 102511 TARCEVA(r)

(Erlotinib CbhEtset fReltSe. San Francisco CA) is a Human Epiderrnal

[022@rowth FistonReceptombypeciiEpidauma Grewty R@&t@ﬁﬂﬁ'&?ﬁﬁo{mfpmved MEM

(H itar. n se.is one o
faggﬁ jfmgc% M%IQQ gﬁ?ﬁéﬁ%ﬁ% siigr{ngal;”\;lali ;‘%\i Dan e eahuns ca’mc%rssO hg/mL.

[05%%‘} é’%‘BFd ’r‘Pnéi‘ ISRAYF Pt RecEpior EMRMsracomhsrehfiemAdediaTech

HERetnderarVépidedtht grimitivdictoltrecepidn) sighalingdpatiwaeyte TdRained from
pathvy Copaists pkatdpast four cellular receptors: EGFPIJHER1, HER2,
HERS, and HP,R4. Approximately Il different factors are known to bind

and activate these receptors in certain patterns. The HER signaling
pathifPsypiay <alydisiviieorndr76¢ detiolot cell growth, proliferation,

[0225/0 200123314&?813@%%&31@&&4@%A@@W@@@E%%W%@6EE atal:1to
Precessas, Skch3s eqlin tls air, and maintenance of the
skin. In add|t|on5]to %%Pg F%a c%nt‘(r% in O?P rORTR SR otgr%%a Sc% Cripgt herein. The
HERPSIINARRE FatiNdy hEsgadd %ozﬁ%\fé’la@@(ﬁﬁum prpRacedas follows:
thé\§rovith nprolife ratidrmtiong satidly andsuivivap efaaaaceithaliation or stirring of a

102931EGFB R0 Qn@@ﬁ(s@?ﬂl?ﬁ%ﬁ@ @ithe H%%gQW?U@Q W@Xl), more suitably

Int?rﬂ'ﬂ mla.’;g %%Xme YK-3-250 at the appropriate concentration was added, mixed by
inversion or stirring and incubated for 10 minutes, preferably at room temperature. The
molar ratio of YK-3-250 to Liposome was from 0.2:7 to 14:7, more suitably 2:7 to 8:7,
most suitably 7:7. The sizes of the complexes were determined by dynamic light scattering
at 25°C with a ZETASIZER® 3000HS system (Malvern, United Kingdorri).

Preparation of TfRscFv/Lip4-HoKC/YK-3-250 Complexes

{0226} Cationic liposomal formulation and LipA-MPB (DOTAP: DOPE: MPB-DOPE or
DDAB:DOPE:MPB-DOPE at a 1:1:0.1to 1:2:0.1 molar ratios) can be prepared using the
ethanol injection method. The LipA-HoKC liposome are then prepared using the coupling
reaction between the cationic liposomes carrying the maleimide group and the
peptide-carrying terminal cysteine group as previously described herein. An aliquot of

0.1 mmol of the peptide with a free thiol group on cystetne is added to 2 mmol of



and tightly regulated manner to regulate cell growth. Alterations in the
amauntiezractivity of HER family members may cause or spppor:theori4o7
inappropriate cell growth that leads to proliferation, migration, and survival

of cancer cells. Because the signaling pathway works as a cascade that
amplifies the growth signal at each step, small changes in the amount or

activity of EGER may significantly drive the development, or progression,

of cancer. by pramoati o) nd metastasis (cell migration) and
inh%ﬁ%%wgﬁo&z@s pr%%grg%ém c%ﬁ)dsé)é‘fﬂf.nﬁﬁlgiﬁ%ﬁhqﬂ/? EXRSFafeStigiayre for 2
hateuhoWHahESHETE sigRaittylen impbrbant regulpidr ofmennaicellofan.4 mM.
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November 2004, the U.S. Food and Drug Administration (FDA) approved
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TAWFE%%%/%?(%“ regt%%% %ﬁgg ﬁltrsg ,-rrlégs0 'eg?ﬁ/eer’lf/?l\l/\?ﬁc SR PRLEIFIgnie grange formazan
pe‘%éiﬁ’rt‘és?fﬁéﬁ'éﬁt’s’aig&mm#@l efnbitnageHs Phwstomarial. bbetance, which
haeer et inftequentidepdivingfetious ntarstitipd 1450 Risaase MDIJIKE reader
e fdheludingfatalifies, i tients receiving TARCEVA(r) for treatment
o:‘/ﬁﬂéCLlC, P ncréf%i?éﬁﬁecgﬁ)% %r fgifaiﬁg"ga“ ébl;) |ogt§/g"?§r§r (iﬁv‘tt{ﬁénmmon was
NSETRO &G 18Ry BI5ERR WhE reRISHUR DI IS eBes e efion afsurviving
((S¥ercent) and were equally distributed between treatment arms.

[02551In November 2005, the FDA approved TARCEVAv (100 mg) in
combination with gemcitabine chemotherapy for the treatment of locally
advanced, inoperable or metastatic pancreatic cancer in patients who

have not received previous chemotherapy. In the Phase Ill study in

pancreatic cancer, the most common adverse events reported were

fatigue, rash, nausea, anorexia and diarrhea Rash was reported in 69

percent of patients who received TARCEVA(r) plus gemcitabine:and in 30
percent of patients who received .gemcitabine plus placebo. Diarrhea was
reported’ in 48 percent of patients who received Tareeva plus gemcitabine

and in 36 percent of patients who received gemcitabine plus placebo.

Rash and diarrhea each resulted in dose reductions in two percent of

patients, and resulted in study discontinuation in up to one percent of

patients who received TARCEVA(r) plus gemcitabine_ In addition, severe

and potential fatal adverse events included interstitial lung disease-like
comnlicatinne mvnecardial infarectinn or icchamia carehrovacerilar



minimum essential medium with Earls salts (EMEM) supplemented with
1082oW@2200E142781PCUUS21107/011407 - 77 - heat-ingctinated fatab-
bovine serum (FBS), 2mM L-glutamine, and 50 iig/mL each of penicillin,
streptomycin, and neomycin_ The human melanoma cell line
MDA4MB-435 and human pancreatic cancer cell line PANC-1 were
cultured in improved MEM (IMEM) s&pplemented with 10%
heat-inactivated PBS, 2 triM L-glutamine, and 50 jtg/mL each of penicillin,
stiep@itsycin, and neomycin. Nonnal (non-cancerous) skin fibroblast cell

ling, QWS auBI ekie BD/AEN.sYpplEmePied WAty KraMsSathiplex
ryuvate, 1mM Non-essent iNo aci lus 10% heat inactivated fetal
{022%0\””6 S rll?fm%ﬁ% %‘E%}g a“r%?ngeB and 5 _)ﬁg\ﬁ?ﬁf{a& gﬁegfaﬁgan%é?llfﬁ?gr_m?o of the
strepabmsaaulariel rssprye Rt EVIEMaR A dvoRkstd oMby e eptimized. The
(Hesndanny égeanek tumpthasicall eutirE mediaaniingnetie oo MEKe3-250 to LipA
Obt%'?@g%.ﬁg luids (Regkvile M), Riepaation of THSCEVIPApA was 1:1 to
|

IEMOt RCEVAQ) Complexes 102581Cationic Iiﬁqgsomal formulation

gAY R DPRGPEDAR-BOPE SYED1 112 HoRFIFLHEY WaFeseeded in a
preyoawet] psiguidereshanglinjzttiomnvethotids HedanbEdRicl fgheuplexes, LipA
TIR SR HRAHEROKYD-BBplexas R R aeRkas fallsatiitahBnent to assess

minutes incubation wjth rotation, or stirring at room temperat fa s

B A e R A S PR LE e Pkt A tatdghivition)

morerssitiivlptad 1o thagartrpiatine ERlbH EVtRer s pRipYEsté3 A shows the ICs

COoRaratratinmwagRdds ehnixedbyninrer 20thoraie ket domratio of YXK-3-250 to

tepeiat s AL obAIBIOL AADIRICo h AN IR RN AOHLORA with the

or sucrose was added to each sample to a final concentration of 1% to .
2096 S ikabiy 5. TD9RPRESATOTAI T SALS SFRtB it &5°ei S Ssaimawas™ee Lips.
frorddcing thel K27, mabres SuitalHy@Mo@: 18 mdsdswitatsly8 R Théhsirmdapfratio of

- theygemplexgsiwsis.Hgiermined by dynamic light scattering.at 25C. with a
. ZETASIZER(r) 3000HS system (Malvern, United Kingdom). In Vitro ,
10229 ability wit ﬁezlszls?‘(:ﬁ\}}%_WBAfEﬁBfﬂﬁ%q EBmplex O%%_f[ﬁfbo'r%ir;iﬁ\ﬁ ro\%@&SO and

cyt®BridityIgnidies > 5 b Eshx Y6 ce/wenmr10oni MBr Y igroptite using a
groyathamediumigfceach colhbng WensAplatiethin&i86oweli7pledoAdteivatbnt to 1:1).

hours, the.cell S It .serum- i laid wi

L D T il th fre

metftith mqﬁev&aﬂﬂgc%ﬁéeﬁ%réﬂgrfgﬁﬁm&é&f?swﬂeﬁfom& SBft&BREex of this

hounsgatiehthen supplemented with PBS. The cells were then incubated

for an additional 24-72 hours, suitably 48 hours at 37C in a humidified

atmosphere containing 5% COZ.ﬁgﬁﬁyﬁrqgme wells were washed with

rmEm without phenol red and the cell-viability XTT-based assay was

performed according to the WO 2007/112781NitUS2007/011407 - 78 -

manufacturer's protocol (Boehringer M%nn%m Indianaaolis IN). In th

pre%’{ﬁ?@é’%?%aawwﬁﬁm?ga% m Mg{;&imﬁ matinib Mesylate

3'4 1_(ﬁﬁé@%\%_%%m%mg—lmmunohposomes by Simple Mixing

4-tetrazoliuml-bis(4-methoxy-6-nitro)benzene sulfonate is converted into
[02Hhnge foifidZanthy dBRsiRSyMeadktn DR tHitRREMATEEMAfP ey East Hanover,

Thepraezasgbisosranee, STHchicorr elatestiordhicruivb erxefit i ingnde lgnsduction

was_ r [ | i iferation o
R e T e

inteRBrEEe ol REl MY B Sy S0 LY Ehr i SHRPRL R TRSRIGE fgeine Kinases,

fraction of surviving cells.



In Vitro Chernasensitization (0260IFor the chcmosensitization study,
25280514203 cells/well in 100 idL, were seeded in a 96-welbplats:0dften 24
hours, the cells were washed with serum-free medium, overlaid with 100
tL of TfRseFv/LipA/Erlotinib complex or free Brlotinib at 3 to 8p1VI
Erlotinib, incubated for 4-6 hours, suitably 5 hours, and then FBS was
added to each well. The cells were ifiéubated for an additional 24-72
hours, suitably19 hours, followed by theaddition of the appropriate. . .
SUpPHEC e GTErH HEh B G P EHE AR &Pt SH Th g g in e
copeeniraiinnsnantdacdiation continued for approximately 24-72 hours,

[OZSﬂ?itably ﬁa@&%riﬁé%&{%hﬁég%%@ﬂg%ctgf@Q%H@&E’vW%%QQ@%@(@Le activity of
(Tmcotere; Aventis harmaceutlcals,sgiégj{ggwater,.NJl)ﬁSnaltoxantr%ne

(NSVARITREIRERS iTfThFix v 1SWatietRy dRd"Gemiiaping ~enels cells o
(GIddZARGyiE doitirandsGandibdidrrapefipiNed b Wretmephed pasieats with KIT
PeEIMmef IRGSREShibe dogeaRlsensiizalian inaligahe Rethenapeautic s romal

and IC50 values of each cell were calcylated. Fold.sensitization B
thé Yﬁlﬂf%ﬁ%.s%gorﬁ%ﬁ\é%gfé%teeg@f&‘sg%g%ﬁ%oﬁ?&é&gggs%ﬂ%e THRAG of et
Coynpamisionasé-Encapsulated and Free Erlotinib (TARCEV" [02611The
jo23fiffectivenrss.ef fivaaRidhipAsfagiatinitice] ARGE be)c sippanethdduthiphahscades,
g LIRNA (REBCENABLE MRk Al YaR ARsRESER YA I AN o have

(as escribed erein) in a human prostate cancer cell line (DU14@1&FigUée "
3o s A s R dSYR IR e ot TiTE TBTNE 2D (BTG EPe BTE ARG s Curenty
humiae melkiDobecatitine HNBDAsMB A&} Ridalse Ja@YinithMasplate regip alse be
of Eﬁ%ﬁ%@@&%ﬁ%@rﬁ)&ﬁ%@%}g QARb ng;e{exayg@%ftg Thokhenatinabnstrate
single-chain anfibody fragment to lipesome, in each com :30se. includin
(BT (AR LA RS ARG 0 LAty ncludin
FiiPETB 2 ep WO R 00 i8R T IS otthAye Paey ey ragiig R Y these drugs
D13145:saihwithiiposameicosiplex delieiathBbriatnin(TARE bytdesdultedopoictic
~in a greater than 5 f Idii crea edn, iling.assomnaraddefies wheling around
%Ws%%ggff pa Jn.eellkiling.assPmnaaddR fiRR Whelling aro

Erfothf 4 621Similarly, in"human pancreatic cancer cells, )

(Figsreys2as P EhSHrT ¢ AR Watitig: A FLC TR RS SOMIR B SIHRTEX R 8 PH™
a sigatiematipgreaied efisict oR edibkill thamewtidn déffeptrotomldfriradfgamsignificant
Th %&%@!@é&ﬁt qmﬁte;llp ({QAQtWH‘i@ mﬁmv\é@g?, TiRssRvdLien/EstotialR toxicities is
(TA:RC:EVA over free small molecfu%Heﬁ. éOZGe?ﬂtwgeg mg&g ctoffreeor  ore
THGRRIEGR SRR RIS ERSND (TARCEV (s Tarcev a) was. ,

corigaifduin Mathansprefatonfereerstin bmaiB-43BpraspooRFiitrdaksifd heren

cellkilling withethepsclaibABRCRMA() oenthatiwith-fieeniastipveomesof the present
observed gFigllére 2C.

inventio action 1)r1 human breast, prostate and pancreatic cancer models.

Materials and Methods

[0233] 1,2-Dioeoyl-3—'trimethylammonium propane (DOTAP), dioleolylphosphatidyl
ethanolamine (DOPE), and N-maleimido-phenylbutyrate DOPE (MPB-DOPE) were
purchased from Avanti Polar Lipids (Alabaster, AL).



Chemosensilization by TfRscFy/LipA/Erlotinib 6-cL-TARCEV" 102641The
el ofertotinib (TARCEVAC(N)), delivered either 'free’ or wa lipesamea 1407
complex (seL-TARCEVA(I)), to sensitize tumor cells to:first line
chemotherapeutic agents was also assessed by XTT assay. Human
prostate cell line D1J145 was treated with 3.751tM or 7.5pM free or
cornplexed -Erlotinib (TARCEVA foltéwed by addition of increasing doses
of Mitoxantrone. The molar ratio of Erlotinib (TARCEVA(r)) to LipA in each
cosnplexsves Tadurqequivalent to 1:1). The ratio of single-chain antibody

[0234)TRIMERY, 0} %R%Oggél‘sm@fmmpl%\mlmmmimsmima@ma cell
33A, at a 3.75uM Erlotinib (TARCEV", concentrati t
R RS T S B s i s HALaH 19,8 AR dolcction

(TARCTE VA@ssis.déivefdd gy mm%maé&lfﬁpwwnglsmedmm with
Cﬁ@ﬂ%‘é‘?@ @@W&WQ%&&J@%;EYWI%M%M%& fesd ErlotinizdoesFBS),

not sensitize the cells p §) ol{(agglomem(ggqﬁgvg;?tg%@,gG%Q,gr,\ggmycm B16/F10

%egln Rarfdeensitization was observed, but only when ErIoHnlb éDNIEM}
not a

(TA’R@EW&#))G\%%) emoeralgRs (e MBI PG LS 2T S
fragFsiatinia @ﬂm%\mmmasummmmmms% 8 gL cach of

sensitiza t'%@ %{W 1 e Hoﬁmmﬁﬁ&@dwmummm-@s and

sgLn‘FA EVA rthan t free Erl
(W@%@ﬁ@&f’é‘%%éf 1%%r#)tra %heven at t?ns ﬁfflgher[aogg%?g EM (IMEMD

Eﬁl@tﬂmmemmﬁm)hhadmtm BRSe Y JoskE g ifeand 50 pg/ml cach of
Hf@ir‘ﬁr%ﬁgﬁ rﬁn&-@@@%ﬁlmll&ﬂ&ﬂﬁl i anntetanpskincibtoblast cell line

A0 SOU CEAR YA NI Y0 LI S, 1
c&?ﬁg?ex (“cL at 3 L t.1\01 enhanced the resgonse WO

2007 IR B FOINIS 2007 /01EA 0P Loa=bs RS Leigdo SFakoterasy Spm 2mM
fotdgﬁtgmee%ﬁ)w e peEHblinibHIARDEMAGY) trerevaiso EMEM was

- there WaS (? %R@B?&{QH&&?@A%WM%M&@% ﬁ@h%&ﬂmgredlents
srﬁmif ecufn t:[7 5uM the level of seniltlzatlon was so strong that an

|C§@98R§é‘%‘?9tﬁ@‘ﬁ(ﬁ’ﬁg‘ﬂgféﬁﬂﬁlfgﬂ it e TfRseFv/LipA/Erlotinib
(TARCEVA(r)) complex (scL-TARCEVA(r)") (Figure 34Bj, but the fold

sepsifization WP@I@%OM@@@mwbzﬁ(e,ﬁmaamﬁtmbaﬂm fold. In
contrast there was on im to t 9:0f 2 141 to
19233 otinib ((:f‘}i‘f‘-?lﬂg% ﬁamﬁlgﬂ%ﬁ%ac cé%?ﬁa?%gggmﬁ? hout.
sirlglevche FRERH TP TRRGTFFRTIRG 0B iINES LA CBRNE R WIEE RS throughon
(Wit d02661T e affesthaédipas eareptomplestaetbperydofsEipltitiniy After 10 minutes
(TAR%Et}{)A(«\)&h @é%%ooﬁmﬂ 13dm BARPAE gatiGERNeEs CEIh Andid TfRscFv
AW& He molar ratio of Imatlrrlb “Xz to Li J" pbqacplﬁopqgl% Wz%t) the
7 tﬁa?‘OﬂfeTlfgﬁﬁFder}d%AcHa]m 2tibo g gm“’é%r ipegome in each
compleXtWEYBE: (W Aswm@@ibs@w‘ifﬁtthé WFeP‘ié?ﬁo’?‘E@]‘Ps byhdpgersion or
Wag g ég‘g}@&'ﬁ ReIsasen dneilrvehel sensitiibnies chemathea iapetitio, dextrose or

agent G NIZARd(?% C cacgltabln ItICA) hen Erotnib (TARGEYAGS) WaR suitably

deﬁ\‘/%fPé"a Vg i€ TipsaSitié Eomplex of the present invention

(sd_JD%RGE\mC(PFgW@%)hWPWB Mot & ARCS DI B AL 44 1P 147> more

mcgg@;“t@yla herespakse afitfANCGL t0HEaineitabihe withplipesovesclstapnined by
d Erlotm T CEV r {ul I i@h¥m, United

of \/\?ﬁ’ﬁfrﬁ(és Peésn%mm in cI(Srn(lzcgf{ %glls:ﬁ\;vﬁ‘g?g‘%i é@éﬁé\%%(%pﬂ wkgg

fouRthedsmd enhance the effect of standard chemotherapeutics, such a

dramatic effect on response to standard chernotherapeutics is highly

unexpected. [0267)Thus, here again as -with the other small molecules in

the previous examples, we have shown in multiple tumor cell types and

with various chemotherapeutic agents that the delivery and efficacy of the

small molecule Erlotinib is enhanced when it is encapsulated in the

complex of this invention. 102681The tumor cell specific nature of the

ligand/liposome/Erlotinib (TARCEVAM induced chemosensitization is

shown in Figures 36 A-C. Normal (non-cancerous) skin fibroblast cells

(I-1500) were transfected as above with LipA only, free Erlotinib

(TARCEVA(r) alone) and TfRscFv/LipA/Erlotinib (TARCEV" (scL-

TARCEV" (at a concentration of 7.5uM) prior to the addition of

chemotherapeutic agents Mitoxantrone (Figure 36A), taxotere (Figure
2612\ nr Carncitahine (CENMZAla) (Eictire R2AG0Y The molar ratio nf



WO 2007/142781PCDUS2007/011407 - 81 - experiments no significant

iPeraas$e: Nggensitization to the chemotherapeutic agents w, {5%8?2%%%?9407

All ICso values were in the same range as that of the contr

102691Thus, here again as with the other small molecules in the previous

examples, we have shown in multiple tumor cell types and with various

chemotherapeutic agents that the defivery and efficacy of the small

molecule Erlotinib is enhanced when it is encapsulated in the complex of

thisimvention i ExanmpleriPreparatiopsn:Charaetelizationpfsmall
[oz3gpolecule, Sunitinib ) %%é%uI@Je}"})&&Wﬁ'%tngommﬂﬁ%om@spﬁyof the

imple Mixing 162701 The majorlty of cancers, mcludlz%renalc

coveiABHAte GRO) ARd MRS SRoketib g SRRIpaMHERA Sl Pla ft fig it hours,
migatiens owstberabingr malitiesstnumitipletsidivalingopatiavaywitas 100 ul of
OPRORSCHY &xw%él9f%§dc5%&{}@§t0€x0rfl%bnﬁhhéﬁii&y MBS$Re in serum-free

changes| ultimately enable the jprpeesse |t|c Cancer rowth and
|rféﬁﬁig‘émé%I?Wﬁ%%?’ﬁ?‘ﬁfﬁ%’sﬁﬁ%é’%teﬁnsoern§|§V|%}l % f]‘?lowt]}‘fvX E wtsdrand then
sigpalspevasiovitof FpSg Eimmets cedrel dath fapbptodisyr mm@@%ﬁhééﬁ\?ehours
g%ﬁ ' 4§@?@H‘£S%mi%qnﬁ§ﬂ&' fﬁﬂ@ﬁiﬁ%&l' | dl'fas/&%i&mﬁk@b syatasiagiferward, the
* Sunitinib malate an oral multi-kinase inhjhitor

B A N VAo sﬁsbg/%?ra S?ece E[’}E)rnrllllnases %%olvgg‘fﬁgﬁmésnmbasw assay
GYBY grevelpherrsSHRINniD ma@(@@mwr)mmﬂbﬁ@aﬂw%aﬁ@m
alidgnawpbRE) GR)ane G breeeeptoss, auhidkdpiay-eonplinin lo@tt\emrrﬁiif?'éellsodlmn

prolifer glelelslyt (LR IBi H-kinsneA2Lad sulfonate
thée)rg&:))& 1tiloglrg)l/ri:a::rl]ljilit][g)rrlleou éy mﬁb?tsgga]éﬂ \%éé@ﬁ%ﬁ%gc iy Honat

SHFERY P e GRERJerRARRhRIOTINE Sty By Irﬁ%ttlngoﬁ’é@ f tiving cells.
retepforsomparioshescandhithGriddepte th onuarts tdiitnestdlinwas measured at

pf@%'ﬂiﬁ%ﬁg%ﬁ%ﬁ;{%&&@& @ISl 138&5%E,I§tlli(ﬁ)dmdﬂgmw M@ ICs, yielding
[essio n innioited a S an elas rogr n
prgc(i’n%% gﬁﬁgﬂ.ﬁse& dsfrom the ﬁ Ici% %E Sﬁl%g]concentraﬁo

therefore in b Smu tiple S|gnallng
pattrareyae r“wamgfuﬁuavwa&a@ﬂﬁan antiproliferative and antiangiogenic
effect. [9271] SUTENT(r) is indicated for the treatment-of gastrointestinal
strom): I t%’r]} G'S,t?z%ft(% disease progression on or intolerance to

Sens
imatini me%/ ate, and for the treatment of advanced renal cell carcinoma

[0237RCC). ApravaPfat SRR R s raset o pHrNF S ol e fatige seeded in
andoduvatiarizd. raspoAddeuThre cals nerandemizediy ot B9 TENTE) overlaid

WQ&%@&&%@%&&FW&WQ&S}&E complex or free Imatinib Mesylate at 15

to 30 uM Imatinib Mesylate, incubated for 4-6 hours, suitably 5 hours, and then FBS was

added to each well. The cells were incubated for an additional 24-72 hours, suitably 19
hours, followed by the addition of the appropriate supplemented medium with or without
chemotherapeutics in increasing concentrations, and incubation continued for
approximately 24-72 hours, suitably 48 hours. The chemotherapeutic drugs used were
doxorubicin (Bedford Labs, Bedford, OH), docetaxel (Taxotere; Aventis Pharmaceuticals,
Bridgewater, NJ), mitoxantrone (NOVANTRONE®, Immunex Corp., Seattle WA),
cisplatin (CDDP; Bedford Labs, Bedford, OH), gemcitabine (GEMZAR®, Eli Lilly and
Co., Indianapolis IN) and Dacarbazine (DTIC) (Mayne Pharmaceuticals, Paramus NJ). The

XTT assays were performed to assess the degree of sensitization to the chemotherapeutics,



demonstrating clinical benefit such as increased survival or improvement

Wwodiseaserdelated symptoms in RCC. Materials and MethoglSr/uszee7/011407

[0272]1,2-Dioeoyl-3-trimethylammonium propane (DOTAP),

dioleolylphosph dyl ethanolamine (DOPE), and

N-maleimido-phenylbutyrate DOPE (IVLP13-DOPE) were purchased from

Avanti Polar Lipids (Alabaster, AL). C&lI'Lines and Culture [0273]The

human prostate cancer cell line DU145 (HTB-81) was obtained from the

ArfediEan Tipes clififfe ChireeisaltaTce HodressuigaNon) cpuls 4\ fpdlo wing: 1Cso

culisteesk iBckagte mirintuimgssential medium with Earls salts (EMEM)

supplemented with 10% heat-inactivated fetal bovine serum (FBS), 2mM

lutatnine, and 50 jighnL each of penicillin, streptomycin, and neomycin.

T I’{mﬁéﬁﬁ‘fé}’aﬁﬁfgﬁ%f cell line MDA-M13-435 and human pancreatic
[023g8ANcer caldine RN hwerti CURLEA on (NPoVeduMEMAMEMBS were injected

supplesaesigy With 3% healingstvand RESe FAM el Bming. a0t 5Qarrying

tig/mL each of penicillin, streptomycin, and neomycin. Normal hartati Iu]nD% only o
T

f bﬁ}lﬁﬂpﬁ\‘i‘ﬁs LRI YIRS r*}PB?‘ﬁd ARy (e ARAEDAM fethiEmeD
DeffRaeeAtiNatiominibsitetsstofipeattiviBetresdt MIDPRvere detturscDif me/ke

EMEMsuRalagaste vl Qe lipat-inastivatad: RB& @ inlvblrJotatiie®ions. The
0 1 mx'V' nonessgntial. amino :’f‘%'ed% 'L”é'ﬂ %Qdé“”r‘N yruvate,and, 50 %’ﬂse ratio of
S

penlcol streptomy in, and neomycin_ al (non-cancerou
skﬁﬁ“@b‘?’é’&f’&%t%l‘l’ﬂﬁé fRsEenlyigs RRAoFae iR EAIE meaifme‘fﬁédtée Withv). Certain
tiNr&aaiuno peyeivateCIide Bion-eSsbRtabagiing acidscplusckOymhedbns at 2mg/kg
m%@/&i&%@@ﬁﬁ)&\ﬁ@&sef{ﬁ@ 2 L utaming. and A0-pe/ml seathga the lungs

penicillin, streptomycin, and neomycin. EMEM was purchased fro .

Me‘&‘fé%%?ﬁﬁé‘?ﬁ%ﬁ%}”&ﬁcﬁﬁ?g BrH87 ?:E‘rf%ﬁf&ﬁlé‘/?ﬁé’&%péﬁsﬁmd in 70% ethanol

indrefierns et tisraiied. from Bioftuids (Rockville; MD);:Preparation of

71KseFv/LipA / Sunitinib malate (SUTENDS) Complexes. 102741 Cationic -

lip on?al formulation LIpA (DOTAP: DOPE or DDAB:DOPE ata 1:1 to 1: 2

mo afurailo) were prepared using the &thanol injection method as

de S tArcU it aes TReS e A TpR Bt 4walate (SUT.ENTgfY)
[0238pmplexemweredpiepased afaliBwsipiftendithibinutesincahaiormethcompared to

rOtRHIeRQf SUEHNGH A IR IR BERIAS®) & NXIHEG O 1 %sazﬂ;ge;rsfzﬁ%ﬁ?ycn assay
(ratio of TfRscPy to | |pA 1:1 to 1:40 (wt/wt), more suitably 1:10 to 1

WEDBSFRRADREIBEFTROIp A PR RgE3te ehoshrlt)nhEPSl ﬁﬁ?r%%w& 4t anda
(SWutEN Ty lante: apib fopr A& doMeeABRGhewss 4Bt eddnixedsoynelanoma cell line
INVEIsNRof shiking @at@momhteﬂwemuaeomﬂmﬂawmwmé &meﬁuteeach complex
For anmalinﬁctl%nl t{r(xj %a§nu%9§ % addeqt Leaé%rr]ngqmga& co lex was
flnavﬂ' concentratlon o c§20/o more suit aal 6% e m011 arratio o

Suhidfi 6%‘&}ate1(§’c.}’|"ﬁ3 NM&SVR‘)‘@L |H6§d?hséq}\)’§§ fiBnFihe: 78Q: Prpipravater.  As
Suitablyrdtatal 14 Figne st sAlitatlymént. oF el Size s el thishchpopderesowmerex delivered

determingd Ry Ayamigdght scatteripg at 23GitD 8. L5 T A1 ZERas compared to

30001-1S system (Malvern, United Kingdom). In Vitro Cell Viability with the
Tﬂ&Eﬂm_"?b‘ﬂ|’§ﬁfﬁ§ﬁfb“fﬁ5‘fa‘il§sféﬁ‘?’é1\ﬁ‘iﬂ§e&8r‘}4& \or water.

[0240] Similarly, in human melanoma cells, (Figure 24B) Imatinib Mesylate delivered via
the liposome complex had a significantly greater effect on cell kill than when delivered in
‘free’ form. There was a 3 fold improvement with TfRscFv/LipA/Imatinib Mesylate over

free small molecule. The results were identical irrespective of whether Gleevec was



102751 For in vitro eytotoxicity studies, 2.5 to 3.5 x 103 cells/well in 100
Rio Yfthe Appropriate growth medium of each cell line were,plgted jin & 1407
96-well plate. After 24 hours, the cells were washed with serum-free
medium, overlaid with 100 1.1.L of TfilscFv/LipA/Sunitinib malate
(SUTENT) complex or free Sunitinib malate (SUTENT@) in serum-free
medium in increasing concentrations? iheubated for 4-6 hours, suitably 5
hours, and then supplemented with FI3S. The cells were then incubated
fox@poddditionalc? 4r TR S ks tabiy 8 o atrBFE Ul mdiiddifiedghat had been
atosphere.centaining 5% CO2. Afterward the wells were Washed wvith
[IVIEM wijthout [i)hen %red a}mii the ceI {413/ :% base
10246 rformelf At orting e the anufactur 8 Protoed
M &swhhEhawvisdl ierregeotigarid jn /B (HE wmm@wéﬁ%@ﬁmihéow increase in
re@eRtuNg tisdbior 3Eik(RbMMamIN@iaaReYiblde was observed (Figure 24C).
4-tetrazoliumjbis(4-methoxy-6-nitro)benzene sulfonate is converted into
orange formazan by dehydmgenase in the mitochondria of living cells.
TheHemerszatizasorbaRde cimtdrdéorrstate Mo heasrhtfeledrapling cells,
[624WyaS Measheambiat ¥l bO minitiingeayiier apintersdadde{ Melecolaipdeass complex
Menlp PKefon e lQ%@ﬁ#%nq\ﬁM grometh dnhibiionWaSouse) to first line

intérpolated from the graph of the log of drug concentration versus the

BB BRA RS TR DR RSN LGSR TE BefgRoma ool line
chemosanBidaations stuelyd 7348 3D DedlisiMefrén ¢00opipiverd weadat Mesylate

in ?oﬁgvygﬁli)P & OlEF 1géh.tli@hl{§d$§€s Q@W&%V@g}ﬁgé‘y HRiSSMMaMES Mesylate
medium, overlaid with OO tiL 0 ;Tf chE}/‘/L A|Su %n&\ alate.
a

(SOTERA IR €?’r‘e"é"assunlttln ma AP ARGy fragment to
Sulipthsitoon il ses SOMEX W3S 1 bxiea- fd?‘MS@M@UFSF@ﬁ‘aWSHhéQ@?M Imatinib
angdrthenk Bewas-addeditereach welkihhricalls wareinsehatad fafspbnse to the
WO 200 11, 12781 PCT/ 011407 additional 24-72 hours

UL B O e e B A ST oo mpi -
sulPIERERted: rﬁ@ammaxﬁw%@mﬂbﬁeaﬁ‘eﬁaﬁe%e s redbirifs dose free
coneantiatpbnrsyatddnsuatienstaatihted forapproxirmatelipR4+E2 hows dependent

suifably, 48:Houis, JRE-GRameeraBs Hic drugs: Uart Mals:HeCRIaXRhte, while free

(Taxotere Aventis Pharmaceuticals, Bridgewater, NJ), mitoxantrone
REPASIEYH SHRWRE AR 2REETE P& R R ea genioREmsiggse with liposome
(G EdaAR GnEiinitl Yy arydaC oy 4ndiadapoiisc] Mt Thd Gt Tahsseygddverebe determined
per(fprénedz@assess the degree of sensitization to the chemotherapeurtics,
[0 d 1050§/ all‘]ﬁ? unCha%egr\(l)vs%E %%l‘fé“&ﬁ?ﬂ 4§Pl%a m%btlﬁgﬂtg%%l‘%red by the

e followmg transfected/lgP o each complex. Results’In Vitro

Opﬁaﬂm}ewww NRster R &Y EETIRE B/ ArhannsAibhmrsitense of the cells to
(S Mﬁﬂﬁt@ﬁmemlﬁw7@Téﬂ&mﬁuﬂdWMImbImalﬁﬁe (BdHHER T Bere also
complex was Py argsd and the ti i Ule 10 . 4 wi R
Llprggomgagf%he fRSeFVILI fk\/g&%ﬂ% R: JQ[% TEN ?:%mg %)x waé1 tth th
optmgvfﬁwmamhd\ﬁféa%%ame%& dES nﬁﬁﬂbr‘?r%ffgte The molar
(SUTEINF(naitaiffarantkatos DipBunitathraiaie:{ Skdd EMTA e ipid 6Nsingle-chain
DU 14 R34manarast &%@@9@@9&#%@&9@5@%@@ (T ratio of

TfRscPv to LIpA was 1: cells/well were seeded in a

[024.well p|Qﬁéeaffa%resil@asaﬁ@r%ﬂ%&emﬁwﬁgaﬁ\w&b%mmba‘SO assessed in
matate{s bihENA RS aomple dsie ANEES- BUtitimilolan adéiteofSTEEEN Ti9jylate to LipA
The XL LAsSAyRWere perormed AadeptsaiterisAIMBRLOMSSESS o liposome in
cytotoxicity, and the IC50 values (the drug concentration yielding 50%
growth inhibition) were calculated from the concentration-cell viability
curve. Figure 37 shows the ICso values for each ratio. At the range of the
molar ratio of Sunitinib malate (SUTENT(r)) to Liposome of 3:7-7:7, a
decrease in the 1050 values were observed in cells treated with the
complexed Sunitinib malate (SIJTENT(r)) in comparison with cells treated
with free Sunitinib rnalate (SUTENTw). Comparison of Encapsulated and
Free Sunitinib malate (SUTENTr) [02781The effectiveness of
TfRscFv/LipAJSunitinib malate (SUTENT,) compared to that

a%%ib Mesylate



of free Sunitinib malate (SUTENTa) on cell survival was assessed via XTT
Assaniassgscribed herein) in a human prostate cancer cell-ingstRYdAR,

(Figure 38A), and a human pancreatic cancer cell line (PANC-1) (Figure

38B), The molar ratio of Sunitinib malate WO

2007/14PCT/US2007/011407 - 85 - (SUTENT(r)) to LipA in each complex

was 7 to 7 (equivalent to 1:1). The rafi-of single-chain antibody fragment

to liposome in each complex was 1:30 (w:w). As demonstrated in Figure

BSApHeMmENNaISDUMﬁ:EéIImmmwﬁmmple&me#m@rwlsuﬁim lyas a dose
%ﬂ(éua-ﬁg Niargsutteshinassignificantiin %E@%iﬂ\ﬁi@‘ | dil Eﬂ&ﬁﬁhex -apeutic agent

‘;3% "’"e" R LR o BB S At (B OREKdy e e flposome
demmwmathherbp@swmmréx ﬁédi'é\éﬁj}n |6E1ﬁﬂye@rb‘é1@}déi’ﬁee®b‘%9 uM, there

cell kil thanayher dglivared issfsas: iapaaidere wamadsialhip IR fomplex

with TfltscEv/Li A/Sunlt nlb mala 1 mall cu
c%ﬁ%@&&%ﬁ?ﬁ%ﬁ%ﬁ‘b %/?funl Kﬁgn%?a}fe %éﬁ ?‘Lef W avove,
[ommaﬁsm;abfesmmh@mmeesmm irBy eﬁ\/é?@‘ﬁaéﬁtﬁé?l%éfaéﬁe with the

Vi RasmeraRRIeK: (ﬁ%&ek@%h&@)y@l&ww M@%ﬁguﬁ,w first line

emoth eu nts was also assessey
th the by
[“2“?%? Ianom%rhceﬁs?nev'a%%\rﬁgs Wé)én taré%te Wlth 2. Sﬂ)s 1 or %Simseq#eet e human
or beneplegdel SdmitntsRaaTseE (SO TENTEYYoIRWSABPattitiBAton by free and
incrersiry/ Upsemaltifinxeiendathempidar satioiSimiTwatadeown to be dose and

(SUTENE Mgénk'%tﬂnmcae% ARl WASHAD LuRAUYAHENARAkL TR®DP and

ratio of single-chain antibod ment to lippsome. in each comp lex was

R o P P 45,0 AT RS BTSN Rl D corlex vas 7
(SWTIENT} caicentiaglorthorenis naatfehemt8 ddiddpureaisechsresperise was 1:30
:ZO @@\Qf am%@;ﬂﬁ@e ng_il@g%ﬂ_?gl whemdealingsed Q%S@Hﬁ&ﬂﬁa (IQEH}EN Léﬁzplcx (scL-
ipaso ex (sc compared t inistered as f

A R (ORI oy L AT R N EERe 1 el
chemoserdity teimmisibhepyktoRigrs dsithiot R A (S B e NTR (743 Mesylate
delpspredndadher nrihipthofdhisdnuentintidi b UNbSBRtinH r@i@iehat only ~10% of

(SYTENT) J0&:leyel k%S@Wﬂmmemmgg%%ﬂrg%ywue could

not e reached however it was estimated that the level of sensitization of

(924000 A MB I Bt PeEk5 EFEF ARE RS RRTRRS 68 SO ERFPA HAG/F10 oets
ovep 306thett-higlathethaentivat iy deeSulritinid WEIELE PSUTENTeayplexed Imatinib

(Fi%éeyﬁ@el%h&%%ﬂé%m’I&wglhmpwwﬁgﬁnﬁ%aeus@wm&)v to 7. The
Sunitinib malate SUTE T livere the liposome com lex (s

SUIIZERI‘Fm) 65‘: ?\Wen Jﬁ;ona, e r(gépo e o? the celis to I\ﬁﬁoxantrg(')oniew W). Here
by 8400 fbld adﬁgwe 46) cémpared tistredesunfimnraaieie (SUTERpppfion  with
wharmbla«mwammlmmlmmmﬁfechm Bemsitizationtbfttheiprostate molecule, there

Canlv‘%g! gl %ﬁg&@&‘%’?&ﬁ‘%&ﬂ%&%@%ﬂ%Iﬁégsmg%E&Q&@ogft&guﬁ@ﬁmsfecnon
mali;[t%r(e achidmg thc)a chemotherapeutic agent (Figure 29A to D). After 24 hours incubation, at

an Imatinib Mesylate concentration of 15uM, the complexed Imatinib Mesylate resulted in
a 2.1 fold increase in response to DTIC as compared to free Imatinib Mesylate (Figure
29A). This doubled to a 4.2 fold increase in sensitization by the complex of this invention
over the free Imatinib Mesylate when the concentration of the small molecule was

increased to 20uM (Figure 29B). At the longer incubation time (48 hours), the increase in



WO 2007/142781PCT/US2007/011407 - 6 - LipA in each complex was 7

(,9 5 E{ e ratio of single-chain antibody fragment to liposome.in
ccg)m?) (Ja?x4was 1:30 (w:w). 102821The effect of liposome 02}1)1[)1@)% Z(Qeﬁ)/]e]r"1 y’

of Sunitinib malate (SUTEN'144) was also assessed in human pancreatic
cancer cell line PANC-1. The molar ratio of Sunitinib malate (SUTEN-14;)
to LipA in each complex was 7 to 7. 7Bhe ratio of single-chain antibody
fragment to liposome in each complex was 1:30 (w:w). As was observed

i@énﬁt%%twr?ﬁ’rtﬁ@f'}'ﬁﬂiﬁtﬁ*@/ﬂ@ﬁ@xdﬁ&ﬂlﬁﬂ@é@%@@s%iﬂcﬁh@fiﬁue{cDﬁee Imatinib
sensitivity to che othera age apln
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Was ‘delive osome complex 0
ppesmm@m@@@éﬁhes@wmwmg@ém? %@ts@%(tj’l&ﬂlﬂﬂ\)é?é’f"\;@ge&%m Thus,
akpesidaifokt i m@éiﬁﬁdﬂ ﬁhﬁxﬁiﬁﬁﬂ@ﬂﬁﬁo@ﬁ:ﬁ%ﬁzﬁm @ameitéhinehemotherapeutic

@%&%’é W't Posom ate%éﬁqnm; @Mﬂl%ﬁ@%@&%@ when

seen Wlt unltlnl SUT ENr). 102831 Thetumor cell
sp‘é&%%&l?@%f%@emﬁi’?ﬂm}ﬁ%@#ﬁ@%Wﬁﬁlﬁ?ﬁ%ﬁ?@f%‘?@NT(r))
[0247iInduced Thennse bditizstidicisiahown iheFigeanddlidba (& Jremthip3Mesyite induced

%(E%s&%?%&i&f?%O%@vélgﬁxf'i?@g@%l&efksaﬂé@O) N@{ﬁaﬂr@{bﬁ%ﬁ@&é® skin
cve Wi IPA O ree sunitinin, Mma e

RSB SA RLEETRARRE SE E R (oot @% Ak Fadanio Mesytat
condeTiRatBr LA Swatisin Mpphioe toh< SERIGHOD GHentomeripsgrcof 20uM)
a%@&&M&E@)ﬁ%ﬂﬂ@ﬂ%fE@#ﬁetﬂaéaeﬁamt@m(E@mﬁe&&) OFigesmitapiraaxotere
gf B eagccﬁgure 42Gho (t}ehm 36 fﬁfé%{?iéwmk halate 4&&&1;5%95 7 t0 7.

h'com ex was 7 to 7. The ratio of single-chain antibody

fré"@%@ﬁ?t@&iﬁ%di%@ﬂﬁ@&%ﬂ%mt%gpfmﬁﬁa% Qipplox was 1:30 (w:w).

chemgtheraRe Wi RIS WeFE-ORSELEHANLESR HalUaSIVeERdithe1 00ng/m! for

same range as that of the controls. [0284]Similar results were observed
wHERFEYREP AR P ARG RBrBIREES (11VICR-90) cells were transfe,cted
as above with LipA only, free Sunitinib malate (SUTENT) alone and:

TIRs¢RY LB?N@“H}“%”@@J@F@UEEME(&))L(S%sﬁuz'!éE&b%)léa.t &nhanced Tumor
co ceng{rﬁtlgn 0of 2.5 n_M) prior to the addition of chemotherapeutic agents
Mitoxantrone (‘Ifolgure 43A), taxotere (Figure 43B) or Gerncitabine

[024§GEMZAWES) (BitftiFa U 3egusehansiararyaties bt SR shatate’BS were injected
(SidiFRAIE})tantip A dntsackiconmpisIBIde TMed.. Ahe rétio tftsingle-chiedncarrying

arkgP@/%YJ%QQ‘&%EQJ&QQ%&%%%SE&@@'MQFE&I%%%( wg%@%@w) daglke tmatinib

X |mnn|n|f|n|nr |n n
€ ents ng s a cre Se e % Ef t(lﬁJ E_g,) com? %1§comb1natxon

8%?1@%%@1‘?8 Wéar% S fi'tcso values ére'in

sam@rzas@@t;as'fhamlmea@gmfd;gatw&esylate to LipA. in each complex was 7 to 7.
20914142 BARGIIISAN B L4 68 nBa 0285 TS iR esenagaiplasweith :30 (w:w).
th%}?etr}r%%g %@éﬁ&@&’ I%%gelqgjzia@tgggs%rg/\él&uéf %@rﬂﬁlﬁﬁﬁw&:ﬂesylate or scL- GLEEVEC®
complex at 0.5 mg Imatinib Mesylate/mouse/injection to a total of 9 injections. CDDP was
i.p. twice a week at a dose of 2 mg/kg to a total of 6 injections. After 3 weeks of treatment,

the mice were humanely euthanized and the Jungs were excised and photographed.
[0249] As shown in Figure 31, there was a significant inhibition of tumor cell growth in the
lungs of the mice that received the combination of TfRScFv/Lipa/ Imatinib Mesylate plus

CDDP compared to those from the animals that received single agent treatment. Thus, this



have shown in multiple tumor cell types and with various

Ghesneibgrgpeutic agents that the delivery and efficacy of thesmalh1/011407

molecule Sunitinib malate (SUTENT(') is enhanced when it is

encapsulated in the complex of this invention. Since the three tumor types

shown in this example to be significantly more sensitized to Sunitinib

malate (STITENT') when complexed@4as described in this invention, as

compared to free Sunitinib rnalate (SU | ENT') are not tumor types in

whighothernsasefdhissmahongleciie/hasibeendouaddogblexusful inisaion as an

unex ected fing g 0 ADALIPREINNOE GUSFBARRAG SANEILIRHISA] g@(ﬁa ;%zms
xamaﬂ B*Préparation and Characterization of Small Molecule (Geftin

(IRESSAOQ)) Comprising-Irnmunoliposomes by Simple Mixing
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[ozsor”OW“ FnunRRdgENA greudh,fagt &ﬁt A OforxyrQ%ﬂﬁé('Bﬁﬁﬁts with Philadelphia

EGER-TICT, inhibitors, to gain mar roval a rrently licensed

RS R B ORI B A G R v KT
CAGRLHIES wositdwideniviaasidellsndivl megs@aménw@nhawt@e@mmbﬁmml
thei,sufregsifor @pmrmh%ﬂa\ﬁh facior 4B6 hihdproteimbaatds essnallkinases,

prod ed hy t omot sth rq nd t

Ch SR SR A SRR A REMAE DGR e
cé@é@ﬁ%ﬁﬁ@ﬁ@&%ﬁéﬁkﬁ%@%%%wg&l Jhﬂﬁ?nsm‘é‘es we have
cellsndngtasiaatdnase-triggetacshentioalipiotdssastithatiohusesthenoeks]! death (in
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arlﬁxh@ﬁ&'&%@hﬁb%@lw SsefitinibnvasRevesdainadrdads mdaycat 200 Imatinib:
Gefitin b is used alone (monotherapy) for the treatment of patients with a
certam %ype of lung cancer, i.e non-small cell lung cancer (NSCLC),
102871 Approvals were based on two phase Il trials, IDEAL 'and 2,
which showed IRESSA to be an effective treatment for many patients with
previously-treated advanced NSE L fippraximately 50% of patients in
the IDEAL trials achieved tumor shrinkage or stabilization of their tumor
and the drug was found to be generally well tolerated with the WO
2007/ 42781P 1S2007/0 1197 r
P BT MR SR nos e e g e
Interstitial Lung IEa%easg( unﬁ anOrSnay Q{:ute ih onsetaﬁ s been
observed in patients receiving IRESSA, and some cases have been fatal.
Patients with concurrent idiopathic pulmonary fibrosis/interstitial
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patients who had never smoked. In addition, exploratory analyses of

biomarker data from ISEL have suggested that high EGER gene copy

number is a strong predictor of benefit with IRESSA(r) in pre-treated

advanced NSCLC. 102891Following-the announcement of the ISEL dat,
AstraZeneca voluntarily withdrew



the European submission-for IRESSA(r) and regulatory authorities in the

WA snd-Sanada limited the use of IRESSA(r) to those pafigptssalieator
experiencing benefit from the drug. In the Asia Pacific region, due to the

molecular differences in lung cancer, IR_ESSA(r) has become an

established therapy for pre-treated advanced NSCLC and use of the drug

in the first-line advanced setting is nowbbeing studied in a large phase
pan-Asian trial known as the WASS study. [0290]From the ISEL results,
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AnpepioahrBy selC udtardIC olid ctivet A B C (danassasionA jerdU ibBwiag  apoptosis
cu w@@djmﬁag&mwump m@&m@ BaoeknneaMitls Rarlssalls &L%Me@ﬂz) signaling, an
SUE’IR'e'Rer{ted Wath 1076 heat EL agtivated fetaxleb%‘{'”sea%&r}a’@d(m 2rri
utarnine, and 50 nemie each of peniciin pLOMycin. and oH’?eé?avanety
Th@f e i é@m&mﬁm}wﬁ&s&s %@%WBF@&&%@T@MWC agents
celdine MDA MB:2 3 diedlslipgewenet citiusacn o fmpIaNRGAMEY), (MEM)ne EGFR,

SURRlemES INACIA DGR ARCMAISEERS. RN gltamine, and 50

/mL each of enlg)l lin, streptomycin, and neotnycin. EMEM was

192581 rchase 4R Vit g%?ﬁ?ﬁ‘érﬁﬁéﬂ“@‘Af%dﬁﬁé“&ﬁh‘@P%ll%Mﬁé of the HERI
metimading inghedientsive teeoliaineaRy BiofiuidsoRodkedlie, tABR). Erlotinib is a

PrepatationahinfiscFulidpA /Geftinib (IRERRAC) Camplexes N-(3-ethynylphenyl)-
6,7-bis(2-methoxyethoxy)-4-quinazolinamine. TARCEVA® contains erlotinib as the
hydrochloride salt. Erlotinib inhibits the intracellular phosphorylation of tyrosine kinase
associated with the epidermal growth factor receptor (EGFR). Specificity of inhibition with
regard to other tyrosine kinase receptors has not been fully characterized. EGFR is
expressed on the cell surface of normal cells and cancer cells. In November 2004, the U.S.
Food and Drug Administration (FDA) approved TARCEVA® (150 mg) for the treatment of
.patients with locally advanced or metastatic non-small cell lung cancer (NSCLC) after
failure of at least one prior chemotherapy regimen. Results from two multicenter,
placebo-controlled, randomized Phase I1I trials conducted in first-line patients with locally
advanced or metastatic NSCLC showed no clinical benefit with the concurrent
administration of TARCEVA® with platinum-based chemotherapy, and its use is not
recommended in that setting. In this regard, the increase in sensitization to various
chemotherapeutic agents in multiple tumor cell lines by Erlotinib (TARCEVA®) through

the method of this invention, i.e. complexing the small molecule with the tumor targeting



[02941Cationic liposornal formulation LipA (DOTAP: DOPE or
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injection method as described throughout. Tifisclly/LipAkieflin

complexes were prepared as follows. After 10 minutes incubation with

rotation or stirring at room temperature of a mixture of LipA and TfRsay

(ratio of TfltscPy to LipA, 1:1 to 1:40-(Wi/wt), more suitably 1:10 to 1:30

wt/wt), Geftinib KESS" at the appropriate concentration, was added mixed
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incypated for an additional 24-72 hours, suitably 72 hours at 37C in

hucllrrttljgtfleﬁ alprfar%csrﬁiaﬁnecrcéagﬁeﬁftalrﬁmogd}m@B?“ i\‘rYSFﬁra%ﬁ“f‘ﬁé%réoréf%faﬂgue rash,
waRHsewaEP IR E NG dirstiephBad reas aendtted eliSvimbity XTatbasesiho received
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ringer,Mannheim, In oli n sence.of an .

el e%:?tar%r? gco%paz\rhg revé:g);S nt, X1 Cf%l 31 ?p RS- Esp oy g eva plus

T A-tBTFRGEIRIRAS éfﬁf?f?@?rﬂ‘?&%@n‘zéﬁé%%ﬁaﬁeﬁsxt?@mﬁeﬂe&i fiffiesbo. Rash
oramgeifaninazewibycsetydiogenaseinihe mitoahpadeda of pamnehtelUsd resulted in
ThefaymazanARsasRance, Whish cgerreﬁt% {,%trh%tp wﬁg%c%‘ﬁégd NG,GE8Y A® plus

was mea%ired at 450 urn using a miereplate reader (Molecular Devices,

MR BRRP TR IRE T 0 e g BOYAL i d Y RB iy uaguded interstitial lung
intefprsieetdidifrenmpifratiran o thedioh ivfadriopconsetratipneversusdhdar accident,
frasH@ %ﬁﬂr&mgiww@nmﬂﬁr&%mﬁqwmwg ey dsels dhe who received
eﬁf\e iZ Stuﬂsz 5-3.5x 103 cells/well in 100were seeded in a

96 -well p ate er 24 ours, the cells were washed with serum-free
medium, overlaid with 100 ith of TfRseliv/LipA/Geftinib (IRESSAO0);
comiplexias ireer&eihidib (IRESSAS) at 8 to 15pM Geftinib (IRESSMO),

[o2sH]cu batedrf@rﬁ}o@o@wenﬁwﬁ@mm&rm ihen EJ%%)Q@S agldpd ly??hénﬁ})hatrdyl

eac weII The c% were incubated for an a drtronal 24-7 hours suita

19 FIORNRBINSAE i BA SR T oS8 %@%@%W“DOPE) were

mWWdWQFNﬁMQtRﬁHM?@rQ@@hMS‘JMreasmg concentrations,

and incubation continued for approximately 24-72 hours, suitably 48

ho he che erapeutic drugs used were docetaxel (Taxotere;

Av'(lel“rrrsﬂls Bﬁarm%%z?? cals Bridgewater, NJ), and mitoxantrone
[025@“ovantrdﬁéa(r‘)“’lfr\%ﬁwBﬁé%@d@c%é?ﬁléIW,@UTﬁé T TEaBEnysawebgrined from the

pedeneral T gsseasRaBagEaeafASEDS itixzraii&@am m_daemaega&m@sm Eagle
an gﬁér%a'egéanar)%%eoce“ we %C%&H&ai 'tgg}g) Ne9uals i 10%

thet owrng IC50 untransfected/IC50 each co plex.
2007/142781PCT/US2007/011407 - 91 - Results'



In Vitro Optimization of the Molar Ratio of TifiscFv/Lip44/Geftinib

(w ESSAClO) Complex [0297] The TfRscFv/LipA/Geftinib (TRESS A

co%f))l(g%%as prepared and the molar ratio of the small mol & 8%)07/01 407
liposome of the TfRscFV/LipA/G eftinib (IRESSAO) complex was

optimized. The cell killing effect of conaplexed and free Geftinib

(IRESSAQ) at different ratios of Geftintty {(RESSAO) to LipA on

MDA-MF1-231 human breast cancer cells was compared. The ratio of
Tfllsekyrtetivpdvisal RO {vetiati3 FBOS Qauxsm@gmmgegﬁdm flg/mL cach of
o6yl plai AR IBRIRGANRL A Douss D LS S%Efg’é%PAJ UMD A NB-435 and

(IRESSAQ) complexes, or free Gefini (IR e assays
perfOMMBPFE BT AT (rEAtHRENE A8 hsseusr éy‘féfb&(ﬁfltyn amgtthed 08OM (IMEM)
valswerp{theded gritbridshiredicinagidlding IO 0navth - hibitine) mers ug/mL each of

Cal eitRe AT c | | rve, Figure.4 he
s% §@Iues %ﬁ%%%ﬁ%gtlgﬂ %ﬁ tgk?é%g?\ll %%r%@n% a%r rat%) o?)éi }}Q% oS oo tine
(R

165 tSHBBEI R SH4IEY - sunplgmenied o Withhd 1o Sedives wemevate, 1mM
obd&evedsintind | suramteatidithithve coiviplbxed Beaftinibe REGSAG)HB serum, 2mM

comp:gﬁtsﬁnnwmhdcw%gvﬁﬁt%dﬂlﬁi H&ﬁcﬁﬁﬁ'm A GOMPAISIEMEM was

e
sulated Ere fiin M 102 81The effectiveness
of Flicgi(fglsf\}/l#% ?tlr']flt q{%ﬁ@é‘ﬁﬂ%}i Rdars P BehTSt s Bt mgredients
(IRE?:YS%‘E%‘W EomsBiRilainEededie®Pyia XTT assay (as described
herein) in a human breast cancer cell line (MDA-MB- 231) (Figure 45A), a

nupaRElaROPBIERIES MM 438l Eias 45B),and a human

(02 ostate cancer ceII line (DU145) (Fi ure 45C ar ratio of Geftinib
ESSAS SR AP??"é%‘é %FB?ﬂBfé‘BP AR ERDRAY:IRRE ata 1:1 to
ratub%msﬁqgtéﬂeh giFraprsbey frsignibatiodipdsimioineabhdcenglieiba@sroughout.

1: 30w R/ LA demenst ateshiskige frfalle atrpanal MPé?‘ff&ﬁu%@es mcubatlon
Ce'ly?&i\ﬂ tllgosom% com ex delj vered Geftlrglb (IRESSAQ) resulted ina 2

fold increase In ce rﬁlﬁng glosogqomp BEEGHS frob BRI RRS Xy iRscEv (ratio. of
- [0258sRATTdvRbik: MaAwswss)c@wsemtgofmumapeasé Wi/re3sonEeotinib at the
waspphgemedouhenriieGeiiniBiRESIAD Jwasdalivetadas RASR BBperature

cogRiex-AbRis AV ENLQR. (SClH s compared to free Geftini
(IRESS %(Flgure 45B). OSOg%ES%r%{?{ E%}/é&‘ ufinngﬁr ProStats Cancar caf to each

(Flguré’ 54CT & |ﬁ?3‘(‘fﬁ‘§’§%‘f\ﬁ§)‘ GeinePett Warﬁléiffﬁb%?nbo%rﬁmﬁ@draﬂo of
a shgltificinity) grester effedian eal7kill than mirendelbteed io sfreederfitably 7:7.

There was %ﬂiﬂef%m&w@% H&t@fﬁh&fﬁ%ﬁﬁ%&ﬁfd ftigi Qct%%%%()l with a

overfree srpallmg e, 7/14 81P 17U82007/011407 - 92 -
Chemosensmzatlo!rj?)%ig fRSCIV |pﬁf€5 m% %@RO) 103011The

ability of Geftinib (IRESSAO), delivered either 'free’ or via liposome
compléxo( Sell-HRESS hivhad b Jitke AUDPHCRs0: Siksh ipexx
j02s9pemothegpgulic, 808 WaRAlReassessed B XT1Assay, dF'%ﬁgg 100 4 of the
wi

46A-C). Three dlffereef# human cancer cell lines were trea
fre P BiRERB RSP ESHING oSttt akiey Eaion-dmiscaBm@4 hours,
do8s GﬁﬁﬁeMeV%bwlc wgbntseFine-fralamredioraf Geftiibl IRESSAD) L of

to t@écmaagh@m@( a&aﬁ)?e;ooz feauivplentte, 1.l Jhe ratioof

uné mcreasmg
smcg)le C antlbo tol osom in each complex was 1: (5“
S e bpapemen i s

(W:w). K’s Shown n
coRBEREI&BArIiBea 1scgbem@ thanaQ%I@hm&‘ba@@mmesmg 40 libers at 37°C in a

chamathaeapentisagenblaxaigrenben detvered by-theieetiniBashed with EM
(REZSADHIRASNS.EANRISK ﬁé@&%@fﬁ zd%%s%‘;r%?{)%?féﬁn%Sé‘cé‘ré?ng to the

administered as free Geftinib




103021Similarly in human melanoma cells (MDA-MB-435), Geftinib
IRESSAQ) delivered by the liposome complex (scL- TRESS d%l} )

I(g (gﬁﬂgr%gcled the response of the cells to Taxotere by 2.21{6(3; |%Igélﬁrhe1 107

46B) compared to free Geftinib (IRESSAOD) which did not sensitize the

cells at all te the Cherticitherapeutic agent. The molar ratio of Geftinib
(IRESSAO) to LipA in each complexyyas 7 to T The ratio of single-chain

antibody fragment to liposome in each complex was 1:30 (w:w).

10305 J&&&fgeﬁxto%%@?ﬁggﬂﬁﬁ‘é%m%iq&uﬂ,eﬂc@ir@%i@WbRﬁMence of an

was also assessed in human prostate cancer cell Iing, U145. The.molar,
S plex wHs P!

rafls SOSSAMREPERESEED to LiPATn ealR S TeteC Y3
of siagleahail-bisthodthiragmeitiolb dipeso mEdnsatrediepte e apgoformazan

(‘A&;\jz&er%%wgéx%sﬁ{ Ve iRdheRther amek salisisthere was2sigeifisamice, which
e T Fd el Se sy le chemotherapaullt ageRlMIKANANE reader
Wﬁgﬁ?lfé‘?ﬁﬁ%%ﬁlﬁﬁ'g@ﬁ WhE feivered Via the liposome complex of the
préYerrctive Mivicese MIRE 37 EigurEresSp Atddns thiife fakth fohibition was
almpesth5ifeld decrersgripihe tRIpoaserns Bidd4fiinidditorastierfewit of surviving
lipospme complexed Geftinib (IRESSAO) over that seen with free Geftinib

(I SA0). 103041Thus, here again as with the other small molecules in

the previous examples, we have shown in multiple tumor cell types and

with varieo Chehematherageutic agents that the delivery and efficacy of the

{026&{”2” moi%‘rlliix% %@ﬁ@&élﬁéﬁ%@;i?zﬁmﬁme63\@&1@%&&1?&6moap&%ﬁ@eeded in
IN the complex of this Invention N the three tumor, types shown In this .
e ot T e s b e g S, o

4l - example )€ more .
semsitiZd 10 GEffifRscHRESSAimicireoinpiexEacBriagsadinbd t 1Y Erlotinib,
inveptioneafocampaed soidine GeftivibdiREGSAe)varaddiatitivnaahtypds The cells

wn V\%Q}g bntcrl]x%altj???ffgxf &Q Ie?dﬁmg Ilaﬁgflgﬁlf!&m§ﬁt§§@w& B%&E%V&xetﬁtﬁiﬁon of -

~anunexpected finding that these tumor cells respond so well to this _

" inveAtoRT RSB TONGS TIeFSEhg S bR e sgIRShieRgutics in increasing
1" - PospatanzZatMnK andnict GhtipackritnleRiod iggovenngdivaidGhiclas.auashénd 8 hours.
of %@8@%@&&&@8%@@ ide:eHagts saldRefantiabiseSARRMEMhrmaceuticals;
T e A AT TN RETRAIRIAE 32452 26,182 0e wa) and
gemcitabine (GEMZAR®, Eli Lilly and Co., Indianapolis IN ). The XTT assays were
performed to assess the degree of sensitization to the chemotherapeutics, and ICsp values of

each cell were calculated. Fold sensitization equals the following: ICsy untransfected/ICso

each complex.

Results

Comparison of Encapsulated and Free Erlotinib (TARCE v4®)

[026%]) The effectiveness of TfRscFv/LipA/Erlotinib (TARCEVA®) compared to that of
free Erlotinib (TARCEVA®) on cell survival was assessed via XTT assay (as described
herein) in a human prostate cancer cell line (DU145) (Figure 324A), a human pancreatic
cancer cell line (PANC-1) (Figure 32B) and a human melanoma cell lir_le (MDA-MB-435)
(Figure 32C). The molar ratio of Erlotinib (TARCEVA®) to LipA in each complex was 7
to 7. The ratio of single-chain antibody fragment to liposome in each complex was 1:30

(w:w). Erlotinib (TARCEVA®) was dissolved in water. As demonstrated in Figure 32A,



[0306] 2. Vogelsang, G. B., Hess, A. D., Gordon, G., and Santos, C. W.

Treatment and prevention of acute graft Versus- host dlsea§
0
alidomide in a rat model. Transplantation, 41: 644-647, 1 (EBTMEQOWOIM !

1030713 McCarthy, D. M., Kanfer, E. J., and Barrett, A. J. Thalidomide for
the therapy of graft-versus-host diseate following allogeneic bone marrow.
transplantation. (Review). Biomedicitie@ & Thannacotherapy, 43: 693-697,

1989. [0308]4.Forsyth, C. J., Greiner, P. D., Torzillo, P., lland, H. J, and

YU, G- 6f Bt@twmevtﬁﬁp@ﬁ@aa@mmﬁ&ula@m@fea G¥1kBR. Bmgcgm@
Marrow Transplantation 2,7 291-293, 19 30915 Re ?j o PFran}hen Erlotinib
STeTPALTA ARy a g dhan pylelddnergags i £ rroyo%‘—’?ﬁuer&’a

AL’I@QIQ&;\O‘\%), and Ruiz-Palacios, 0. M. Effects of thalldomlde on

[ozsﬂ‘”V aSS@%i%‘#?Mm{iﬁﬂaﬁmﬂm @af@@ﬂé&lﬂiZ@ﬁmgGWM%ﬁﬂﬂGtinib (TARCEVA®)
: placebo-cont

d clinical trial. AID 01 1507,.19
[0%4 B]%r%&%%%ip?lsoﬁe c@mé)eﬁ)géadrstd Jf5 1&%? AT eftt:e(rml\clenlé(alh i when
3. deliGacksim, Jr®;, Hoxni-, GREFAON . awtﬁlmow 1Ma81ﬂﬁaﬂmt2r0/xement with
Vq?tﬁﬁ@zv/gpmmm&\ﬂﬂﬁjldo&lﬁaaf@ﬁ&h&dﬁ&&tﬂ&ent of oral

phthous. ylcers in atien t 0
0263} tional THAIE oF Al Jé;f%%%@%%%ﬁ%%g% R R CEVAY

Gilsthy TR Bgis RT3 31 BrRiadGiecsascagraddPres I&?ﬁﬁ’“mm

7. iR AMmBnR wdth m@hnamﬁm"%m fHiat veitlel fFes| [Eannya Jvas observed (Figure

Thalidomide is an inhibitor of angiogenesis. Proceedings of the National

Academy of Sciences of the United States of America, 91: 4082-4085,

1994. WO 2007/142781PCT/1JS2007/011407 -94 - 103%218 Bauer, IC_

S. Ohironeitatian IR N Br mbristoi 6idngitfeB4id by thalidomide
[0264gquires metaboliy actmasompWITsRIESpE)es-tepedddamicBinetieoicdd liposome

Ph(%I;nmp |(Ogé/ ’é&l&é%&élﬁ?o é:leQQ%B tumor cells ‘to:first line chemotherapeutic agents
was also assesséd by XTT assay. Human prostate cell line DU145 was treated with
'3.75uM or 7.5uM free or complexed Erlotinib (TARCEVA®) followed by addition of
increasing doses of Mitoxantrone. The molar ratio of Erlotinib (TARCEVA®) to LipA in
each complex was 7 to 7 (equivalent to 1:1). The ratio of single-chain antibody fragment to
liposome in each complex was 1:30 (w:w). Asshown in Figure 33 A, at a 3.75uM Erlotinib
(TARCEVA®) concentration there is an almost 13 fold increase in response to the
chemotherapeutic agent when Erlotinib (TARCEVA®) is delivered by liposome complex
) (scL-TARCEVA®), as compared to administered as free Erlotinib. At this dose free
Erlotinib does not sensitize the cells to Mitoxantrone. Moreover a dose dependent increase
in chemosensitization was observed, but only when Erlotinib (TARCEVA®) was delivered
via the method of this invention and not as free Erlotinib (TARCEVA®). At 7.5uM
Erlotinib (TARCEVA®), the level of sensitization of DU145 cells to Mitoxantrone after
treatment with scL-TARCEVA® was over 34 fold higher than that of free Erlotinib
(TARCEVA®) (Figure 33B). In contrast, even at this higher dose fiee Erlotinib
(TARCEVA®) had no effect on the response to the chemotherapeutic agent.
j0265] Similarly mm human melanoma cells (MDA-MB-435), Erlotinib (TARCEVA®)
delivered by the liposome complex (scL-TARCEVA®) at 3.75 1M enhanced the response



[0313]9.Kenyon, B. M., Browne, F., and D'Arnato, R. J. Effects of

thalldomlde and related metabolites in a mouse corneal m
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neovascuzlarlzatlon Experimental Eye Research, 64: 971-

10314110.Ng, S. S., Gutschow, M., Weiss, M., Hauschildt, S., Teubert, U.,
Hecker, T. K., Dizzio, F. A., Kruger, E. A, Eger, K., and Figg, W. D.
Antiangiogenic activity of N-substitutgg .and tetrafluorinated thalidomide
analogues Cancer Research, 63: 3189-3194, 2003. 10315111.Dredge,

K.o MR of T%XOM@W@IQMQF l%urylﬁﬂ\ OWpag@%pfrge EMuHES @AWGEV A®).
Stirling, D., and Dalgleish, A. G. No eI thalidomide a|0.%%1%18 d'sn?@iwered small

anlﬁeéﬁélﬁ‘bgﬁfg ﬁ&?\ﬁtﬁ?ﬁ%éﬁ@ﬂﬂ?‘fﬁ ?Wrﬁﬁ%%‘rﬁg@ﬁla ory effe
Britistecloerdal of Cathedey 87 fhEGHHLATS) RBOS §8IG12t RiniG s valye could not be

C%ﬁ%%?nemﬁh%%fﬁskv}i@%x@mﬁm LEOHeIEC A MYURRI M AFARCEVA®)
and Barreiro, E. L Synthesis and anti-infl ammatgr}/ aé:tlvg of u%thallmlde

deffivatived? }}?egfﬁr%?j O R AR AR SO RIS IR T 85 GBI iy g, Sstimmated to be
Meditinil € repnistpst 1018067 07 81i200d 431 PL I3:OFslagait Tha apptgr ratio of

J. Boand @@{g{@-@{?AA) {3 1A Uﬂﬂ@@gi‘é@hﬁfl@@'@&f thalidlonid eaan @ ftsingle-chain

chemic d fun al analogs. (Review). Criti Views in
Immrg{ﬁa% %5‘1%5?“& [%3 vgéapltggé&t Mvaansen

[0266ind Brom?ﬁ’el\ﬁffEC"l"PfaH&@?ﬁm% %%@Ué%‘&éﬁio%ﬁ%}@laﬁ’a "ﬁﬁ#&ﬁaﬁ%‘?? was also
botbsasnginge nesisnapthprasiatexcancesll BloomNC-&. Medicingdr ratio of Imatinib

C‘l\?{@l@%@é 1’25%11;31?( Yn%§r§1 Mﬁe@@é@]’% ﬁmago J-f'Elngle— ain |%mﬁ@ fragment

Lee, IC and Paull, K. D. Antitum

é"dﬁwa?ﬁ’% “ea% CZ?(.“L‘i‘fi‘ STAATRE AT B gfgfumor cells:
tubbiire. BiochelrioatiP Hasmawologths leveB-80 sasdévify M%%ﬁﬁwphc agent

J., G100 R lGdiiRatind Hi¥iR wherBastomiK (IMa@PiBRF) Ywas delivered via the
liposome complex of the présent invetition (scL-TARCEVA®) (Figure 35). At 7.5-uM,
there was an dimazing 545 fold incréase in'the response of PANC-1 to Gemcitabine with
liposome complexed Erlotinib (TARCEVAQ-D-)'over that se'en with free Erlotinib. In light of
what has been found in clinical trials where free TARCEV A® was found not t6 enhance the
effect of standard chemotherapeutics, such a dramatic effect on response to standard
chemotherapeutics is highly unexpected.

[0267) Thus, here again as -with the other small molecules in the previous examples, we

* have shown in multiple tumor cell types and with various chemotherapeutic agents that the
delivery and efficacy of the small molecule Erlotinib is enhanced when it is encapsulated in
the complex of this invention.

[0268] The tumor cell specific nature of the ligand/liposome/Erlotinib (TARCEVA®)
induced chemosensitization is shown in Figures 36 A-C. Normal (non-cancerous) skin
fibroblast cells (HS500) were transfected as above with LipA only, free Erlotinib
(TARCEVA® alone) and TfRscFv/LipA/Exlotinib (TARCEVA®) (scL- TARCEVA®) (ata
concentration of 7.5uM) prior to the addition of chemotherapeutic agents Mitoxantrone
(Figure 36A), taxotere (Figure 36B) or Gemcitabine (GEMZAR®) (Figure 36C). The molar
ratio of Erlotinib (TARCEVA®) to LipA in each complex was 7 to 7. The ratio of

single-chain antibody fragment to liposome in each complex was 1:30 (w:w). In all 3
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2,3-dih dro 31-rnethoxy-2-phenyl-4-quinazolinolle5 and related
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polymerization. Journal of Medicinal Chemistry, 43: 4479-4487, 2000.
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and Donehower, R. C. Paclitaxel (taxgl)(erratum appears in N Engl S Med
1995 Jul 6;333(1):75). (Review). New England Journal of Medicine, 332:
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Dringsohplek) ck84i9-ih86411808. 10325121.Sapra, P., Moase, E. IL, Ma, J.,
and Allen, T. M. Improved therapeutic responses in a xenograll model of

human B lymphoma (Namalwa%)}t:or |IR orinfl vincristine versus liposomal
doxorubicin targeted via anti-C g%f 5a or Fab' fragments. Clinical

Cancer Research, 10: 1100-1111,2004. 10326122. Mastrobattista; E.,

Koning" G: A., Storni, G. humungliposomes for the targeted '
Preparatlgn and Characterization of SFr)nall Molecule Sun%an?b Malate (SUTENT®)

Comprising-Immunoliposomes by Simple Mixing

{0270} The majority of cancers, including venal .cell carcinoma (RCC) and
gastrointestional stromal tumor (GIST), result from mutations or other abnormalities in
multiple signaling pathways, as opposed to a single, well defined mutation or abnormality.
These changes_ ultimately enable thgi,pg;)‘pesysre}s critical. to cancer growth and include:
self-sufficiency in growth signals, insensitivity to growth-inhibitory signals, evasion of
programmed cell death (apoptosis), limitless replicative potential, sustained angiogenesis,
and tissue invasion and metastasis. Sunitinib malate (SUTENT®) is an oral multi-kinase
inhibitor that simultaneously inhibits several receptor kinases involved in RCC and GIST
development. Sunitinib malate (SUTENT®) siznultaneously inhibits all known PDGF and
VEGF receptors, which play a role in both tumor cell proliferation and angiogenesis.
SUTENT® is the first multi-kinase GIST therapy to simultaneously inhibit PDGF, VEGF,
and KIT receptors. SUTENT® demonstrated antiangiogenic activity by inhibiting PDGF
receptors on pericytes and VEGF receptors on endothelial cells in preclinical studies in
both RCC and GIST. SUTENT® induced tumor regression and inhibited angiogenesis and
metastatic progression in preclinical studies. SUTENT®, therefore inhibits multiple
signaling pathways, resulting in a dual-action antiproliferative and antiangiogenic effect.

{02711 SUTENTY is indicated for the treatment of gastrointestinal stromal tumor (GIST)
after disease progression on or intolerance to imatinib mesylate, and for the treatment of
advanced renal cell carcinoma (RCC). Approval for advanced RCC is based on partial

response rates and duration of responses. There are no randomized trials of SUTENT®



delivery Of antitumor drugs. AdvDrugDelivaev. 40 (1-4103-127, 1999.
¥BRAA23%u, L., Tang, W. 11., Huang, C. C., Alexander, WerXiesgh/d11407
M., Pirollo, K. F., Raft, A., and Chang, E. H. Systemic p53 gene therapy of
cancer with immunolipoplexes targeted by anti-transferrin receptor scFv.
Molecular Medicine, 7: 723-734, 2001. [03281 24. Xu, L., Pirollo, K. F.,
and Chang, E. H. Tumor-targeted p582gene therapy enhances the efficacy
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Taré,:‘;{1 V. Hydait, A, Yin, Y. Z_, Cruz, I, Xiang, L. M., Pirollo, K. F., and
E. H. Systemic tumor- targeted gene delivery by anti- transferrln
receptor scFv-immunoliposomes. Molecular Cancer Therapeutics, I:
33VL346q/2002 MBRB)26.Yu, W., Pirollo, K. F., Yu, B., Ralil, A., Xiang, L.,
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liposome sys em i0chimica et Biophysica Acta, 1463: 383-394, 2000.
1027%32 128 RRErkIgoRRRIASPLe $amqescel it DY148; (i Br8 DR¥papbAtingd from the
Vyametckh DifeseubitiveEipesomesTOEchanssuoMAggRIEd foleaseltared in Eagle

dwgam%&e%@sgﬁlmeraamepe&&& (ReMiewuEhpsmianis, 3dpfiefdiids with 10%
heat—mactwated fetal bovine serum (FBS), 2mM L-glutamine, and 50 ng/ml. each of
penicillin, streptomycin, and neomycin. The human melanoma cell line MDA-MB-435 and
human pancreatic cancer cell line PANC-1 wete cultured in improved MEM (IMEM)

" supplemented with 10% heat-inactivated FBS; 2 mM L-glutaminie; and 50 pg/mL each of

: ':penicillin, streptomyecin; and néomycin. Normal hitmari lung fibroblast IMR-90-cells, a gift
from Dr. 1. Panyutin (Nucléar Medicine Department, National Institutes of ‘Health,
Bethesda, MD), were cultured in EMEM supplemented with 10% heat-inactivated FBS, 2
mM L-glutamine, 0.1 mM nonessential amino acids, 1 mM sodium pyruvate, and 50
pg/ml, each of penicillin, streptomycin, and neomycin. Normal (non-cancerous) skin
fibroblast cell line H500 was cultured in EMEM supplemented with ImM Sodium
pryuvate, 1mM Non-essential amino acids plus 10% heat inactivated fetal bovine serum,
2mM L-glutamine and 50 pg/ml each of penicillin, streptomycin, and neomycin. EMEM
was purchased from MediaTech (Herndon, VA) and the other cell culture media and
ingredients were obtained from Biofluids (Rockville, MD).

Preparation of TfRscFv/LipA / Sunitinib malate (SUTEN. T®) Complexes

[0274] Cationic liposomal formulation LipA (DOTAP: DOPE or DDAB:DOPE ata 1:1 to
1:2 molar ratio) were prepared using the ethanol injection method as described throughout.
TERscFv/LipA/Sunitinib malate (S'UTIENT®) complexes were prepared as follows: After
10 minutes incubation with rotation or stirring at room temperature of a mixture of LipA

and TfRscFv (ratio of TfRscFv to LipA, 1:1 to 1:40 (wt/wt), more suitably 1:10 to 1:30
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TfRscFv/LipA/Sunitinib malate (SUTENT®) complex or free Sunitinib malate
(SUTENT®) in serum-free medium in increasing concentrations, incubated for 4-6 hours,
suitably 5 hours, and then supplemented with FBS. The cells:were then incubated for an
additional 24-72 hours;-suitably 48 hours at:37°C in a humidified atmosphere containing
5% CO,. - Afterward; the wells: were washed witheIMEM -without phenol red -and the
cell-viability XTT-based assay was performed according tothe: manufacturer’s protocol
(Bochringer Mannheim, Indianapolis, IN). In the presence of an electron-coupling reagent,
XTT, sodium 3°-[1-(phenylamino-carbonyl)-3, 4-tetrazolium]-
bis(4-methoxy-6-nitro)benzene sulfonate is converted into orange formazan by
dehydrogenase in the mitochondria of living cells. The formazan absorbance, which
correlates to the number of living cells, was measured at 450 nm using a microplate reader
(Molecular Devices, Menlo Park, CA). The ICso yielding 50% growth inhibition was
interpolated from the graph of the lag of drug concentration versus the fraction of surviving

cells.

In Vitro Chemosensitization

[0276]) For the chemosensitization study, 2.5~3.5% 103 celts/well in 100 uL were seeded in
a 96-well plate. After 24 hours, the cells were washed with serum-free medium, overlaid
with 100 puL. of TfRscFv/LipA/Sunitinib malate (SUTENT®) complex or free Sunitinib
malate (SUTENT®) at 2 to 6uM Sunitinib malate (S’UTENT‘D), incubated for 4-6 hours,

suitably 5 hours, and then FBS was added to each well. The cells were incubated for an
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Resules
In Vitro Optimization of the Molar Ratio of TfRscFv/LipA/Sunitinib malate (SUTENT®)
Complex

{82771 The TMRscFv/LipA/Sunitinib malate (SUTENT ®y complex was prepared and the
molar ratio® of the small: molecule to liposome of the TfRscFv/LipA/Sunitinib malate
(SUTENT®) complex: was: optimized. The cell’ killing ‘effeet of complexed and free
Sunitinib malate (SUTENT®) at different ratios.of Sunitinib’matate (SUTENT®) to LipA
on DU1455 human prostate cancer cells wascompared. The ratio of TfRscFv to LipA was
1:30 (wt/wt). 3 x 10° cells/well were seeded in a 96-well plate and treated after 24 hours
with TfRscFv/LipA/Sunitinib malate (SUTENT ®) complexes, or free Sunitinib malate
(SUTENT ®y. The XTT assays were performed 72 hours after treatment to assess
cytotoxicity, and the ICsq values (the drug concentration yielding 50% growth inhibition)
were calculated from the concentration—cell viability curve. Figure 37 shows the ICso
values for each ratio. At the range of the molar ratio of Sunitinib malate (SUTENT®) to
liposome of 3:7~7:7, a decrease in the ICsp values were observed in cells treated with the
complexed Sunitinib malate (SUTENT®) in comparison with cells treated with free
Sunitinib malate (SUTENT®).

Comparison of Encapsulated and Free Sunitinib malate (SUT. ENT®)

[06278] The effectiveness of TfRscFv/LipA/Sunitinib malate (SUTENT®) compared to that
of free Sunitinib malate (SUTENT®) on cell survival was assessed via XTT assay (as
described herein) in a human prostate cancer cell line (DU145) (Figure 38A), and a human
pancreatic cancer cell line (PANC-1) (Figure 38B). The molar ratio of Sunitinib malate
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(SUTENT®) delivered via the liposome complex had a significantly greater effect on cell
kill than when delivered in ‘free’ form. There was a 4 fold improvement with

TR scFv/LipA/Sunitinib malate (SUTENT®) over free small molecule.

Chemosensitization by TfRscFv/LipA/Sunitinib malate (scL-SUTENT®)

{0280] The ability of Sunitinib malate (SUTENT®), delivered either ‘free’ or via liposome
complex (scL-SUTENT®), to sensitize tumor cells to first line chemotherapeutic agents
was also assessed by XTT assay. Human melanoma cell line MDA-MB-435 was treated
with 2.5uM or 5uM free or complexed Sunitinib malate (SUTENT®) followed by addition
of increasing doses of Taxotere: Fhe moldrratio of Sunitinib malate (SUTENT®) to LipA
'in-each complex was 7ta 7 (equivalent to 1:1): The ratio of single-chain antibody fragment
to liposome in each complex was 1:30 (w:w). As shown in Figure 39A, at a 2.5uM
Sunitinib malate (SUTENT®) concentration there is greater than 8 fold increase in response
to the chemotherapeutic agent when delivered by Sunitinib malate (SUTENT®) liposome
complex (scL-SUTENT®), as compared to administered as free Sunitinib malate
(SUTENT®). Moreover a dose dependent increase in chemosensitization was observed
when Sunitinib malate (SUTENT®) was delivered via the method of this invention. At
5uM Sunitinib malate (SUTENT®) the level of sensitization was so high that an ICsp value
could not be reached however it was estimated that the level of semsitization of
MDA-MB-435 cells to Taxotere after treatment with scL-SUTENT® was over 300 fold
higher than that of free Sunitinib malate (SUTENT®) (Figure 39B).

{0281] Similarly in human prostate cancer cells (DU145), Sunitinib malate (SUTENT®)
delivered by the liposome complex (scL- SUTENT®) at § 1M enhanced the response of
the cells to Mitoxantrone by >400 fold (Figure 40) compared to free Sunitinib malate
(SUTENT®) where there was only minimal effect on sensitization of the prostate cancer

cells to the chemotherapeutic agent. The molar ratio of Sunitinib malate (SUTENT®) to
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assessed in human pancreatic cancer cell line PANC-1. The molar ratio of Sunitinib malate
(SUTENT®) to LipA in each complex was 7 to 7. The ratio of single-chain antibody
fragment to liposome in each complex was 1:30 (wiw). As was observed in the other tumor
cells, there was a dramatic increase in the level of sensitivity to chemotherapeutic agent
GEMZAR® (Gemcitabine HCI) when Sunitinib malate (SUTENT ®} was delivered via the
liposome complex of the present invention (scL- SUTENT®) (Figure 41). At 2.5 uM, there
was an almost 6 fold increase in the response of PANC-1 to Gemcitabine (GEMZAR®)
with liposome complexed Sunitinib malate (SUTENT®) over that seen with free Sunitinib
malate (SUTENT®).

[0283] The tumor cell specific nature of the ligand/liposome/Sunitinib malate (SUTENT®)
induced chemosensitization is shown in Figures 42 (A-C) and 43 (A-C) Nommal
(non-cancerous) skin fibroblast cells (H500) were transfected 4s above with LipA only,
free Sunitinib malate (SUTENT ®) aloneand TfRscEv/LipA/Sunitinib malate (SUTENT ®y
(scL-SUTENT®)" {at-a" concentration’ of 2.5 :or -5uM) prior to the addition of
chemotherapeutic agenis Mitoxantrone  (Figure 42A), taxotere ' (Figure 42B) or
Gemcitabine (GEMZAR®) (Figure 42C). The molar ratio of Sunitinib malate (SUTENT®)
to LipA in each complex was 7 to 7. The ratio of single-chain antibody fragment to
liposome in each complex was 1:30 (w:w). In all 3 experiments no significant increase in
sensitization to the chemotherapeutic agents were observed. All ICsp values were in the
same range as that of the controls.

{0284] Similar results were observed when normal human lung fibroblasts (IMR-90) cells
were transfected as above with LipA only, free Sunitinib malate (SUTENT®) alone and
TfRscFv/LipA/Sunitinib malate (SUTENT®) (scL-SUTENT®) (at a concentration of 2.5
uM) prior to the addition of chemotherapeutic agents Mitoxantrone (Figure 43A), taxotere
(Figure 43B) or Gemcitabine (GEMZAR®) (Figure 43C). The molar ratio of Sunitinib
malate (SUTENT% to LipA in each complex was 7 to 7. The ratio of single-chain antibody
fragment to liposome in each complex was 1:30 (w:w). In all 3 experiments no significant
increase in sensitization to the chemotherapeutic agents were observed. All 1Cso values

were in the same range as that of the controls.
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(SUTENT®) are not tumor types in which the use of this small molecule has been found to

be useful, it is an unexpected finding that these tumor cells respond so well to this invention

Example 15

Preparation and Characterization of Small Molecule (Geftinib (IRESSA®))
Comprising-Immunoliposomes by Simple Mixing

[0286} Geﬂiuj}q (mI:SSA®)was t};gc.ﬁ_rst in anew class of antx—cancer drugs, known as
epidermal growth factor receptor tyrosine kmgse(EGl“R«TK)mhxbltors, to gain market
approval and is currently licensed for the treatment of advanced non-small-cell lung cancer
(NSCLC) in 36 countries worldwide. Many cells, iﬁcluding cancer cells, have receptors on
their surfaces for epidermal growth factor (EGF), a protein that is normally produced by the
body and that promotes the growth and multiplication of cells. When EGF attaches to
epidermal growth factor receptors (EGFRs), it causes an enzyme called tyrosine kinase to
become active within the cells. Tyrosine kinase triggers chemical processes that cause the
cells, including cancer cells, to grow, multiply, and spread. Gefitinib attaches to EGFRs
and thereby blocks the attachment of EGF and the activation of tyrosine kinase. This
mechanism for stopping cancer cells from growing and multiplying is very different from
the mechanisms of chemotherapy and hormonal therapy. Gefitinib was approved by the
FDA in May of 2003. Gefitinib is used alone (monotherapy) for the treatment of patients
with a certain type of lung cancer, i.e non-small cell lung cancer (NSCLC).

[0287] Approvals were based on two phase II trials, IDEAL 1 and 2, which showed
IRESSA to be an effective treatment for many patients with previously-treated advanced
NSCLC. Approximately 50% of patients in the IDEAL trials achieved tumor shrinkage or

stabilization of their tumor and the drug was found to be generally well tolerated with the
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[GZSﬁAed_ 2 ﬁ}sl}f:j:_gtnljgg%(_)()ﬂr, AstraZeneca announced the results of the phase I ISEL

(IRESSA® Survival Evaluation in Lung Cancer) study which compared IRESSA® with
placebo in patients with advanced NSCLC who had failed one or two prior chemotherapy
regimens. ISEL showed some improvement in survival with IRESSA® but this failed to
reach statistical significance, compared with placebo, in the overall population or in
patients with adenocarcinoma. Pre-planned subgroup analyses showed a statistically
significant increase in survival with IRESSA®, compared with placebo, in patients of Asian
origin and in patients who had never smoked. In addition, exploratory analyses of
biomarker data from ISEL have suggested that high EGFR gene copy number is a strong
predictor of beneﬁ-t(withIRES;SA@;in pre-treated advanced NSCLC.::.

{0289] Following: the announcement of:the ISEL data, AstraZeneca voluntarily withdrew

 the Furopean submission’ for IRESSA® and regulatory. authorities in the USA and Canada
limited the use of IRESSA® to those patients already experiencing benefit from the drug. In
the Asia Pacific region, due to the molecular differences in lung cancer, IRESSA® has
become an established therapy for pre-treated advanced NSCLC and use of the drug in the
first-line advanced setting is now being studied in a large phase III pan-Asian trial known
as the TP ASS study.

{0290} From the ISEL results, and broad clinical experience, it is clear that IRESSA® is an
effective treatment for some advanced NSCLC patients. AstraZeneca is now focused on
identifying those NSCLC patients who are most likely to benefit from the drug.

[0291] Since IRESSA® targets signaling pathways that appear to play a major role in the
growth of many solid tumors it therefore may have a therapeutic potential in a broad range
of cancers. Ongoing investigation of this potential includes clinical trials in head and neck

cancer and breast cancer.
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[0293] The human prostate cancer cell line DU145 (HTB-81) was obtained from the
American Type Culture Collection (ATCC; Manassas, VA). DU145 was cultured in Eagle
minimum essential medium with Earls salts (EMEM) supplemented with 10%
heat-inactivated fetal bovine serum (FBS), 2mM L-glutamine, and 50 ng/mL each of
penicillin, streptomycin, and neomyecin. The human melanoma cell line MDA-MB-435 and
human breast cancer cell line MDA-MB-231 cell line were cultured in improved MEM
(DMIEM) supplemented with 10% heat-inactivated FBS, 2 mM L-glutamine, and 50 pg/mL
each of penicillin, streptomycin, and neomycin. EMEM was purchased from MediaTech
(Herndon, VA) and the other cell culture media and ingredients were obtained from
Biofluids (Rockville; MD).

Preparation-of TfRscFv/LipA /Geftinib (IRESSA®) Complexes - -

[0294] Cationic liposomal formulation LipA (DOTAP: DOPE or DDAB:DOPE ata 1:1 to
1:2 molar ratio) were prepared using the ethanol injection method as described throughout.
TfRscFv/LipA/Geftinib (IRESSA®) complexes were prepared as follows. After 10

_minutes incubation with rotation or stirring at room temperature of a mixture of LipA and
TfRscFv (ratio of TfRscFv to LipA, 1:1 to 1:40 (wt/wt), more suitably 1:10 to 1:30 wt/wt},
Geflinib (IRESSA‘E’) at the appropriate concentration, was added mixed by inversion or
stirring at room temperature and incubated for 10 minutes. For animal injection, dextrose or
sucrose was added to each sample to a final concentration of 1% to 20%, more suitably
5.10%. The molar ratio of Geftinib (IRESSA®) to Liposome was from 0.2:7 to 14:7, more
suitably 3.5:7 to 7:7, most suitably 7:7. The sizes of the complexes were determined by
dynamic light scattering at 25°C with a ZETASIZER® 3000HS system (Malvern, United
Kingdom).
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®Ro RBoeihsddA. and Mitchell, M.P., Cancer Res., 56(3), 304 %3024:64988)07

103871Fujiwara, T., Grimm, E.A., Mukbopadhyay, T., Zhang, W.W.,

Owen-Schaub, L.B. and Roth, J.A., Cancer Res, 54, 2287-2291 (1994).

[0388]Fujiwara, T., Grimm, E.A., Mukhopadhyay, T., Cai, D.W., Owen

Schaub, L.B. and Roth, J.A., Cancer B3, 53, 4129-4133 (1993).

[0389]Xu, L., Pirollo, K.F., Rail, A., Murray, A.L. and Chang, D.1-1., Tumor

Ta{’gélﬁﬁ@,qff’dfﬂféﬁﬁ(ré@gﬁe%@wfm 'Geftisio(RESSABhgoRp/eRalit, A.
[0298nhd Charigy Rulstzré omanxGenetberapys 10, 2941-29521(3889) in 100 pL of the

10391 L Rt Ao Pl Lailfm &%ﬁ%%eﬂﬂoﬁéé%%&\? é?él@é‘% Fo@0 ENARIA R 24 nours,

Cancer Gene Therapy 8, 728-739 (2001 ) ) _
2081 82 F8 1 BEEH I UEEBT 10 T ag9upofépe medium, overlaid with 100 uL - of
TfRscFv/LipA/Geftinib (IRESSA®) complex or free Geftinib (IRESSA®) in serum-free

medium in increasing concentrations, incubated for 4-6 hours, suitably 5 hours, and then
supplemented with FBS. The cells were then incubated for an additional 24-72 hours,
suitably 72 hours at 37°C in a humidified atmosphere containing 5% CO,. Afterward, the
wells were washed with IMEM without phenol red and the cell-viability XTT-based assay
was performed according to the manufacturer’s protocol (Boehringer Mannheim,
Indianapolis, IN). In the presence of an electron-coupling reagent, XTT, sodium
3’-[1-(phenylamino-carbonyl)-3, 4-tetrazolium]-bis(4-methoxy-6-nitro)benzene sulfonate
is converted into orange formazan by dehydrogenase in the mitochondria of living cells.
The formazan absorbance, which correlates to the number of living cells, was measured at
450 nm using a microplate reader (Molecular Devices, Menlo Park, CA). The ICs yielding
50% growth_‘invhihgitv;i‘or-)l_7 was interpolated from the graph of the log of drug concentration

versus the fraction of surviving.cells.. .

In Vitro Chemosensitization

[0296] For the chemosensitization study, 2.5~3.5x 10° cells/well in 100 pL were seeded in
a 96-~well plate. After 24 hours, the cells were washed with serum-free medium, overlaid
with 100 pL of TfRscFv/LipA/Geftinib (IRESSA®); complex or free Geflinib (JRESSA®)
at 8 to 15uM Geftinib (IRESSA®), incubated for 4-6 hours, suitably 5 hours, and then FBS
was added to each well. The cells were incubated for an additional 24-72 hours, suitably 19
hours, followed by the addition of the appropriate supplemented medium with or without
chemotherapeutics in increasing concentrations, and incubation continued for
approximately 24-72 hours, suitably 48 hours. The chemotherapeutic drugs used were
docetaxel (Taxotere; Aventis Pharmaceuticals, Bridgewater, NJ), and mitoxantrone
(Novantrone®, Immunex Corp., Seattle WA). The XTT assays were performed to assess
the degree of sensitization to the chemotherapeutics, and ICsy values of each cell were

calculated. Fold sensitization equals the following: ICsp untransfected/ICso each complex.



[03921Yazdi, PT,, Weaning, L.A. and Murphy, F,..M Cancer Res., 55,

W 0303 144%541995). 103931Dubc'D, Francis, M., Leroux I1C apgvc2007/011407
Winnik.,Bioconjugate Chemistry 10, On line article, 2002. 19394 1All
publications, patents and patent applications mentioned in this
specification are indicative of the level of skill of those skilled in the art to
which this invention pertains, and afd herein incorporated by reference to
the same extent as if each individual publication, patent or patent
apglication was specifically and individually indicated to be incorporated

by, fx%i%%%&%mzawoy% A%ﬂﬁ&wﬁoﬁmﬁh%{;f/p&wm 91@@@9@@) Bbmplex
antibod

[0297]C ompn eygs/ o §%§% g%#nmrgg 3?25%%”1 %re{gjmd the molar ratio
safmanubddyotncamméﬂ@ysmgm@hp Wﬁﬁﬁsa%mﬂé%@gdnﬁwﬁﬁ@)a@omplex was
Céy@:m%m My Q@ﬂ(ﬁﬁgﬂéeefﬁaef?%ﬁﬁl@@ﬂtm(h‘&r@éﬁlbmﬂﬁm@maﬁhfferem
ng[tx%rs]%@g ai{l%x% &&% S atlo%:&? %9'5‘?1 %uman breast cancer cells was
compared. The ratio of TIRscFv to prA was 1:30 (wt/wt). 3 x 10° cells/well were seeded
in a 96-well plate and treated after 24 hours with TfRscFv/LipA/Geflinib (IRESSA®)
complexes, or free Geftinib (IRESSA®). The XTT assays were performed 72 hours after
treatment to assess cytotoxicity, and the ICs values (the drug concentration yielding 50%
growth inhibition) were calculated from the concentration—cell viability curve. Figure 44
shows the ICs, values for each ratio. At the range of the molar ratio of Geftinib (IRESSA®)
to liposome of 3:5~7:7, a decrease in the IC5o values were observed in cells treated with the
complexed Geftinib (IRESSA®) in comparison with cells treated with free Geflinib

" (IRESSA®).

* Comparison of Encapsulated and Free Geftinib (IRESSA®)

[6298] The effectiveness of TIRscFv/LipA/Geflinib (IRESSA®) compared to that of free
Geftinib (IRESSA®) on cell survival was assessed via XTT assay (as described herein) in a
human breast cancer cell line (MDA-MB-231) (Figure 45A), a human melanoma cell line
(MDA-MB-435) (Figure 45B), and a human prostate cancer cell line (DU145) (Figure
45C). The molar ratio of Geftinib JRESSA®) to LipA in each complex was 7 to 7
(equivalent to l-:l). The ratio of single-chain antibody fragment to liposome in each
complex was 1:30 (w:w). As demonstrated in Figure 45A, treatment of MDA-MB-231
cells with liposome complex delivered Geftinib (IRESSA®) resulted ina 2 fold increase in
cell killing as compared to free Geftinib (IRESSA®).

{06299] Moreover, in MDA-MB-435 cells a2 1.5 fold increase in response was observed
when the Geftinib (IRESSA®) was delivered as part of the complex of this invention (scL-
IRESSA®), as compared to free Geftinib (IRESSA®) (Figure 45B).

{0300} Similarly, in human prostate cancer cells, (Figure 45C) Geftinib (IRESSA®)
delivered via the liposome complex had a significantly greater effect on cell kill than when
delivered in ‘free’ form. There was a 1.7 fold improvement with TfRscFv/LipA/ Geftinib
(IRESSA®) over free small molecule.



mixing said cationic immunoliposonie with a small molecule having a

Hned-enakeut 300 to about 10,000 Daltons to form said apibe@Ys®/o11407

antibody lint some complex, said cationic in unoliposome is

mixed with said small molecule at a molar ratio in the range of about 2.8:7

to about 14:7 (small molecule:it/mum posome). 152,The method of claim I,

wherein an antibody is Mixed with ad¥cationie hposome. 3.The method of

claim 1, wherein an antibody li'agnient is mixed with said cationic

liposome. 20.4.a c, The method of claim or claim 3, wherein said
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Sald cationic immunaoliposornc andsal ecule are present at

anfSkEATE: ﬂct%@éabemmg%ﬁﬁwma@ea|§aﬁ|malf%ﬁﬁfb%eﬁw@%f%‘brﬁé@ ISSA®) to
capipmalipaspreptmplexvhergicadichemal mojeThe nedpsilsitetbvelthin antibody
Saﬁiag%ggms PR3AmS, is.conaingd Wiain. mea@@h@b@mmlg&éaw at

liposome, or is assogéa}gte@d with an mne;hor outer montglal)ée{ ?(I said
caliie ﬁﬁ@% ) concentration there is greater than 2 told imcrease in response

to the chemotherapeutlc agent Taxotere when delivered by the Geftinib (IRESSA®)
liposome complex (scL-IRESSA®), as compared to when it is administered as free
Geftinib (IRESSA®).

[6302] Similarly in human melanoma cells (MDA-MB-435), Geftinib (IRESSA®)
delivered by the 1iposotﬁe complex (scL- IRESSA®) at 15 pM enhanced the response of
the cells to Taxotere by 2.2 fold (Figure 46B) compared to free Geftinib (JRESSA®) which

. did not sensitize the cells at all t6 'the chemotherapeutic agent. The molar ratio of Geftinib
(IRESSA®) to LipA in each complex “was 7 to 7. The ratio of single-chain antibody
fragment to liposome in each complex was 1:3¢ (w:w).

{6303] The effect of liposome complex delivery of Geftinib (IRESSA®) was also assessed
in human prostate cancer cell line DU145. The molar ratio of Geftinib (IRESSA®) to LipA.
in each complex was 7 to 7. The ratio of single-chain antibody fragment to liposome in
each complex was 1:30 (w:w). As was observed in the other tumor cells, there was a
significant increase in the level of sensitivity to chemotherapeutic agent Mitoxantrone
when Geftinib (IRESSA®) was delivered via the liposome complex of the present
invention (scL—IRESSA®) (Figure 46C). At 8 pM, there was an almost 5 fold increase in
the response of DU145 to Mitoxantrone with liposome complexed Geftinib (IRESSA®)
over that seen with free Geftinib IRESSA®). '

[6304] Thus, here again as with the other small molecules in the previous examples, we
have shown in multiple tumor cell types and with various chemotherapeutic agents that the
delivery and efficacy of the small molecule Geftinib (IRESSA®) is enhanced when it is

encapsulated in the complex of this invention. Since the three tumor types shown in this



MCSIAP - 102 - 8. The method or the cationic immunoliposome complex
efchaimifzmiherein said antibody fragmentptor single chaired'wRiRsef Moy

9. The method or he cationic immunoliposome complex ofRums 1 to 7,
5wherein said antibody or antibody fragment is an anti-ITER-2 antibody or
antibody 10. The method or the cationic immunoliposome complex of any

one of claims 1 to 9, wherein said catfonic liposome comprises a mixture

of one or more cationic lipids and o:ne or more neutral or helper lipids. 10
Tleamplth oo tor teeccetisttizeihimnF Bl b ORI B Ofp eRwf emryrdpiedrpglescribed in
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IGtAC IMMuno |posome complex of any ims 1to El,
wHeleturaaidlstrermenibesuribieSHsdAsEEiamixture of
dioleoyltrimethylammonium phosphate with
d.iolcoylphosphatidylclhanolamine and/or cholesterol; or a mixture of
dimethyldioctadecylammoniurn bromide with
dioleoylphosphatirlyiethanolaminc and/or cholesterol. 20 13. The method
of myy@ee-afto 4, or 7 to 12, whereincationic
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5molecule has a molecular weight of about 300 to about 700 Daitons. 18.
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small molecule has at least one pKa in there of about 2 to about 9.

1019,The method or the cationic immunoliposome complex of any

oneclaims | to 18, wherein said small molecule is an anticancer small
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CLAIMS:
1. A method of preparing an antibody- or antibody fragment-targeted cationic
immunoliposome complex comprising:
(a) preparing an antibody or antibody fragment;
(b) mixing said antibody or antibody fragment with a cationic liposome to form a

cationic immunoliposome, wherein said antibody or antibody fragment is not chemically
conjugated to said cationic liposome; and

() mixing said cationic immunoliposome with a small molecule having a
molecular weight of about 300 to about 10,000 Daltons to form said antibody- or antibody
fragment-targeted-cationic immunoliposome complex,

wherein said cationic immunoliposome is mixed with said small molecule at a molar

ratio in the range of about 2.8:7 to about 14:7 (small molecule:immunoliposome).

2. The method of claim 1, wherein an antibody is mixed with said cationic liposome.

3. The method of claim 1, wherein an antibody fragment is mixed with said cationic
liposome.

4, The method of claim 1 or claim 3, wherein said antibody fragment comprises a cysteine

moiety at a carboxy terminus prior to being mixed with said cationic liposome.

5. An antibody or anlibody fragment-targeted cationic immunoliposome complex
comprising a cationic liposome, an antibody or antibody fragment, and a small molecule having
a molecular weight of about 300 to about 10,000 Daltons, wherein said antibody or antibody
fragment is not chemically conjugated to said cationic liposome, and

wherein said cationic immunoliposome andsaid small molecule are present at a molar

ratio in the range of about 2.8:7 to about 14:7 (small molecule:immunoliposome).

6. The cationic immunoliposome complex of claim 5, wherein said small molecule is
encapsulated within said cationic liposome, is contained within a hydrocarbon chain region of

said liposome, or is associated with an inner or outer monolayer of said cationic liposome.

7. The method or the cationic immunoliposome complex of any one of claims 1, or 3 to 6,

wherein said antibody fragment is a single chain Fv fragment.
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3. The method or the cationic immunoliposome complex of claim 7, wherein said antibody

fragment is an anti-transferrin receptor single chain Fv (TfRscFv).

9. The method or the cationic immunoliposome complex of any one of claims 1 to 7,

wherein said antibody or antibody fragment is an anti-HER-2 antibody or antibody fragment.

10. The method or the cationic immunoliposome complex of any one of claims 1 to 9,
wherein said cationic liposome comprises a mixture of one or more cationic lipids and one or

more neutral or helper lipids.

11, The method or the cationic immunoliposome complex of any one of claims 1 to 10,
wherein said antibody or antibody fragment is mixed with said cationic liposome at a ratio in the

range of about 1:20 to about 1:40 (w:w).

12. The method or the cationic immunoliposome complex of any one of claims 1 to 11,
wherein said cationic liposome comprises a mixture of dioleoyltrimethylammonium phosphate
with  dioleoylphosphatidylethanolamine  and/or  cholesterol; or a  mixture of
dimethyldioctadecylammonium bromide with dioleoylphosphatidylethanolamine —and/or

cholesterol.

13. The method of any one of claims 1 to 4, or 7 to 12, wherein said cationic
immunoliposome is mixed with said small molecule at a molar ratio in the range of about 4.7 to
about 14:7 (small molecule:immunoliposome), or the cationic immunoliposome complex of any
one of claims 5 to 12, wherein said small molecule and said cationic immunoliposome are
present at a molar ratio in the range of about 47 to about 147 (small

molecule:immunoliposome).

14. The method of any one ‘of claims 1 to 4, or 7 to 12, wherein said cationic
immunoliposome is mixed with said small molecule at a molar ratio of about 7:7 (small
molecule:immunoliposome), or the cationic immunoliposome complex of any one of claims 5 to
12, wherein said small molecule and said cationic immunoliposome are present at a molar ratio

of about 7:7 (small molecule:immunoliposome}).

15. The method or the cationic immunoliposome complex of any one of claims 1 to 14,

wherein said small molecule has a molecular weight of about 300 to about 5000 Daltons.
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16. The method or the cationic immunoliposome complex of claim 15, wherein said small

molecule has a molecular weight of about 300 to about 1000 Daltons,

17. The method or the cationic immunoliposome complex of claim 16, wherein said small

molecule has a molecular weight of about 300 to about 700 Daltons.

18. The method or the cationic immunoliposome complex of any one of claims 1 to 17,

wherein said small molecule has at least one pKa in the range of about 2 to about 9.

19. The method or the cationic immunoliposome complex of any one of claims 1 to 18,

- wherein said small molecule is an anticancer small molecule.

20. The method or the cationic immunoliposomé complex of any one of claims 1 to 19,
wherein said small molecule is selected from the group consisti&g of GMC-5-193, YK.-3-250,
mmatinib mesylate, erlotinib hydrochloride, sunitinib malate, gefitinib, and analogs and

derivatives thereof.

21, A cationic immunoliposome complex prepared by the method of any one of claims 1 to

4, 0r7 to 20.

22 A method of treating a patient suffering from a disease state comprising administering

the cationic immunoliposome complex of any one of claims 5 to 21 1o the patient.

23, A method of treating a patient suffering from cancer comprising administering the

cationic immunoliposome complex of any one of claims 5 to 21 to the patient.

24, The method of claim 22 or claim 23, wherein said administration comprises
administration via a route selected from the group consisting of intratumoral, intralesional,

aerosal, percutaneous, endoscopic, topical, oral, subcutancous and intravenous administration.

25. The method of claim 23 or claim 24, further comprising administering a

chemotherapeutic agent to the patient.
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26, A method of enhancing the effectiveness of a chemotherapeutic agent comprising
administering the cationic immunoliposome complex of any one of claims 5 to 21 in

conjunction with the chemotherapeutic agent to a patient.

27. The method of claim 25 or claim 26, wherein said small molecule is selected from the
group consisting of GMC-5-193, YK-3-250, imatinib mesylate, erlotinib hydrochloride,
sunitinib malate, gefitinib, and analogs and derivatives thereof, and wherein said
chemotherapeutic agent is selected from the group consisting of doxorubicin, cisplatin,

mitoxantrone, taxotere and CDDP.

28. The method of any one of claims 25 to 27, wherein said chemotherapeutic agent is

delivered after the cationic immmunoliposome complex.

29. The method of claim 28, wherein said chemotherapeutic agent is delivered at least 12

hours after the cationic immunoliposome complex.

30, The method of any one of claims 25 to 27, wherein said chemotherapeutic agent is

delivered before the cationic immunoliposome complex.

31 The method of claim 30, wherein said chemotherapeutic agent is delivered at least 12

hours before the cationic immunoliposome complex.

32, The method of any one of claims 25 to 27, wherein said chemotherapeutic agent is

delivered at the same time as the cationic immunoliposome complex.

33, The method of any one of claims 23 to 32, further comprising administering a radiation

therapy to the patient.

34. A method of enhancing the effectiveness of a radiation therapy comprising
administering the cationic immunoliposome complex of any one of claims 5 to 21 in

conjunction with the radiation therapy to a patient.

35, The method of claim 33 or claim 34, wherein said small molecule is selected from the
group consisting of GMC-5-193, YK-3-250, imatinib mesylate, erlotinib hydrochloride,

sunitinib malate, gefitinib, and analogs and derivatives thereof, and wherein said radiation
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therapy is selected from the group consisting of gamma radiation, X-rays, UV irradiation,

microwaves and electronic emissions.

36. The method of any one of claims 33 to 35, wherein said radiation therapy is delivered

after the cationic immunoliposome complex.

37. The method of claim 36, wherein said radiation therapy is delivered at least 12 hours

after the cationic immunoliposome complex.

38, The method of any one of claims 33 to 35, wherein said radiation therapy is delivered

before the cationic immunoliposome complex.

39, The method of claim 38, wherein said radiation therapy is delivered at least 12 hours

before the cationic immunoliposome complex.

40. The method of any one of claims 32 to 34, wherein said radiation therapy is delivered at

the same time as the cationic immunoliposome complex.

41. A method of preparing an antibody- or antibody fragment-targeted cationic
immunoliposome complex, a method of treating a patient suffering from a disease state, a
method of treating a patient suffering from cancer, a method of enhancing the effectiveness of a
chemotherapeutic agent and/or a radiation therapy, or a cationic immunoliposome complex,

substantially as hereinbefore described.



