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in the fields of drag delivery, cancer treatnent and
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[0003] One of the most common paramagnetic imaging agents employed in cancer
diagnostics 1is Magnevist® (Gadopentetate Dimeglumine) (Mag) (Berlex Imaging,
Montville, NJ). Gadolinum is a rare earth element. It shows paramagnetic properties since
its ion (Gd™) has seven unpaired electrons. The contrast enhancement observed in MRI
scans is due to the strong effect of Gd™" primarily on the hydrogen-proton spin-lattice
relaxation time (Ti). While free gadolinium is highly toxic, and thus unsuitable for
clinical use, chelation with diethylenetriamine pentacetic acid (DTPA) generates a well

tolerated, stable, strongly paramagnetic complex. This metal chelate is metabolically



tol erated, stable, strongly paramagnetic conplex. This
nmetal chelate is netabolicallyinert. However, after
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megl um ne ion dissociates fham the hydhophobic

gadopentetate, which is distributed only in the

extracellular water. It cannot cross an intact
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0 specific tissues hin the body, for exanple,
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SfecEM tish@@YvitiR eHdlly! RF eLisle 0B thiaoH Esshet ant Qhdt RATRHE

conpl ex conprising preparing an anti body or anti body
fragnent, mxing the antibody or antibody fragment

with a cat iBl@IEF'SWNHWER‘YOdPD‘IﬂE‘!NﬁENfI'I N
i mrunol i posonme, wherein the antibody or ang%body
fragnent is not chemcally conjugated to the cationic

[0005] | i posbmene smbodinggntg thehpregenti mmerfionnpuenisies ppetbods wf tphieparing an

an..i magi n nt.to formth nt i. body- qr_ anti bod . .
flibodunet fuftody dipethentinectof siihniy Tbuntlipoding Caipblex comprising
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of the present invention include, single chain Fv )
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glﬂﬁjoﬁy Fi%ggn-glﬂ% GloY ):hé?ﬁ‘igal?}p Eéﬁj&&%&ﬁﬂé Ly ﬁﬁosome, and mixing the
cationic immunoliposome with an imaging agent to form the antibody- or antibody
fragment-targeted-cationic immunoliposome complex. Exemplary antibody fragments
for use in the practice of the present invention include, single chain Fv fragments, such as
an anti-transferrin receptor single chain Fv (TfRscFv) and anti-HER-2 antibody or

antibody fragment. In additional embodiments, the methods further comprise mixing the



anti body fragnment. In additional enbodinents, the
nmet hods further conprise m xing thecationic
wOmmaeTaTisi posone with a peptide conprising thePCT/US2006/041139
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antibody or antibody fragnent is not chemcally
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further enbodjnent t he esent. i nventi.on provides
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immuneliposetne campedes nf Ster priesam inventiom to thengasigst prior to performing

adm ni.stratjon.. Sui.tably, . .
the " imaging. ~ Admihisfration Za)’ occur via any route, for example, intravenous

administration, intramuscular administration, intradermal administration, intraocular
administration, intraperitoneal administration, intratumoral administration, intranasal
administration, intracereberal administration or subcutaneous administration. Suitably,
the tissue that is imaged using the methods and complexes of the present invention are

cancerous tissues, including cancerous metastasis.



the tissue that is imaged using the nethods and
conpl exes of the present invention are cancerous
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midrRars For-sampldvrientatiopl ex. 3B, E, and H show a sinilar

oora) e g B S50 RSP i G AR models of caner uing
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s(gmalr iovd) lai'ge nehtishiic erghotenie tudrderrowy (demipniép piter surgical implantation
of the tumor) between the i.v. administered free contrast agent and the TfRscFv-Lip-Mag

lf'ﬁ?] km¥H circles in all images are

complex. 3B, E, and H show a similar effect in a second mouse with a subcutaneous
pancreatic tumor and a much smaller abdominal pancreatic tumor (arrows). 3C, F and I
are the images of a third animal with a subcutaneous prostate tumor (arrow) in which the
same effect is evident.

[0015] Figure 4A-C show SPM phase images of liposomes without Magnevist®. The
images appearing in 4A, 4B and 4C were obtained at setpoints of 1.68 V, 1.45V, and

1.35 V, respectively. The corresponding phase differences between the noncompliant



[ 0015] Figure 4A-C show SPM phase i nages of |iposones
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[0020] 't gvfer@‘ié%x?%‘/gé{lcas}f&%%ﬁ%ﬁsﬁecﬁ?é IR SPILaPaAS SHWARESs tumor

and orthotopic metastasis model by the TfRscFv-HK-Liposome-Mag nanocomplex.

[0021] Figure 10 shows dynamic MRI showing the increase in intensity using Mag-
delivered by the complexes of the present invention in a pancreatic carcinoma model, as
compared to free Mag.

[0022] Figure 11A-11C shows MR imaging of pancreatic cancer metastases by Mag-
comprising complexes of the present invention.

[0023] Figure 12A-12E shows a greater enhancement in MR imaging of lung metastases

by Mag-comprising complexes of the present invention.



[0022] Figure 11 A-1 1C shows MR i magi ng of pancreatic

cancer netastases by Magconprisi ng conpl exes of the
wonrew@atsi nvent i on. [ 0023] Figure 12A- 12E showBC®&US2006/041139

greater enhancenent in MR-igragi ng of | ung netastases

by Mag- conprising conpl exes of the present
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astatic |ssue confirm ng
pssert itmentBh. usi ng t he Mag- conpri si ng conpl exes of t he
pres

i nyenti on. 028] ure .17 sho hi g
magn fg“&eatlg OFF S ‘E;‘msé’%féeta %‘2@?5“%% émT@AthP S’Ptecuon/lmagmg
s%@MuﬁﬁBﬁiJMagfcoﬁ%hﬁﬁg @%ﬁlek@s $tﬂﬁe PHRB GV ALGE. the

lu 7g conprising conpl exes of the present
[0028] mveﬁtgumﬂ flmed}lglmrgmgmfmmme@mm detection OB 1
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bﬁﬁ%ﬁlﬁ'ﬁi@oﬁl&d& of t¢PEseNnl &fd8] The present

invention fulfills a critical need, that is, enhanced
[0030] sensfigus {9AA9B shavs: desestipn 96 &si/Fiognelmema leng mgtastases by Mag-

%ﬁgﬁﬁﬁg Q&QEgesd%ﬁtﬂgéx%E@n't lvefliggnosis of tunor versus

igntis OV|d|ng nanoconpl exes for systenic
delivery of imaging agents, such as magnetic resonance

gadopentisl MLEH HESCRITICON ey enmon

i opam dol, iron oxide; barium iodine and saline

[0031] i magiThe p@@eﬂﬁ veatiofCTulfil®@ critical need, that is, enhanced sensitivity and
18F- 2- deox%( 2- fI uor o- D(_:%I ucose. DG) and ot her I magi ng
1@

tpsrRed spesifigityior garly Aefestion andl diffmential dragausrpf wmor versus benign

e R
midgnetic Gesvaaildveriapging ZMZH) 2§&R1s, (]sﬁélﬁ) as Deado Bypinn). @hdopentetate
ot ) 0 SR g ST {0 e i
agdh@ for G andé@F-Qldeoxiﬁ'Qqﬁf&rcﬁgJ@ucose (FDG) and other imaging agents for
PET to targeted tissues, for example tumors. Scanning Electron Microscopy (SEM) and
Scanning Probe Microscopy (SPM) (Wolfert, M.A., et al., Human Gene Therapy 7:2123-
2133 (1996); Dunlap, D.D., et al, Nucleic Acids Research 25:3095-3101 (1997);
Kawaura, C., et al., FEBS Letters 421:69-72 (1998); Choi, Y.H., et al, Human Gene
Therapy 10:2657-2665 (1999); Diebel, C.E., et al., Nature 406:299-302 (2000); Rasa, M.,
et al., J. Coll. Interface Sci 250:303-315 (2002)) have been used to examine the physical

[0027]

structure and size of these imaging agent-carrying nanocomplexes. In the case of
gadolinium, a high-atomic number element which possess a large magnetic moment,

these properties can be exploited in a variety of ways to enhance contrast in both SEM



Therapy 10: 2651- 2665 (1999); Diebel, CE , et al.,

Nat ure 406: 299-302 (2000); Rasa, M, et al, J. Coll.
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exam ne the physical structure and size of these

i magi ng agent - carrying nandconpl exes. In the case of

gadol inium a high-atom c nunber el enent which possess
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pnex surpri.sing re ults of detection of very

d’ir?ﬁﬁnl la‘i‘?ﬁéleg@et g’gglgnlaﬂélc SEFFHP net ast ases in the

[0032] | ungm ageWahdodafiehth eh@qirégehﬁ/ ikv@ntlbd fRbeatd aﬁﬁop@&gwﬁg delivery
beni gn and cancerous tissues. In one enbodi nent,
sxst@gemmpmﬁ;%tcp@tﬁasp regoRtge o1t exepRle Magaeih geseéanoszem}ﬁgmg (MRI)
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oo TR A P SRR Nt 200500ERI7 (e gisglosure of
WBLHM issllfle@ipa&teelnheré@pby Qaferdme Nia. its? %%@Q%Mseé tthede nano-sized,

di scl osure of which is |ncorpor&E§d herei n

cationisy lgweee fGapsulating Yastops aghmit Isseating égeéuﬁéﬁ%ogﬁlﬁdiposomes

at%zgr'g @nbie@ﬂ%@%cﬁ%ﬁ Be lé'l@% (‘P%uc\!l?éé Riie 886€MsPerrin, or an antibody
rating the surtace of ese || posones are

ot an getibotly fregreent| disectddi gduircshia ¢adl surficgamekptaudhe ggesence of the

iphaBtinbh 3BS ool BenfeEhe Y aind ToBlesm hp gbe coll

tHRERHEBIRGNS fof A tar s th IRk k18 ®E)YitsORcéf6r FollB2@MSinternalization of
facilitates the entry of the conplexes into the cells

theHrowng Isomplesi Yig refeptdianedisigd endeyytasise eunghlyyeffigignt interalization
|
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Pewf, IHMAM Ge%eﬂnaa&p)z at276 e 8palliona)). (I’Btsl ﬁioldﬁﬂ’tﬁtlothf tharlij)osomes
curi el ncer CGene Therapy 3:49-57 (199 g
reshkénig, thpr ng ﬁbh%atwt@@hé oTssiscHpgly Pebver thep pmg% o) tumor cells, but

a]gg ﬁr&r%g% tht ‘Eﬁ}léfg& $H offiBS g] deRRS ﬁgfs;)n{de: %fs?erhlﬂ r%c'raﬁﬂof (TfR) levels

ei ng abl e not onl y to sélectiv I'iver t
alpaagibmdl i veiows types log, cabedr 1ab]sdmlgnmmb apxestatbh breast and pancreas

ran ct ficac f th a
Gri oSy ot F ol ol Urleeditas BBIaSs 1050; et ppbe e Zetter
BSRN$RSc. Imszﬁ Wb aser @ls4d) resioatazo1 1 eemt Enﬁﬂm ROBIGf 8BSAnn. N.Y.
(Keer, et al, Journal of Urolog 1\{ 743: 381- 385
0.

A(:q@gﬁ@: 6%135&166!\/{1@93)@%@@118@@1( B Romglee I, Naend. J. Clin. Lab.

I;gzle% /(§ op. )MBB ey @53%‘%’&%@@ (eggggfn‘ttl WAL Mc%}zllofaczal

SHROLSHUB0-48R (1994) Etb’iﬂ:aRBr‘@idqyold, C.N3GeeidJ. Biockdm. rCelZLBtbl 31:1111-
| nvest | 215:113-120 (1993); M.yanot.o, g
1537 (hﬂg@}% re@e& thep LR Tesyeles gpring internalization in rapldiy eveloping

cells such as cancer cells (Ponka, P. and Lok, C.N., Int'l. J. Biochem. Cell Biol. 31:1111-
1137 (1999)), thus contributing to the uptake of these transferrin targeted nanocomplexes

+

even in cancer cells where TfR levels are not elevated. In suitable embodiments, the
nanocomplexes described herein employ an anti-transferrin receptor single chain anti-

body fragment (TfRscFv) as the targeting moiety (Haynes, B.F., et al, J. Immunol.



Surg. 23:430-433 (1994); Ponka, P. and Lok, C N.,

Intl. J. Biochem Cell Biol. 37:1111- 1137 (1999)).
wohoeonwms] the TfR recycl es during internali zaPCoOWS2006/041139

rapi dly devel oping cells swch as cancer cells (Ponka,

P. and Lok, C.N., Int'l. Bi ochem Cell Biol.
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(e TRk Somlaiisehd tonpRUChEibAER bRRineiRVAL %_ereedéﬁpe of the TfR

sui t_ait:)A EH‘EﬂbOdi ments, the nanoconpl exes descri
Tqragur oiroapclgpal; anfibady SEP r(Batrp.ebBptasrals iMfeaiar & Cellular

=hai ' T he.t eting .
oSS ookl D15 RLTEE s ok SRR s or
eftire 343, uBtargating Jipsomex toadancdvivetis whthreldrated| TR 18Vels: 1) the size of
1:Bi ol.o @ %200- 205 élQ %%). Tf RscFv_ contains the

R REP 4% KT Fuiduich gratitolg e tice T a1olectis G Hapeorche presntal Mab
1B5RDSC quBisgRe1iBYso | m&P R0y ion i
(3505 180 P kD 14 1 03Pl
small xppidlagign shiraggdstic. of fsabid Funtes 2dtharnzdles soFerhdshe practical

' | f i MBb, i - get. |
ologBBL P8 1 15l B P GO v 21 ot BREbRG. e srv
istshecanBigaimaslbels akd/nét28p1sE88 prddscimehT Sl they 5prE%§1)& A '&anger of

Tf, mol ecul e (80 kDa) or the parental Mab (15
2 pRienidal EoniamisdigR Y trgodcharpe pathagapst Huithowh hsiFe tegtoner the Mab,
the @R intiBdR l1:cani| i characteristic of . .
R el PpERlc bERRE bR %o IIRG T b (ain, R

argld Baxiengle. Tr,eCenced Rev. ¥AG032-I0221(UPBY)). oBlieht ArDBnti-THR single chain
aggessar flor the clinical tri aJcM& 3) .the_scFv is a

O JTISFRIC  FaP oBEASE i UrFSEnCUSIY) 30T Pad cptiphi lipysome-DNA
AddothPlg Pefs@tialy e ARRGS! ' cati
ncon(t) airan' naI?i%on by bl ood bor n(e&%a?hsggie)ﬁdsi&h% Pv%tetnﬁoﬁ?plﬁ%gon No.
2068/00441 60 Bm.lthet whb Melaenlirs Sdediche 7:723-734 (2001); Xu L, et al,

A, T P b o
WABIN 2R 2 4023r-(198E) hanoBufiplexBs dfbhs- ﬂv&tﬁéé&%{o@ cffkHcBd sensitivity

ntibody nol ecule can target an_ intravenously
a@o‘iﬁt‘?ﬁt@’f‘ &f demenmetssiases| ansodiagrosing ¢rapec dipdadinium, gadopentetate

. ) i . ts . | i shed Pat e
SRRy 41 55 W DO i
aghpidifor 6F; Fnd7 DF-2-80x 20 Mibro-Buglucoset(FBIG) alvblogfw dhging agents for
PIA%ncer 1Therap utics 1:337-346 (2002)). Encapsul ati n_%_

ikegh AT @Y O?Wé&“feﬁ*tt%?lﬁa% GEFALXIPWP Ona phetdingry skill in the art,
asRAEIDELIY BURS cOtF Rl Seend \@Hﬁ?gglt?% ?r%érﬁrt %B%%Qﬁgelog%% (e.g., for MRI,

sensitivi t}g/ and detection o t astases
CHi BEhoSPECEf etearrsar alsashd encapsulatedgwitbipethi eitatnoliposomes of the
' jne (Magnevist(r)), iopamdol, iron oxide; '
prgggg}l?%'vm&mogdi ne and saline imging agents for CT; and
[0033] 18F-Antibedyy -02- bhtited9- BaghesoSarddddOcattilc ofi}%’c%&ﬂe”%gﬂn?ﬁxes in
agents for PET, as well as any other current contras
acGyEfIceK HeinthiD TBYREtioR @edmade ybyski simmle ande efficient aon-chemical
?O?ﬁg-gtéﬁﬁ egg’]xg E)l’gg\’i‘x?(gl 1818 %@fﬁﬁw&g%‘ {he%esilreraa In? exa greenrtnix%sttogether
m a defined ratio and in a defined order (see, U.S. Published Patent Application

No. 2003/0044407). 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. The terms "immunocomplex,” "immunoliposome,"



CT, PET, SPECT, etc.) can also be encapsulated within

WO 5051-904L75%unol i posones of the present inventiocerys2006/041139
Anti b or antibody fragnent- targeted cationic

| i posonme conpl exes in acca@rdance with this invention

are made by a sinple and efficient non-chem cal
«.conj ugation nethogd j.n which the orrpo,nents of th
Rk EORRIIENCST o R IRRRAOTHIP | LROCIRH rfaBRlay’ gre used

intéRHadddaBlydRbh skt & @& 16 BRSoatibhie lipbsthds Ttk faidPinvention.
lication 2003/ 0044407) . The resul tant” conpl exes

App
[0034] ar e Eathewfaf wb@kv@t@gdy or amraatibedye dagment ham besugeil| tor make the

t r nt body f.ragnent . .
cof BIRRERF b oMbt gl "o BE o Aot Bt is wsed
Prefbiablye ties antiumy mrgmk éxXa' smglmumlmpﬁagﬁem ofc@Bh@ody. One
nanoconp i mi unonanocorrpl posone

prefempt aihbogy & Wswii-T i weredor 28 1‘}°4§’fﬁ“§@gﬁé@ﬂeﬂ entifeqdyr fragment
is %18 %ﬂebé‘s% LA %Cdll &gﬁécl taﬁﬁb@ fsﬁ%lt%ﬁé eclﬂfrllﬂﬁ monoclonal
0 f v iy

Ei t her e ant | y or ant’i
antn:lmdybfs GER (st erg.k dia;h:e, BdFrpIeexm’s 'WThatdetegizatiore if a)rMonoclonal

[ I di dy f t i
gt (R, fof FE0 o gapafr SO SHESP ATEPR AR cCeh Ao
Imfnhﬁmmf 391 3@1?1@@1) Iy, I 1Nes Br. e@ﬁ{gl@&la%pmgﬂa{mkﬁs Bireoted at
anti - Tf R nonocl onal ant ody and a preferred antib

thef Hagmnl‘ranﬁer@ng Raopption Ledtaining nPsepddmarfar Exotwxih o ar Dlphthena

A?HP'&‘FRQ&@ ‘#Et@ga{n% ﬁ'f%k%An’u fﬂgﬁﬁ g gfgg% M8 115200-2205

(1991‘1) athé/ﬁfsol@htﬁe@d)f vé‘lilt:h badiyicérpbited Iatin B@fréiﬁﬁ‘hc@ H&leEdFv based on
arface Antigen of Cell Activation,
SER ;_ﬂ?méa Y ggBiaing gha pompleiq antibpdy binding site’ fosﬂl#g IeEﬁQH?aP’fh the TR

tg T I
el RBL POAIR 4 S e o R AT Il olcutr i

26 DDthAhemFa iF Govied b&rmlnné'd:fﬁ%gﬁh)a cBE@Gncmln &H and VL variable domains

DT388; Ant i - Cel | 11: 2200 2205
fmfnlgfﬁ}leavy'h@“ﬁ ek Buipsegemehintonviben ARISPRIAElY edpsigned linker
peptRIeS WhidhYbridzbe ﬂﬁr@—@érrmﬂh Sty hRasesiafr re&dn %ﬁ& 'I\b—@éiiﬁﬁmus of the

contains the conplete anti body binding site for
secepilt wgered s eitleer MR linkeroYhi ozédeykcmVE Mijptizes paefsxrergamlbody is

N N TN T

bas\é&loara@l a\ih-}v@mzabdmcdﬁﬁaarnﬂaoﬁyom the heavy and |ight
hai ns,. respectively, with an a pl‘g?l‘l atel y desi gned

[003s] | nmmﬁbbtqna@dlwts@ﬁ pFielGaRoietyds aldedrinthes-tepminyseof the scFv.
Alﬁlb d%ﬁ n figx}slﬁ}gjil rl‘.g/ hket) n%,? ]? éh[ﬁa gocggteme which

pro&rctas iae(’reqmu&lgdrybgroap,t mby) dyhanse ﬂre fanmttdﬂEFf “tRe tmnplek dedieen the

e 35, B AR R 1 o 200N 1Rl o
the cysteine, the protein can be expressed in E.coli inclusion bodies and then refolded to
produce the antibody fragment in active form.

[0036] Unless it is desired to use a sterically stabilized immunoliposome in the formation
of the complex, a first step in making the complex comprises mixing a cationic liposome
or combination of liposomes or small polymer with the antibody or antibody fragment of
choice (see Examples herein and in U.S. Published Patent Application
No. 2003/0044407). A wide variety of cationic liposomes are useful in the preparation of



[0035] In suitable enbodinents, a cysteine noiety is
added to the Cterm nus of the scFv. Although not

waoi2edTioatpst o be bound by theory, it is believedrChals2d0bhe41139
cystei ne, which provides aléree sul fhydryl group, may
enhance the formation of the conpl ex between the

e A s RvenhEE: PORBAR A AR HLA GRU25320 describes the

pfeyalaBbh Of sdvdel RARS H;t)&@ﬁleb eEﬁQ&ﬁf)E§ §F@esirﬁbl€ 1%85dmes include those
i ncl usi on bodi es and then refol ded produce the

thaht qosetiset pagweinte iof @z@tqovlénm@ﬁmMmme]n phosphgtei (DOTAP) and
d%?e%#r!P%%?;ghauﬁ?l%gﬁn%%mi%c ?@Qfggﬁégg&g ]Sc‘etstrg&]f gchloﬁoso mixture of

dﬂf@éﬁhﬁ@oﬁﬁde@ﬂ’ﬁﬂn@?ﬁuﬁpﬂﬂ@m&@$DmAZB)rEﬂldaDQPEI /¥ chol. The ratio of
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ﬂw lnds frm Bnvagdy aprimier ﬂ@cﬁfﬁmﬁmﬁ/g%mtal@r ofcthe |ﬂ¢%ar(es1@@ molecule
fcﬁgg??%%ﬁi% ﬁa{r%grbegg el] 88%3?89%{% ké{p g&nglg%esg 1xtg¥e of one or more

catmmniolipids Iamiamermsmalreenamf ot hle]pet fhigider e@aieaﬁratﬂm ratfd b€ cationic

68 559357 e belp R ERe B P g e (hola Tatio).
[0037] cati gRb GrdsbRAFRNES aﬁé%ﬂ&h&& ot té}s&bd eidRid pRYSBREST delivery of
i ncl ude those that conprise ure of

inggging agants. i Heitabld polymetsiare @NAM@ G&Dﬁmjpolamdrs that are capable

ofi hloqd %g%ﬁfl\? h(ﬁﬁo]%)a;jci[log 9 noI ag] e(i%%DE)ldosome release. A preferred

peliynet ﬁybdlryemmdaﬁyharrmmumbﬁn @Jmﬁlﬁsré RiAR)e Fgsih I Protamine and
gnd/% chol. The ratio of the |ipids can be varied to

oFMingdendffeEs: ency of uptake of the therapeutic
[0038] lerI e¢HL Gnfitayt &earﬁﬂgg&y ﬁi‘a%}m'éﬁtr R&neChhich tvylﬁeom&- I?@ the surface of the

i posonme can - conprise a of one
tacget icolh and| prpfeﬁ@batuda osveptor thad nedrf&u&ntmlly expfe@e@ @hn the target cell.
ble ratio of atlorch I
t

Theé &fﬂi?téﬂdyo?r i’fé}bﬁ f;algmeat gs)mluge%awgh § c%tb%%:dgsgsome or polymer at
rdon t@hRhtMrd add at2d pﬁcﬂﬁh ?)1& &tioOh the Q9 ofl. E’cﬁ)ul? rle{@fbt about 1:40

i nvention al so pr ovid or tar et ed cationic ners
CE) oajelpir@ﬁemypOdJYIn¢rrratgcp mghag%xgs of alsmtloalbl ) kibl ymelasradmoaa

di h
o I RN R

incabRa % . rodmptediRidiad mla/rmsrtllﬁan@al yfetiigl epédliynfor about 10-15
O her useful polyners. include 8’8 ysi ne, prot am ne and
|

Hwt% herb i W@‘tﬂ@n’érmﬁ‘@ﬂswm[l@o apPRiéc andiagaesficopgent of choice.

T e e
hpcmorqa:t inclutlh zgeness higghf feteentar awdlght eDNAe@ﬁanDNﬁe) plasmid DNA,

tar el | antib dy r antibody.fra rrent
§ ofeankatis, POMES FBBSBRe. JRCli agr GRelERESIRNA and

aﬂtfsm%§ awmegaﬁelegt 1rﬁ‘mﬁﬁ6iﬁ§d1ﬂ£t ﬂgp bgediat | Isfatélﬁg g ules and
of about 0 to about 1:4 or ‘a protéin polyner
chegnipal dgantshdPrefargd tmambb@mdl)echleﬁs incdud® ganeg rept@dting p53, Rb94 or
Apgptﬁnq)RB% 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 or an siRNA molecule, such as a HER-2 antisense
or siRNA molecule. A third type of preferred agent is a diagnostic imaging agent, such as

an MRI imaging agent, such as a Gd-DTPA agent. Additional imaging agents include,



[0039] The anti body or antibody fragnent and the

i posone or polyner are allowed to i ncubate at room
woenp@aasur e for a short period of tinme, typicaCrustmes/041139

about 10-15 m nutes, then-ghe mxture is mxed with a

t herapeutic or di agnosti c agent of choice. Exanples of

t hera eutlc nol ecu or agents which can be conpl exed
DirTe Rt it i Padald Wbsméﬂtﬁmq dimsglyanae (th@g?st@)) iopamidol,
irdR loRfde} BArik)
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cREPLEHER of R ROPL 2 PabARe? SpiHwP reguitoher apBm constiutve
pﬁh&&pk@ﬁab@ﬁ'ﬂﬁﬁoﬂ@@ﬁﬂ%ﬁ%éﬁg p53, Rb94 or Apoptin.
is a variant of the retinobl astona tunor

RB94
[0040] 5y ppihe gutibagemy, anl!lb@@!’ ﬁﬁm@x@dmsomatconmweﬁ is mixed with the

S| lls o n anot her .preferred
ﬁé%%&g?rrgﬁtdm&tnhe ager &}tsa 5%1 At h‘felf?gge i ﬂ%ﬁbérlé)ofq 420 (ug of
agent:-amoki GNtalbligid) |oe 1:BMEd 18 ?Maé’erﬁﬁﬁﬂo?@@? €otdl polymer) and

mol ecule. Athird type of preferred agent is a

. si R
11’3{1%'\'%0& TR0 SEIPREFHE At 2 shoeh persochef Nimpe, i fyRigakhy about 10 to 15

oSS TR 9508 TR AR ) T o 000
ngad oppasired by dyvimedghiroaterfidagsivgyi Malvely Zeiasiparsoo) ,

i ron.oxide:;. bariu odi ne andsllnei agents .
(00411 ¢ o fa;dne a?%baf@‘ﬁ ’Qtn%fetbﬁ}m?nppﬂro% IPWOQ‘P%E%‘% % hoEplex is a
‘st@ﬂi&aﬂﬁf st e ipdgang. SSfeﬁF:alEEs-Eabl ifedt llﬂﬁ)sélgﬁg %re 1 o@c’)\}ﬁes 1nto which a
such _as the coding region: p53, can osit ed

hydserhili¢ heobaners ol sugh eﬁSstPEGg mbﬁ(i-lethyﬂacvﬁlqor acid}, er or poly(n-

B O e S M bR Bt i P g can e

pasii¢tlarth arstfd r\&]pmutcbmpﬁke(ﬂl\ﬂl@ﬂ(lﬁérhﬁetﬁge&t d?égn@st{catagéhté Nas they
t he range of abouf 1:10 to (ng. of agentnnoleé

OPIGRLY 25 BPH)’Ieanedlﬁ?L@ the 1110% Stragndfr}; ﬁtyerqtlcnhomcwmhal system as
qdlélélﬁlaspé}leyé@ﬁﬁafrﬂg %@E&H@é ﬁ'%lt vk %%Wbe%e) s(%r Al Lérﬁeedf 0P make a

short period about
steriqally @gabll'ﬁhé lmozmne)ﬁ:omblexldfﬂbes pmeerﬁaﬁﬁér@énl thetor@érCol thiking the

n nge of  a t 50-400 . nm as neasured b
an%ﬂ@h% S etonts e ingBPIHE aad (B (raveret 85 Mirgrostic agent is
re&%&l b8 QHd brdep s&TBrtR AR MR ﬁl@lf st&ﬂ”asca'tlgﬂﬁri@ ?&ﬁn {rst mixed

i posone used to formthe conplex I's a steri
W%li amigrapcatic jor Wirgoasic agent iscddstijbedtaboit btz e dati mahe mage of about

1.?(5 fo 2\6 Qggﬁ?gérg{rﬁlq\i\ggf 5]')13% hi tlgx? 1|p|85|) %x '?s" lag({rﬁra so?utlon of a PEG
poﬂmhgr(ml spipysiqlygiasityydaeptasie bt tﬂéaﬁéﬁillﬁnﬁﬁﬁblutlon is incubated at

i nt eI%rat ed. Such nodjfied Iiposonmes can

ToQRFIRReFRlY {or fEme Putfipient f@@HﬁWéh@ golyen tQ m@w@ dntp @mhposome
cofipRGN OBRd &tﬁ%ﬁ?t&? rmétg%dg/hﬁt%ﬁee\ﬁ? l[eht% ali %411%dewgﬁglﬁ %ﬁbﬂlzed liposome

fromthe bl oo I'cul"oendo
cogpdaxeatiragm temperature and at a protein:lipid ratio in the range of about 1:5 to about

1:30 (w:w).

[0042] . The liposomal or polymer complexes prepared in accordance with the present
invention can be formulated as a pharmacologically acceptable formulation for in vivo
administration. The complexes can be combined with a pharmacologically compatible

vehicle or carrier. The compositions can be formulated, for example, for intravenous



qui ckly as are conparabl e |iposones that have not been

so nodi fied. To nmake a sterically stabilized |iposone
woanplexsof t he present invention, the order oPCWiUS2WG/041139

the anti body or antibody f+Hyment, the |iposone and

the therapeutic or diagnostic agent is reversed from

SR 2% H 80 bR 6 e b b Bt pn b Blfpentic o
8380866 i dle UL HE th@scoﬁﬁﬁéid' | Predcorkves ate ﬁzéﬁhpﬁo¢ﬁht&19%o that they
rawe of about 10 to 20 (ng of agentnnole

e pdliglyibuted tﬂlmtghputpdm b&dy ﬁaﬂamw iy. sdminisipationf AlleE@tively, the
Qé}hs%l?)?gs c'aﬂ b2 d%p)égﬂeﬁ lv?e%t%%] 1{)01;/1 g é’% ﬁ&%ﬁét?at{&ﬁ&%ﬁc aﬂ% Eg%gtumoral an,

ant solution is room

frmmlealohalmﬂl_s)ufzﬁdr@ﬂaﬂi,ntpefo@taﬁbdnﬁyv éﬂd@sd@@icy MRypidad intramuscular (IM),
| ntegrat e into the | |§osome conpl ex. The anti body

el g (D) gl e, iatrapesisos A, fanashgND; Hisacereberal (IC)
O I Aat
b RO SRRy AR T HIRRRA U Fotlflaipsfor delivery via such

he@0ds, wndjiecli{edP4@ihg suckhmethodn semedl] kmovpoinythe art.

conpl gxes pr.e are in accordance with the present
100431 {1 b oY G BHTGEH o FER S SR HE RSP B pyody fragment-
ASERRL BPORnicO(dUpSIneP) & the ﬁ\éﬁtﬁ’@ aBG dn§1ERE :99 adﬂﬁﬁstered to
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iR dy pp apfibady; fransat-taeded Hperomers Rodwayer eanmriores gvhich contain a

huc“f%c 3 91'1(5) fr%t W'h] 5361 RiFeal i ’Tﬁé %gnfprf@(egclﬁﬂl %ﬁaﬁgﬁl% target and

el 1vere routes o mnistrati
semsiting r‘autnmonaﬂls ( badth, prmnalqal @8l anethstftid ) tunmes, o$@l radiation and/or

er cut an endoscqpic, topical, intramuscular (IM,
aml}ﬂilbeé?mﬁ? %]E foyiro; aﬂgr”é&’)’@%l ar (10), intraperitoneal
[0044] (1 P), The\édrap1eR&dl can! ) optinfibdPfo8 i 08 Rl1 tgq!ucqm@digh the choice and ratio
subcut aneous adm ni stration. Preparation of

ololimds, dhe watio of @ntibledy wanylbvdmfrggmentrteﬂmome dhelratio of antibody or

T S NN A—

ztuh@oay] bt heibydy Gagmehi ddicrbpcatioeniiaghastic @gdedtl posone
pol ymer) and therapeutic agent conpl exes are

[0045] ag:n niisner b adirmenty thet targghesils geheancriesallsy Alifaigh any tissue havmg
§
FIBARELL] ey SQPERED ) ! kOB RO Bfc, b

melypdingt oglyobdastymes) c ecervGeale tingy afiverf ofipusardomes frhalmbngfosarcoma

G, SACer 5 ban b BCCRIDLL Shed b L0 SN SR e coloet

&dngé}ggfg%ugﬁblgggﬁggr conpl exes which contain a nucleic

aci d encodi ng p53 or RB94. The conpl exes can

[0046] speci T]ilq;@pmglex@rlg@de byidhe method of this invention also can be used to target
non-tumor cells for delivery of a therapeutic molecule or any nucleic acid. While any
normal cell can be a target, preferred cells are dendritic cells, endothelial cells of the
blood vessels, lung cells, breast cells, bone marrow cells, thymus cells and liver cells.
Undesirable, but benign, cells can be targeted, such as benign prostatic hyperplasia cells,

over-active thyroid cells, lipoma cells, and cells relating to autoimmune diseases, such as



sensitize tunor cells, both primary and netastatic

tunors, to radiation and/or chenotherapy both in vitro
wanw7ioa7esivo. [ 0044] The conpl exes can be opti FRCTAS2(06/041139

target cell type through t-i8 -choi ce and rati o of

l'ipids, the ratio of anti body or antibody fragnment to

B Ao b Eef PR s e B hOR ] s, sauamons

Bedplhile mAGkISE d@éen@fhh'ohodbﬁ‘dﬁfvaﬁﬂldrbﬂgéésé rﬁaﬂaeglcaaﬁease such as
therapeutlc or dlagnostlc agent. [0045] In one

z‘élzb@men@dltseasc,wb@laﬁlg@@d@mhl@ are cancer cells.
[0047] ﬁletg c%‘?ﬁ’le% aﬂ? b aé(dn? glsﬁ%éd %‘%%}nb? l{)ng&lﬁﬁw oftfer therapeutic

nec reast, pr OS

mnﬁm,aetubn as aﬂwr ﬁ,radlﬂt@drutﬂé:aﬂgeﬁ| dr @bérﬂ&h@ﬂipeutﬁeig‘éh@ dhe therapeutic
lung, liver, 1|i posarcona r habdonyosar conma,

(ERHERPIED AT GOMBINAHRT S JReraPUEE | trreB et oFR, bopdminisiored before or
t I I
A5RERK 0,0, RLELERILIR) SSELS) cERHER Pl rgw 12 b o
abethbdaysf CGhehwthanaentic aperdd mwludenfobexansme, doxotdrige; 5-fluorouracil

t unor cel r eIive eutic | ec
R0y mtacio: el SGse 2 ARDTraE AL el Phe " (O Rz,
PeRlcBREL vREAsBihe etop&dids (VPA 6§l eddeptdthécis, eédtﬁomycm-p mitoxantrone
endot helial cells of the blood vessels, | ung cCel

a@ﬂeragomzz@nl% Redinsionwthetepics/batmentshinelude gamima adintion (¥'Cs), X-
gsv e dciatl Lﬁn dl%%%&@?é’ﬁ% e*fe%‘r th%rlcglﬁsmo%gl il C@é’l lgier s, Additional

Pget ed SUth Bni g’ prosta

thstapeutic tagMﬁs ineYtdeischatiehdlsculds, peptides; @er;t&ms and tmaikies
relating tq autoi mune di seases such_asB_cells
[0048] p o Jiagnastis 18 AmRAEINE, ¢8ete @lsoncas, be defivered tg pﬁaggeted cells via the

u LY ¥
Ao e SRR RO g s

ase, fFeur o
wed elatemhmgehblasthﬁughemmm teferdio sagaats, whigh maasheadamted hesualized,

I|ke The co | exes can. pe. adni ni st ered
UG RO i NG BURH fEaisEEion: Pl gy fr detecting,

\Hﬁlaﬁkﬁl@ QEnaél ﬁélﬁ“o%ér@ﬁl gl RAbIR YndAMmaSiAg HREME LAPRL kfown in the art
agent apeuti ¢ treatments, or a conbination of

anldendp@m thIC exatrredc,rmmcgl lnmmgfelchcamﬂuos@se«rré dmiagingr (flugrimeters) or
SR RS et PhcRiash) WEG TR ibing, Yingle photon
doligi®t befippedidntog@gainit SPBOT) Yektnided magnaiiletonance i 1mag1ng (MRD),
doxorubi cin, 5-fluorouracil (5FU), cisplatin

et @F“%@M@TEF@‘F%) C. ggeW&bPWTE‘GEWRPKeg) jomography (CD), |
(@gﬁrrtlpl) 12 g'%;tf)% \ﬁid}? Iﬁlrs%’g ? aﬁ%ﬁﬁ%ﬁ%egia%%/l}ﬁg@ dla(%nostlc agents include

digctrony cdemsé; 1Raitiials) onrdnherraqvgneaé t resdnmacd s mragingde agents and

A EP ROt o o RPN EA DS ok FHREME Fis ggiiosotopes of copper,

A | iQ8Rk, thetiane uhd Qec%ﬁ@t'ﬁhﬁ ineﬁhﬁgels&asaleé 4, €T, €8, T,
peptldgs proteins and t
Ga or MRI agents such as a Gd DTPA agent, gadolinium, or Magnevist®

(Gadopentetate Dimeglumine) (Mag) (Berlex Imaging, Montville, NJ). Imaging agents
disclosed by Low et al. in U.S. Patent 5,688,488, incorporated herein by reference, are
useful in the present invention. Additional imaging agents include, but are not limited to,
iopamidol (e.g., ISOVUE®, Regional Health Limited, Aukland, AU), iron oxide; barium,



[ 0048] Diagnostic or inmaging agents al so can be
delivered to targeted cells via the |iposone or
weoaborrarosconpl exes. The terns "di agnosti c agenPeT/uazd6/041139
"imagi ng agents" are used. ift erchangeably throughout
to refer to agents which can be detected, visualized,
_imaged or observed in vivo follow ng adm ni stration.
idieapdasalingrinagies agegts 198 (de entg F-4risear3-Fuar-Drafignss 4FPG) and
' i stic and i maging agents are wel |
© ﬁ%mgﬁqﬁrg%%gtsgﬁ)?ggﬁd i nclude, for exanple, optical
[0049] | magiThy couphexas niddecinemcertancarsgihnthe (hkthod i afethisr myemron can be
bi ol umi nescent i magi ng, .pQsitron.eni.ssi on.tonography .. .
PRl S S o Re sR 8RO TRk AR AR Y cagmosic
R BRI doplpixT)Si8EBRNR%an FBAPALL, Gn 5§HPAEANGRable containers (or
I magi ng (MRI'), x-ray, radionucleoti de i magi ng (e.qg.,
ig aamsingbea wentajner)o ithe t i somen gheaphiibgdeTrr aptibady tHagment, and the
aut or adi ography, etc.).and the like.. Ex I . e
irsrngs of Segae a5t ThEEompatI S pemEoRuRls supile condicions n
thd &pro Bfdef ah@ Sematigeredne g Fzgieag @nthén aeasonable period of time,
radi ophar naceuti cal s. Radi onuclides_useful for imagin

genehilEorabrsl Xonbpés to pbews gdoursy gﬁri PieRaratioR; (e kit Co%lponents
B T 00 SPLE0 T 4y i

s6XtiBT Phrag eriferapigdatd dommlated Magteeild switen-for-injection, along with

(Gadaopent et at e Di_negl uni ne Mag) (Berlex | maging,
anmpwﬁe|b@§964ﬁa?smql%ﬂ§i°ﬁatf§'§}5ﬁ{\§> %‘scl osed by Low et al.
in U S Patent 5,688,488, incorporated herein by
reference, are useful in the present invention.
Addi ti onal imaging agents include, but are not limted
to, iopamdol (e.g., |ISOVUE(r), Regional Health
Li mted, Aukland, AU), iron oxide; bariumiodi ne and
Blap§YalioPahdDeRRPbEIM AdingHgemd d
18FI-)2- deoxy- 2-f | uor of-sl}@{ ucose (FDG .and ot her i nagi n%
[0050] agentls ewtaupEmbodgoys, %ﬁ‘e PEQREP dwesitipm geroyides cationic lTiposomal
3 | 113 ohBSMLIA% 8RR thSnterior of th
FFERALARARH b A BhphDhS hOUSRb8B80 dhtacrioror e
lipekond€r yecopkaimed hedthfpeuttiec hydrdeaaberos chain mokgion| eofbythe  bilayer,
the_conplex. Suitable kits_can conprise, in sepagrate i
compleRsasoaiatedi it G (et RUAT RRETNRIHr4F oA i mteraction or

chERRIPEFaldnd qn@%ﬁlbﬂg %or% cBRbidagy Jir 8B tall &N ehekd ossibilities.
t I ag be

erapeutic or ostic agent. The conponents can )
Sviitebly, thedomaging pgdnts vl diet ¢rpapsulated iathap pheo pri¢riareof the liposome
or.der and %drr}ni s.tereddiﬂg a pati ert W thin a
2d/RL arepiated Yt FHDBF ,0“85%‘%”8 PVt rom about 30
[0051] M Nut£syded hek) ithe2drhOttisanosfié Bfenpy" @A Mividgdils agBRB" kéfer to agents
conponents preferably are provided as solutions, or as

vehtirle darp bodeteeied.CombiRRth timagechon elsarvied 18 apigt follawingy sgministration.
L
inspRlgahdehis s tadddphagemieaticad. c. Radionuclides useful for imaging include
radioisotopes of copper, gallium, indium, rhenium, and technetium, including isotopes
$4Cy, ¥’Cu, ', m1e, Ga or 8Ga. MRI agents such as a gadolinium, Gd-DTPA
agent, or Magnevist® (Gadopentetate Dimeglumine) (Mag) (Berlex Imaging, Montville,
NJ). Imaging agents disclosed by Low et al. in U.S. Patent 5,688,488, incorporated

herein by reference, are also useful in the present invention. Additional imaging agents



Encapsul ati on and Delivery of Imagi ng Agents [0050] In
certain enbodi nents, the present invention provides
woabi7marasi| i posonal conpl exes wherein one or NBCE/US2006/041139
I magi ng agents are encapsuj@ated within the interior of
the |iposone, contained within the hydrocarbon chain
region of the bilayer, conplexed/associafed with the

inichider buh ayeorotolnise ﬁmri@p%rp@pl (esg. ISOMUE stRegienal Health Limited,
A t. 40t
AR OB 9K FR ol SEARH A BF s a2

d@idyt-@eﬁhyro-l)kgéudoﬁa@l)@) agenha 1Malging@e1ﬁl ¢ PRT. at ed
wthin the |nt§r| or of the |iposone a (?/or associ at ed
[0052] \j  hASndssariRGd AfdIte rimBge: a&%ﬁ%l%ﬁ/él"ltq{b@?i?l’s alateds cqgntained or
I [ [
SRR ads3fial o, B IHARIRD RufAaR BF (R Broplf 1 ifon by simply
mixiggahé pecior nvegehgorg adeaty wabl the liposomeb dhhngvlprtgcessmg Suitable

iR el e B SOmPlOR: UGN delBeiHi e the ondinariy
ST kB ROPH! Sapfit, IRGLADBALIBERY b6 & hﬂi%@&he RUfpI 98 suitably
ra

useful for imging include | ol sot opes of copper,
mg thel tamge of redouind). 1rifeioi ahout D38 dotgnimaging agentl pg hpgsome) more

%g Og Sﬁ%@ a’ Oﬁ&(ﬁjsléﬂl’lg ﬁrpg%g]z %ﬁ?ﬁ%7l—%gﬁ({5016n§} or a%%ut 1:21 (mg

@?egpent etate Di meglum ne) (Mag) (Berlex
V%gg%éﬁ%)hlpg | magi ng agents di scl osed by
[0053] Low dis alescribed Uﬂﬁou@’@h&ntex&nﬁﬁa@ 4988des'mabhtr pxaﬁaMedllposomes for
erein by referepce, are also.u ul resent
dPliNFEYERGRSUlBAR OF JMasng gty i %@‘é‘{‘r‘t £1}°r°1%| ‘&ec TRpRiSe, ftmixture of
dﬁ@éoyﬁtnﬂleﬂﬁﬂ’mﬁﬁ Ahﬂxp}]?ﬁuk a@)‘snbﬁjé?é (HOTAP) ahS DIy Iphospleid9RBanolamine

th Limted, , 1ron OXIde arium
GDGBEheandfmi dwldsteeol, (rﬂngl)n gmdg@ nnsctmrgroii:ﬁlmethﬂdm@ﬁdzcylammomum

isgOAY O Bpatt R RaRs et R %QSéthﬁ%%aﬂgbe varied to

oﬁtﬁlﬁfﬂe&h@%ﬁicﬁéﬂc&&ﬂ hiypta@B¢ Qﬂﬂﬁél irﬂ&%ﬂg aS&its. aTRe F@éome can comprise a
conpl exed/ associ ated with the Iiposone conpl exes of

mikare PE SBA LT i MY MRABRCHPids wpd ongi o Mgra AeitsheT dielnrlipids. A
t h |

SKRHT RS Bt "W 6P SROTSor HERDE IBRSEST Wl 1105,

pﬁfﬁabl@aﬁbhtyl (le2pmlmertiby Ekemples ofi gatiok pf Skmdnisdn‘blds useful in the

artisa For exanp e ratio of ng agents to
pxqcss%ﬂ%e e%ﬁ%ﬁ}té&verlg%mcr% Rutiare Wém&%g}e of about
gAto aboubo@AP/BEPENY | MAgi Q) -AGEI N rralil |
|IpOS nmore suitably about 1:14 to about 1:28 (ng

i madgiipB agent DYAB/PBOPEe), or aboul miol@raiiery i magi ng

age l'ipo . 53] As descyjbe th.oughout,
exa%‘?gg of d:@ﬁméggati onic Ii p{sé&‘}?ﬂ

del lM@Dy/ encagsgn‘mpycggblof i magi ng pgmﬂ&rhﬁ@l ude those
that conprise a mxture of

i

=

LipE DDAB/Chol 1:1 molar ratio
LipG DOTAP/DOPE/Chol 2:1:1 molar ratio
LipH DDAB/DOPE/Chol 2:1:1 molar ratio
(DOTAP = dioleoyltrimethylaminnonium phosphate, DDAB =

dimethyldioctadecylammonium bromide; DOPE = dioleoylphosphatidylethanolamine;
chol = cholesterol). |



di ol eoyl tri met hyl anmoni um phosphat e ( DOTAP) and
di ol eoyl phosphati dyl et hanol am ne (DOPE) and/ or
wohal7agtasiol (chol); and a m xture of PCT/US2006/041139
di met hyl di oct adecyl anmoni umdor oni de (DDAB) and DOPE
and/or chol. The ratio of the lipids can be varied to
optim ze the efficiency of uptake of the inmaging
[0054] agent B orEhembddposdniiic pagsestonpent®a povidss methody oﬁmepzmng imaging

5 bl e i hihs ity SaelhfeliEry fpigths gRnfSotiposome
é&hﬁléﬂs mpiRing reﬂdriﬁg%santlbﬁdﬁbf) HﬁtlﬂodS/Q‘ra%n%ht mixin Tg the antibody

referablf\; about (1-2) (nolar ratio Iﬁ) l'es o
Plapptghodyf fregmend u@ﬂn |ap1:aﬂ@nu:s &pogome tq @mpraa@attm@@ ﬂnmun@lposome

LS5 LR om0 AT S8 o o cutoic

hipdsamer aﬂid mitihg (heDBﬁBIuD(ﬂﬁEuﬁloﬁpmﬂinw witRbhe ok ol imaging agents to
AP/ Ch 1:1 nmplar ratio Li EDDAB/ChoI 1: 1 nol ar
5pithe Elilt dicsr APHbRssE et Jargsted alioc FpBolinogeme complex.

[0055] DDAB/ @aﬁa%hb%d&nelqtm tﬂa@Eﬂf Qra%lgqﬁga single chain Fv fragment, for

di ol eoyl tri1 met hyl am nnoni um phospha
manqﬂhyaldlmttmheﬁeyﬁrarrmptqmmhgbnnw mcFv) or an anti-HER-2

BraL s BRp bR aheft, ERamBls ot WAt igs fretignin preparing the
inihs@id Agnt-BERYi SRS céfﬁﬁnﬁ&ﬁﬁrnﬁﬁolﬁfo@&ﬁéé A@ ded@Hedtherein, and include,

agent - conpri si ng anti bod or anti body
mEdgivent - t arfet ed cdwﬂmt@mz@hﬂmmﬂm@%m coPppphets with
an y ody ag ;
SPIBEAO RS ELIRLkIERA0 STUhDGEY, 5RBLRLY g 2O"Rres  of
diatetigiidiocthd pyameortiomf inbmide ewthi dmﬂabylphiﬂkpﬁﬂhdﬁ@ﬁh@mﬂ&amine and/or
ody or antibody_ fragnment is not

t ) ti
‘Yﬂ ee'eglu &%g%ﬂ bgata@abfe%v PhenHRPd AFagmenty s Biked A the cationic
BosbR8 dtherA@tihank gaﬂgwwohpq WMok 19408 v@.gva ;’fBrfSrm a cationic

I'magi ng agents to formthe antibody- or ant
inraydiposemae. g etugably a thicocrtionicnimmoholposame ic anpédwith the imaging

bI d dy f
5Pl Bt T TR 2SI ! 9T, e

b SRR LR I kP E@f%néon%ﬁ@i%ﬂ%o&r 1:21 (mg

@lagiiy 4g2bt: pghp(gyoﬂﬁ;)for use in preparing the inmaging
agent - conpr|3|ng cationic inmunol i posones are
[0056] descrExmnplner imagingaagenisriaclyde thase desgribed derein and known in the art.

g’l-'ll&!b?}g)ﬂ]lé ﬁfldﬁ%iﬁ@eﬁ{%%'m %Qgc‘iﬁg %%&ty\étfcﬁ as gadolinium, gadopentetate
dimeglumine, iopamidol (e.g., ISOVUE®, Regional Health Limited, Aukland, AU), or
iron oxide; barium, iodine and saline imaging agents for CT; and '*F-2-deoxy-2-fluoro-D-
glucose (FDG) and other imaging agents for PET.

[0057]- In additional embodiments, the methods and immunoliposome complexes of the
present invention further comprise mixing the cationic immunoliposome with a peptide
comprising the K[K(H)KKK]5-K(H)KKC (HoKC or HK) (SEQ ID NO: 1) peptide. The
HoKC peptide carries a terminal cysteine to permit conjugation to a maleimide group.
Thus, when the HoKC peptide is used, the liposome formulations also suitable include N-
maleimide-phenylbutyrate-DOPE (MPB-DOPE) at 0.1 to 50 molar percent of total lipid,

more preferably 1-10 molar percent of total lipid, most preferably 5 molar percent of total



di ol eoyl phosphati dyl et hanol am ne and/ or chol esterol;
and m xtures of dinethyl di octadecyl ammoni um brom de
woi2od7/0d798l eoyl phosphat i dyl et hanol am ne and/ or PCT/US2006/041139
chol esterol. Suitably thejantibody or antibody
fragnent is mxed with the cationic |iposome at a
ratio in the range of about 1:20 to about 1:40 (w
lipido Tloy HoE Cdliptosomesare prapatsidi o proneushoidsenbad/(Yu Ne et al. Enhanced

b SRS RO TR o R AR s o

ind 1G58 BF 2 FILBdNsitVE HidtlgResligolyine paptidabNyclaio AkidslRédearch 32,
to about 1:28 (ng inagi ng agent ng |iposome), or about

e48 (2004)ky i magi ng agent : | i posone). [0056] Exenplary
[0058] kno%@f&gﬁpteg}btoﬁﬁ%éhq eth% rﬁé&%{lﬂ m{lﬁ&? %r&g%eg'n%u;ﬁg&iy or antibody
ﬁdﬁﬁient-tm@tétg cagﬂmt mnﬁumdhmswgadoﬂnpfuxmmgmknm atceti@tie liposome,

di megl um ne amdol (e.g., | SOVUE(r |on al

ani3alipedy of emvbeéy %A&%Flgnal d o) or 1gpre; lmaémsﬂg B, Bl the antibody
h ibod
r 5 ST A AR AR e Gy, Tho sty
or agdihody fnagm@mls qlmaslxz] askoriatadiivtitbothel lipnsbodi vie snsinterdgtion (e.g.,

elffmﬁf\?gt%{q‘? OV%QSC{?:‘C % Erolg)ga ﬁf ;'}F %ag yte %)g?{gg ﬂ‘{%ga%ﬁgﬁbtbetween the
eht and et hﬁﬁoﬁl@!fmltablyngeﬁvbﬁl a cystein residue on

anh[K H)KKK]5 QEHH) KKC (HoKC or. HK) (SEQ I D NO
thpapttiods or m@qdamgp@pt adiethe ippsomae pirfags. n%n@nel@i» Stlmkgor spacer

t | [
m%l%cﬁ%l% 38R Y Ul 8 Bl A6 Ren MR P I and the
lipgk&rae.s UThabinaging cdgediés)Noml de nindapsuiiten yithirt yheabaidﬁp&iposome
( B-D(PE) at. 0.1 to_ 50 no] ar rcent .of. total lip
oSV i B A HPOD AR LR IABR Eaumic Jpefons gpgiated with an
mE%ﬁ% RS RS R Y of f1Rlc3fiole 'Ilﬁ@fﬂ)tmé)%r by @éﬂﬂhﬁhﬁ’on fﬁ@&of Suitably,
|1 posones are prepared as previously describ
th¢ Yetjoriy 1ramuabhp0Emma81 obthetpresest mntmn akfundpmaly 1c11fosames (ie a

e I I|vred r-tar munol i popl.ex
sifgfe | HEVG9: Gl BEBENe PRIl KRy sBRRIHoncentri
biRlEdOt S hIRE Héeﬁgeldde&lgl@ lbﬁhys‘erpé‘ah@ﬁlc%ﬁ&icﬂ 0SodnesdB the present
(2004)). [0058] In a t her enbodinent, the present
mwm@mcpmnp@ mm@@raﬁuwé glumsy ingritichagyts (e.g., imaging agents) can

f : a% 1at % a4 a‘ijsoC ﬁwe a Eﬁgfénﬁlla{ygﬁ?ﬁlg@l dﬁ‘%@ Ih?&l%éarbon chain

acatronic 0SO

regi@hl(b@;jmeflfp&gﬂmm regajm%fah@hmﬂs)mr\ﬁncmltqe@anmgmg agents) can

wherein the anti body or anti body fragnent is ni)t . ,

becgpardinggd- | Ip pdspiy 28EHS (-1 HRAgRS PEFLY PR %S%W@ exqf,gr associated

Wﬁﬂtehtﬁad%r Yot Nht RO AERURPLnd/Sr e bGRt YaoR96! 8t 8 liposome
I pésome via an i'nteraction (e.

membrane ¢s¢.athiedieadgroupl sagiotadf the Ipidspt g Vnmclmtqgem:}@agq ipteraction

betv%]é %?et %gge{tlr\]/teﬁ/ g}?afrge%’] }mggeﬂhgve aegre]nttshand the positively charged cationic

liposomes. In further embodiments, agents (e.g., imaging agents) can be
encapsulated/associated/complexed in any or all of these regions of the cationic
immunoliposome complexes of the present invention.

[0059] In a still further embodiment, the present invention provides methods of imaging
an organ or a tissue in a patient comprising administering the imaging agent-comprising

cationic immunoliposome complexes of the present invention to the patient prior to



anti body or antibody fragnent and the |iposone,
sui tably between a cystein residue on the antibody or
wanvi7matgi f ragnent and the |iposonme surface. | RCT/US2006/041139
general, a linker or spacer 8m)I ecule (e.g., a polyner
or other nolecule) is not used to attach the
anti bodies and the |iposone. The inmagi ng agent(s) can
ﬁmfcﬁmm&ﬂllﬁtagﬂlgw T imrhitneolipasonoa bmnb]epescxmebe administered via any
ontai ned .wi.th a hydrocarbgon chain regj
f‘aSFF muée IlPﬁB@Bﬁeb‘Yt 2 Gaitet o TnpemaNs d&ﬂé}ralorop&ﬂ gfa inhalation,
g ahnt Hﬁe&ﬁ% QR FuthbRP SPPE inj 9&10%” Mnﬁ?ﬁéﬁh!ﬂatﬂm nln] ection,
thereof Sui t'abl'y, the cationic i'nminol | posones of
ptrepariiondah V@R |1ujecta01e imianasak| (IN) innqwgn,nmstre(qcukar ﬁO) mJectlon
sin e tho hrrutllarrel SOnMes
Bl RaLOCE Y diont 8h Mk Biss AR dped Borpin B AT Bl Sptudes born
Slimd] Satihlsqy.er, n@ﬁiﬁuﬁﬁh(indnﬁl’ﬁbﬂ@ ShdHPRIVIE, Scaflf ploBSshBER %&n)t as well as

i nventi on conprise an i nterior agueous vof une I n Whl ch

higaanss Methgd arriggeing tisgesstod paens e welt pewn & the.art and include,

ﬁngxocar on C a:%%r%d""': lﬁéﬁi‘@%ﬁhlﬁgwﬁg{ ﬁ%}l% ?nelgthg#ke Any

ﬁ)ésué beorighip llﬂ@ﬂ)atld’mt \mhi Bhinggedtising ﬁlegnethodmidl’b@nmmt 8] the present
can pe caopta addl I on, age e g., Imaging
ByeHto éawpiye% oWﬁB ¢ taastis dizan vﬁnt e ippRGESpany. over-
Q@R&se&ﬂ%ﬁﬁ‘@%&@éﬂ@c@ﬂﬁé RRiPr the outer nonol ayer
of th posone nenbrane (i~e., the headgroup region

[0060] of t hBuitabhy, db$ metheds, ok ite mesﬂmange:nuhlar@e uett &r anageom cancerous

ﬁ%@%’fﬁ%gﬁt&egﬁﬁﬁﬁgéﬁgﬁ, 0%2)? ed eliérg erI - qr;]r{(jgrtoﬁg ssui€that can be

DidpediuiBipt the MORIBHS dfethe predeﬂiaﬁiv@ﬂtlcﬁg antisde Sl Benors, as well as
encapsul at ed/ associ at ed/ conpl exed in any or all of
meglasie degianss Tore mpthodwef BapeesPRnyiAItiopsss isocdistiieaish sancerous

Régégﬁmﬁrntgﬁ_%?ﬁcér&yse@ gp}ltsfsgeg%] In a still further

nvent i on provi des net hods of

[0061] | magi Mg firthep fegfbddimens, tthe pregent Ainvinfied peovidesangthods slimaging and
adm nistering the i magi ng agent-conprising cationic

TR GY IR SREICC D PRGBS SHECTINg TP TePRediSROREH !P-offinee comprising

ABinRting the RihhShelBBRT doft thurl &5@ f th t
fsnml}no | gos%me %oﬁpa%exes? anﬂ%e adm @St ered gX%fn%/ © prosel
hhssmtioado nmagethei tnmlon tissug, andiadnmuistetingiah @dtitcancer agent to the patient

{ g%gnous ﬁg V% oral, topical, via inhalation,
JUPPLPSsEBy ) |nJection intratunoral (1T)
[0062] | Nj ECEkfpled 'a)‘ffaﬁﬁﬁtfaﬂﬁér ddeBds thRi 84t behdnifisteddie dchRe Bt are not
(D?) injection, intranasal (IN) injection, i ntraocul ar

fmgpd tqﬁrefdt m@heculeﬁ,t prateinsnpeptides, @pd chereethereneutisragenil guch as those
ERUIER: ASeltChREl Clalip e, CALMRANIENT 8CLHAR POl Bremplary

1 s % 8Uch as dogs,

éhii’lﬁxthd@a;@ﬁtlc Sdgeﬁts 111&111216) bﬁlS ae hbt hmli&dnﬁnsdoxbﬁﬂ)mSS fluorouracil
i magi ng tissues of patients are well known in the

(SHO) ey ubeDDBY dacelardt (FANQIHRRED; eeorcitabuifni (GEMZAR®),
okt ed B fhe, MBpokidBY/BY1 63NEhrh REthELKE acti¥¥nycin-D, mitoxantrone

and mitomycin C, and an antibody therapy, such as a monoclonal antibody, e.g.,
HERCEPTIN® (Genentech, San Francisco CA). Examples of antisense oligonucloetides
and siRNA molecules for use in the practice of the present invention include, but are not
limited to, those disclosed in U.S. Published Patent Application No. 2003/0044407 and
U.S. Patent Application No. 11/520,796, filed September 14, 2006, the disclosures of



tissue or organ in a patient can be inmaged using the
nmet hods and conpl exes of the present invention. Sinply

woyoomdidsyi ng the targeting |igand on the |i poBOm@S2006/041139

[0063]

any overexpressed protein glr nol ecul e can be targeted.

[0060] Suitably, the netho d"of the present invention

are used to inage a cancerous tissue in a patient

cablh befhidh AredftorPbraidekbir&if A5 fdréhceGANBEF enfRAEE Qdditional anti-

tissues that can be imged using the nmethods of the

qeness agents mcdiic Raptidas Inueieing and mall mstleculess(sopsiei 2. 4. S. Provisional

éﬁ?&n@?\?ﬁﬁéa‘hoh%& @6/88&1?3 rfﬁg&]g/ﬁa I%f Zb(ghealﬁf §IM 352, fﬁled September
i nventron can i’ngui sh”cancerous ssues rom.

Honoo@ nbe disuksires 0 gagh of whmhsare {r2ofpblatéd hémt[rt beteference in their
nbodi t th t t d t hods of

SRR a5 o SRR el o, o
gflé SltlsBibe o %{RNRr ehedh PS8t ’wﬁfiﬁlﬁ%ﬁtl&gmggposome that
m ni stering the | magi ng- agent conpri si ng

dlsoneongirisps tenmagongpageng or of cztrhbze feles et separataty,i edthet m a different

J mage..the runor ti sue g?admnltsterlg)?lan . .

igholipesogte H’géﬁ‘i"f giee h‘%ﬁb q Brpeqt oy ent vig fpgther carrier or

de'lﬁéﬂyesysi[eﬁp@f%} RAAPR, 9F BfecBb lof %&Y&iotﬁ&ﬁﬁ@&ctﬂ@tn@ﬁﬁl clinical
eadmnlsteredlnclude ut are not limted to smal

sigidasda)- es, proteins, peptides, and chenptherapeutic

0eT BB S5, AR Ry, meion come

adhﬁﬁli@tfehﬂg apeinimanalfrdime |dnﬁ:ipﬂmkecolbprt1s1ﬁg ennodagingraged (e.g, MRI
doxor ubi CI n, g?fl uor our aci | , cisplatin

p@aag)ag%%lé A% &P PFRWEQ@‘?%IWIH%@HWP&WFF@“’PGEMW different

- #ihddG.ePafe! BhPI& andihd Q%@h? EhiBe g9bRROHE I8mE Wi Cf B} different times).

[0064]

[0065]

canpt of heci n, actl nonycin-D, nTtoxantrone an
Sritablyy teranG- camnet agendd advadisterdte eithpy befare lor agtenthe imaging agent-

%Dg&%g%gﬁg{%%g) %ﬁ?gﬂggwg eés '(_E$ & g f]?gul( ge{c])(reentore %Rér at least 6

1Rk OsuTsie | 0p atbL @ le@QtdlZShd%%%é'foeQﬁLhﬂ%ﬁ at RastBChdls bB®re or after, at
practice of t he present invention i ncl ude, but are not

Ipasti4Sehours beforsser aftets | aiee adininistragon pefpthes patipnizs frppmnoliposome

I at 0 0] n e
GBI W T BN, AP D B s »
tisoge ¢ aqlatisny affe@ingafibmodanedti c'dn fuiidet DOAPHSY adlﬁﬁnstenng radiation

her ei n bé]@r eference in their entireties. Additional
tggetment B paigint s i ncl ude peptides, proteins and

srral I . ViSL O

| APBMCEskt f  hlcy ofif (54 OO FRLER, sncs, aman
rﬁﬁ)lbaﬂds,, PbERein,i peptidSs pintsdnes oligonu2le0Bdest dresiBNGG | ebsuaek timing for
of .each. of. whi ch are incorporated. hepein fere
RiniiRG o rbrros, SHE Brined Helosh of SEHG I i besed on
BRRRRERCEGRAHE GeRILRd TR leadiB) SRilkEle iHRAE aﬂr rtmermore such
antisense or siRNA etc.) can be associated w't

amaungdan hemsum@te]drqug@qmpolh’mg from experiments performed on ammals e.g.,

mouse, rat, dog or other studies.

Exemplary benefits of utilizing the nanoimmunolipoosme complexes of the
present invention (scL and scL-HoKC) to encapsulate and delivery imaging agents
include higher concentration in cancer tissues due to the tumor targeting nature of the
complexes. As the complex accumulates in cancer cells, there is differentiation of

vascular flow and diffusion into interstitial space (as seen with the non-complexed free



al so conprises the inmagi ng agent, or it can be
delivered separately, either in a different
wonmratdsposone i n accordance with the present PCT/US2006/041139

i nvention, or via another caprier or delivery system

(for exanple, IV injection of a chenotherapeutic per

normal clinical standards). [0063] In suitable

EnpEEg AEISas etheentiytin ade lrofhetdimlq)rfb:menanqenvmiﬁ@nnagmg There is

3&% ﬁf% g]ﬂl%(ii g}]h ince I&lgll}]tn% C%g?ﬁll' VE eﬁlgn pp%gaoeg#eeﬁgg.‘nﬁéeragéﬁqlar and tissue

halltf fhfa?pegﬂm pelayal ahapifs WGk URE REMplcass o@@h@ﬂ%éséﬁt%ﬂ%nhon The

agent at different tinmes (i.e., the conplex and t

aaéaleX%Saaﬁl @ée%?dﬁéﬁnbﬁ userbiogapage tisses efinterest atfvraenoem depths

tinmes agent i . .
100661y mrapiey it #ikocs, AL POpIeG RS i BiRio fugpigg. result not only in

egfentabsigndl Sn rlllye timarmbli ges greates defheion dfeh intebl structure of the

| east hour fore orﬂgﬁter at |l east 6 hours before

Bimags- dore sienificantly, smaflss tamprstgnbeetegtedeleading tp @adier detection
gdd hey ﬁﬁpﬁﬁr@&’ &pBhseAfuk-filal. aThe's@ %ﬁfnpﬂﬁe@ Qéﬁ ﬁlsg 8Ls6a ¥ distinguish
after, etc., admnistration of e cat

bm grhpogbgnant oagilex) Thlls thelpisitd Iaccfa]m‘aﬂee*.he dBd:lSldn reanélen to begin

KRB Rt MRS T g e maticieits BRGH conppprice it i not

&d'tﬂlmllﬁtl@rmm@ﬂaﬁﬂlcﬁtt hé tHeREVERNkink® thg CcRRSILRRL of this invention
?64 App%%frlate dosages of the anti-cancer agents
Pr@ entlal:lﬁe Heeeifigallyy dfpmstecs fampr msilac llihléswopldota@onse‘rve as a
l. r e )
S50 65, oPORIBRIEE, Ot LOSRE|FOR D s B ol are s
ohatignanties dr mpt.t hdhesedhststkiol points dréef @aﬂlculw&?lﬁﬁhnce in lung and
i nformati on contained herein and that is rea
%%fqagaf"ﬂw% the art. Furthernore, such anobunts can be
[0067] esti MBk&@shilY ©ptd 8Pkt ﬂﬂa%ﬂié’ @818% ' Es%dptﬁr LS BBfe imaging
on animal's, "e’g., nouse, og or er studr es.
@mesqmmngaccangleb@r@the 9raséntunvdn|tmn ng:ludtff; In pancreatic cancer, early

I es .of the prese i,nvention
SR R R RBRE o R A iF v A S crrve her agphanetastatc
digeist $o lllmfg|su oRsdifieHtivn @@M@ﬁif rﬁl‘hh@ﬁhry "hoﬁﬁl%g &k ﬁénfg?lu&smahgnant
due to the tunpr targeting nature of” the conpl exes
?lﬁ@lf@aﬂm ek small dpeal aress of inweased M%eﬂnhsncemat @ breast as bemgn or
ntiati on of vascular flow and diffusion into

Interstitial space (as seen with the non-conpl exed

[0068] fr eei Tﬂmgcmmnlamrﬂfsthaqoresemr BRetion Bl b8 ub&B o LddFirk) that, using
5} .cancer specific. img |nngiThere is also

delivanerarme %e%gﬁn%w kel entes pafisait gﬁ’ﬁmﬁc cancer cells. That
i) 06 53 Uat (PP ind ASTHEh Ebﬁl }éﬁe%@xje abl { enter cells provides

pern1ts del ayed 1 nagi ng us exes o
gor xlégation rihatndélnery mehcmpwtmxgmeami asﬂaelh agantc assdeiated with the

c%%lp(fexes of HIH %resterlltsi%\lrjeen 1on Wi 1 ais%re% etr tl?etse \S/I?erckfo ucsanggr cte{]lsS

[0069] It will be readily apparent to one of ordinary skill in the relevant arts that other

suitable modifications and adaptations to the methods and applications described herein
may be made without departing from the scope of the invention or any embodiment
thereof. Having now described the present invention in detail, the same will be more
clearly understood by reference to the following examples, which are included herewith

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



[0066] Thus, the nmethods and conpl exes of the present
invention result not only in enhanced signal in the

wouoarro479sut al so greater definition of the intecnals2006/041139
structure of the tunors. @gﬁg significantly, smaller
tunors can be detected leading to earlier detection
and thus inproved response/survival. These conpl exes
can also be used to di sEkagiplell beni gn from mal i gnant
nodul es. This hel ps to accelerate the decision on when
to begin treatnent. rrentl this s delayed to
Hewupakinpsome Gonwlexss Soapres ge%lnce it is not
certain if is malignant or not. However, since the
T@@ﬁﬁﬂéﬁ@%“@ﬂ“ﬁﬂis invention preferentially and
specifically transfect tunor cells, this would al so
serv&aklingsconfirmati on of mal i gnancy, for exanple if
the small nodul es seen_ on_ | CT_are

un smal | . .
[0070] mal i dheman banrbeblagic lepkeia qekisking Ke0p Biasodtaiped fpm the Lombardi

(F%B%Jﬁéﬁlé@g é%ngg}] é%d;}énPﬁs "ChidRg BRABRRE rﬁf'%&% E%S%B%&{ cells were

mpl ary fypes of cancer |magi g pro

ragidrard dd RBMIISE0 chipplemented gyitty 10%eleat doagivesd iBS plus 2 mM L-
conpl.exes of th resent. i nvention include, i .
Gaffera: fd SQHEAR 5B (3F BENELE oFr RIS and psopyci Human
Jah QLGN EAREL cAPRRE €8Pi-1 SobBHel VirdE LEPEC Watissas, VA) was derived

metastatic disease to | ungs; classificati on of ' .
femh iatraetystaid avoneraycineay bE heqanpriens. dhwas mawtaiggraint Iscov's Modified

|.assificagti.on of Il f ﬁﬂ r f e :
éﬂﬁ%ﬁ%’ & n&ﬁ?‘hlf“ﬁl b?oéjg%q%mgs eni gg'égﬁl‘?anngl{l? g%ﬁt b i gﬂ%/g]Blcarbonate’
shpflefrefial exes20% hdieHpatcERbvatddy BBS] amM alp-Glhtamitke and 50 pg/mL
used to confirmthat, using this delivery system

ceple 04 penieillin, gRpoTICI and Rk FIMFLPIOSIHE Epsey fellline DUL4S
(%kg MG VXE Has 'oﬁﬁintaﬁg dbaeda ft(flﬁta 1686n 1RO bfﬁr[\ gf a patient with

ent’-conprising conpFexes are able to enter c _ _
Widespremismetasthtivicareihoma of Hetproehte vie mas ofainthieed peMiniocnum Essential

Vg upr vt Serle noa e EAEENE prpnigtaedivih 1P BRutR s pius L-
%g{gﬁ{ﬁ?e Ldnﬁbojigggg%bobé_ will be readily apparent to
ne of or

Inary skill in the relevant arts that other

sui tabl e nodi fications and adaptations to the nethods

and aNpidcomplesdorgase i bed herein may be nmade wit hout

" departing fromthe scope of the invention or any =
[0071] ermbodCatimic tiprseme(DOAAR PRI W agesenarashly thresthspekiaipction method

I nvention.in.detail 1 . .
L
i1 C A R 1drTCdnesleThdrescmics :3BB34PYRED2Y dse difclosures of each of which
illustration only and are not intended to be [imti

BP Ingneperpipd rher%m?éz%@ﬁ?fﬁnéeh Whsnddivepas ai?émé% P&WUQX@ it complex
SR RIngh 9. YRAR&\idShtical to that previously described (see U.S. Published Patent
Application No. 2003/0044407). To encapsulate the imaging agent for in vitro use, the

TfRscFv was mixed with the liposome at a specific ratio and incubated at room
temperature for 10 minutes. Magnevist® was added to this solution, mixed and again
incubated at room temperature for 10 minutes. When stored at 2-8°C the complex is
stable for at least 8 days, as determined by size measurements using a Malvern Zetasizer
3000H. The cumulants (Z average) average of measurements over this time frame is

112.3 + 4.67 (S.E.) while the polydispersity (representing the reproducibility of the values



Materials and Methods Cell lines [0070] Human
| ynphobl astic | eukem a cell |ine K562 was obtai ned
wonramoutes1 Lonbar di Conpr ehensi ve Cancer Cent er PCTAS2®6/041139
Culture core facility. These_suspension cells were
mai ntained in RPM| 640 suppl enmented with 10% Heat
I nactivated FBS plus 2 mM Ld utam ne, and 50 ng/mn
dedeg repeatreaisy i (. 1145 + QtOﬂeétr@ﬂga:m@cm’c@blﬁ siBeR/OF the ndnaegmplexes is

HANGEERY0% B05 G SEkdor) s GRBTOD R BAPERELLERIY about 100 to

nassas erive roma ne

560l ano Far Gi mﬁffatrarisfédnenpanﬂrcﬁ“a&nnhtﬁe&aﬁedmm a;dﬂedi td khe complex
I.scov's di fied Dul becco’'s Medi_.um cont ai ni ng

PHOGHQ FraRRrOANEOISg S hgrtosplere s @@aﬁql éhd ﬁ%ﬂ oﬁultnhg imaging

<O Ee ) 0k RSB A CRURAT) 1 B o o0
taHbOsg Eﬂiwatte léaa&:@' Llpelwmb,l mest[ﬁuitahflﬁ 1(mg' @Baging agent to 0.71 pug

DRI g P oo MR Cebg o A vio e

d§;ﬁf&bﬂ@§&d@éd tohAgil escahtPationlof 995 Mal nt ained in
M ni nrum Essential Mediumwi th Earle's salts (EVEM

supplenented with 10% heat inactivated FBS pl us
LgI ulakitre TeRsfedinn bodi es as above. Nanocon'pl ex

Formati on &e 071] Cationic I&osome ( DOTAP: DOPE) was
[0072] pr epdiedipnsiect ﬁ@p@tsm%ﬂlls|lﬁ§ t1i58h0 neslls da aatswtqbrvehmmgf $.0 ml of

8555 LS SRR thnBus FRLL SRR PRLER! £A0RMAAY) WrdBtaced into a

100 emabsstie csltuke dBH- B ngPA0RY tiahﬁ'edhcﬁﬁéo@tﬁiﬁheﬁomfabe%; ftontaining
of . whi ch are orporated herein by reference). We
R RVt W A R M i AU g

t |
muﬁaeag g{) 3'ny;¢ﬁ§gh %e%ﬂeén @ckiﬂg f?f:’g{%:’lgﬁgtﬁb of uﬁ%g%y%gﬁg% %%@ults section

(uEthé?fhap@uafmr evhi¢hethe Wa](lﬂ Wgreag’eﬂly pebeted (O0PKg for nmuutesb @t 4°C in

f F . ith th '
0P 45T SIRSFR T et ™ pBE B B O P B Ststunt: ree medium to
réthdvé 2y exbBG Randfedtioh sol@ion afd rhcéPon Webics ahtiltihRBed.
m xed and again i ncubated at roomtenperature for 10

mnutes. Wien stored at 2-8C the conplex is stable fqr
at |éla§’tv08wa§réfar%?§naeterm ned by size measurements
a Mal vern Zetasizer 3000H The cumulants (Z

[0073] _aver %@eyssavethﬁg@n@r selestive dengating of dthe t HiRsclv-hip hergeemplex to
P 1:1‘13%?1 and mefaséta% Qﬁn&s%a%@tﬂ&?tbﬂlle?gﬁ%#&% IREcP ?.\Eﬁélg él&maﬁ gpancreatlc

resenting the re he va
c:ma:peabll doenGiPains] Bad4fsed.OSEiRutafet @ genogfafinamegt alfl €@aPan-1 were

S i L SO S8 S OO AL FRE Glealorgl suspended in

l\ﬁﬁ?ﬂg@ﬂﬂ Q@llég@n basement membrane matrix (BD Biosciences). Approximately eight
weeks later the tumors were harvested and a single cell suspension of the tumor was
prepared. 1.2-1.5 x10’ cells, also suspended in Matrigel™ were injected into the
surgically exposed pancreas of female athymic nude mice. Five weeks post-surgery, the
complex carrying the LacZ gene was iv. injected 3X over 24hrs (at 40 pg
DNA/injection). 60 hrs later the animals were sacrificed and examined for the presence of
metastases and organs stained for B-galactosidase expression using a previously described
procedure (Xu, L., et al., Human Gene Therapy 10:2941-2952 (1999)).



500 nm For in vitro transfection, 2 ml of serumfree
nmedi a was added to the conplex prior to transfection.

woeano7ia798i vo use the conplex is formed at a raPCo/US2006/041139

[0074]

[0075]

1ng i magi ng agent to 0.33- 31_7 ng TfRscFv to 10-35 ny
Li posone (suitably 1ng i maging agent to 0.5 to 1.0 ng
TfRScFv to 14-28 ny Li posone, nost suitably 1ng

I mgiMBIlagegihgto 0. 71 ng TfRscFv to 2 1 ng Li posone)

usi ng the above procedure. When prepared for in vivo

use, E@Xid as®o VIMRI aideigihd, othe &élhalellewniemiicacentirifige tubes were
5% In_Vitro Transfection [0072] To.transfect

noskigand jabih ‘?:@Plllt§r RE&3e megpet. JhecMiR dmpging Wast parfoppied it Howard

e
ligholy Tl L3 MDA SNBBRLAIRTV g SEEbREKAT . To
imaghigrmombe]h coiisigh ofrh nufltiishiee ﬁ‘ilazvmglﬁedl Fmn esln:d muagmg feqoence and a

ST Rt RE T drap Bl [ty b it tion time

@R) 321000 HIS% |t§e e8I ithee f(PE) e 1rmet IIfhé’letvl’e‘fiEhted spin-echo
glven in the Results section (up to 90 mn), after

inhigoig tt’»ﬂemv@l was applied tpevarify theepasitivedniage gly&gmf:@nem The saturation-

m nut e r n

R P B hifPie G OG0 ol AF hdBET ) Mihoprgment. The

sfh%m@h‘iek@@y o€ XBRES WasanShat TherRE ebiltengloyddvaal #6edraningle loop
ice untjl imaged._In Vivo Tunpr Targe

073 .
cPél a8s @chlh@r‘felﬁr?ﬁ endd] wansnyiges HyEeesive- i i’l : elguqse Wl‘s a selective
ST InRSs‘I‘rE: pis® TRNAGHR! B HrhQ BhdodRlY st%%?wg?b%tﬂé field-of-view was

unors, - an orthotopl c retastases no usi ng hunman
ﬁamnr rdbinmcincmnagealda dhionen MatBantutlywees locéad at the center of the RF

GEH o RG] BHRI) TG THALR PEDyF A GBar B Sros P irceton of the
fRentifigd tibe SYRPRA fi the '&H rdetiel whinl 2 @eh! BBEFange of the multi-
basenment nenbrane nafri x BD Bi osci ences) .

shisp ioREeFeconEry the ghole\mlalkts hatcemtelt ﬁ@etlmﬁmsS whioghgwere not influenced

WA TPRER AR Sl BB RRRROoR 1 AR el Tpundcy, were

LNﬁszed gl (théNstutldse The) iekice dnteRbity tvhas seigtaiabliyg akposatin Image
gancreas of femal e at h¥m c hude mce. Five weeks

prssises spfiguay., Thandgead iplaken deom ¢i rggioptaf-intgiest, Jdvich isdg enough to
oy, ) B8 e ol Sk iR o Bl o
Ifrmansmbe qff tee pelitoffromet thedeasuims awereonpydlied firacomthst @nhancement

al.act osi.d reSS|on using a previously
lPBéﬂ‘i 2@9‘8 EI L., et al, Human Gene Therapy
10 298dr &%5?11 @A»%%ﬁ&mdv%ldenaéurﬁ@ CaPAA] Jr@otdpic 68 or DU145

MRl imaging, the cell pellets in mcrocentrifuge tubes
subcetaneous xenograft tumors were employed The CaPan-1 tumors were induced as

described above. DU145 tumors were induced by the subcutaneous inoculation of 7x10°
cells in Matrigel. These studies were performed at Georgetown Uni\}ersity. Animals to be
imaged were anesthetized and placed in a proprietary, in-house designed, animal
management system. This system incorporates a warm water heating system that
maintains the temperature at 37°C, as well as a four channel thermal optical monitoring
system used to monitor animal's skin temperature, ambient temperature and wall
temperature of the device. For imaging, anesthesia was induced using isoflurane at 4%,

with the remaining gas comprised of a 66% oxygen and 30% nitrous oxide mixture.



positioned at the center of the magnet. The MR inmagi ng
wo 2048l f ormed at Howard University using a scrisS2006/041139

hori zontal bore NMR nachine (Varian Inc, Palo Ato,

CA). The imagi ng protocot®4econsist of a nulti-slice TI

- wei ght ed spin echo i magi ng sequence and a

MR SRR MBS BAOTER dro b RS UL SiBger eascous
cofBtiorR Jx@ ere e WnitrbBiEotidéhs NS lﬁiéﬁ)estﬂi&?zeabnﬁﬁdl@ms%smoned

I n-echo 1 magi ng techni que was applied to verify t
mspgsoﬁ pveylindeiepd emiablec equaTies @a@nﬁmman@nn@&wbrcygwsonator

e r I
VOI?%‘as(fJOrl anﬁ”tthxtlefihl% A Illégr ﬁ%{hegﬁye oL I%lnr%%eg 308 M%l?gthe resonant
fredimciRiof caitér raoRbulyedhemsutdedQo il REtbgsth 007 mlal) Tﬂ'chﬁnaglng
RF coil serves as an RF transnitter and.recejver,

profgeob ypadewan §1-weightedciyrhe Ra\lRE (epibagaisition it %ﬁ%hancemenﬂ
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performed using an Hitachi S-4300 field-emission microscope at NIST. Of particular

interest to applications of SEM to NDA imaging is a comparison of upper and lower

| secondary electron detectors [SE(U) and SE(L)} -- using the SEM in its usual mode -- to
the addition of a transmitted electron (TE) detector, transforming the instrument into a
low voltage STEM.
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conpl et e nanoconpl ex consisting of a tunor-targeting
R&ungl e-chain transferrin receptor protein coating the

| i posone- encapsul ated conpl ex, TfRscFv-Lip-Mg, were
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werg€gthgnized and necropsied to look for tumor in the pancreas and other organs. As
shown in Figure 1A, extensive tumor growth is evident throughout the pancreas. The
same tumor nodule in the liver indicated by an arrow in 1A exhibits intense p-
galactosidase expression in 1B. 1A = gross necropsy; 1A = tissues after staining for B-
galactosidase. Metastases were present in various organs in four of five mice including

the spleen, liver, lung, adrenal gland and even within the diaphragm. This experiment was

repeated with similar results.
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In vitro Studies Using TfRscFv-Lip Complex to Deliver Magnevist®
[0080] As Magnevist® is one of the most frequently employed contrast agent in the clinic,
it was chosen as for use in these studies. In these initial experiments, it was examined
whether the complex could be prepared with Magnevist® and if doing so would enhance
the MRI signal. Since trypsinization could lead to membrane damage and leakage of
contrast agent from the cells, adherent cells were not employed in these studies. Instead, a
human Iymphoblastic leukemia cell line, K562, which grows as a suspension culture was

used. Moreover, gentle pelleting and washing of the cells would remove any excess
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Table 1: Relative Intensity and T1 Relaxation Time as a Function of Magnevist® in the

Immunoliposome Complex

Dose of Contrast Agent Relative Intensity ~ T1 (seconds)

(mM/kg)

0.05 (0.25 pl) 293 + 50 143 +0.007




contrast agent fromthe cells, adherent cells were not
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Immunliposome Complexed 662 + 52 1.40 £ 0.004

Magnevist®

In Vivo Image Enhancement With TfRscFv-Lip-Mag

[0084] The above studies established that the nanocomplex could more efficiently image
tumor cells in vitro than Magnevist® alone. However, to have potential for clinical use,

the complex must exhibit a similar effect in vivo. The same human pancreatic cancer
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tumor growing through the site of the incision. A small abdominal mass was also detected
by palpation. Not only is the signal in the subéutaneous tumor more enhanced after
administration of the complexed Magnevist®, but what appears to be the small orthotopic
tumor (arrow) is evident in this scan and not in the one in which the animal received the
free Magnevist®. Similarly, increased definition and contrast are evident in the
subcutaneous DU145 tumor (Figure 3 C, 3F and 31) after injection with the TfRscFv-Lip-
Mag complex as compared to the free Magnevist®. Reconstruction and quantitation was

performed on the images in Figure 3 B, 3E and 3H and 3 C, 3F and 3I, representing the
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t and the Tf RscFv-Lj
SRS e S o A dishd wenghl oo 1 Be e 1hinevist over the
dssnd) &k fepoarell. Hdvesvel, 0dRiatn bﬂl{eairﬁ%ﬂlg),ﬁ é’ﬁ@"ﬂa?%@&hﬁér targeting
to confirmthat all of the nevi st from
W@V@r@n@x desplts aualb@l@wsmﬁweﬂ)lg mrthewmcre@emm gl antdnsity in both of

n e he t oS ® -
R R G N e R
incorgomitey wWitdd whe TIRScRe-ISpERRRY coﬁag&&Slheten&g efn anpﬁ‘dik%d tumor
Magnevi st (r) and nanoconpl ex-Mag in three separate

Vsedization ¥haw i vive giiedionaand ﬂPﬁY sregest dhg patengp hepefit of further
c{qﬂ%thﬂ%@aﬁ?foﬁuhﬁﬁ d%éé&ﬂbx’f?dr ciffiRb@afat i on of the
tunor ce the animal I's carrying a large
ort hotopi c tumor. The increased resolution and signal
i nt enBliysical @bareddenzatiod Stwdiehe contrast agent alone is
quite evident. Simlar results are observed in the
[0086] seconWhitouthe v thra sGakiemn-offetadmevidsimewthat reoRipdened Blagpevist® is

stcaPi el vishl' B B0 RS ariiR: BRB TRy R o and SPM)

Igdvie colfirh&e tHid 8hb if@ther Ah&iBlctiz@ PEENE MR 1eATBES) %STﬁisépv-Llp-Mag
detected by pal pation. Not only is the signal in th

&f-aneous tunor nore enhanced after adm nistrati on
of the conpl exed Magnevist(r), but what appears to be
t he s{a [ 1 ﬁggﬂ%t ig‘és&ﬂ@g)&qtﬁ tﬁ\%é@nﬁbﬁt@ev' dent in this

scan and not one e ani mal received
the f i I

0057 e 55 ABNEN. Sl I B RSB AEL A il
thimand ﬂﬁlsgmpbs 3{@;/ tidhk varids &ith taﬂinequej mjteaifhcenand substtdie effects --

Tf RscFv-Lip | ex .as conpared to the free
fegnaey Iasld s nﬁ?\‘,f‘&‘f“?%n aolien Pte the steistarakforces typical of

REMLRHARITRE id lbﬁtlémy&ue i Eie%ﬁceoish soﬁﬁsgl h #didRAucts nature.
C, 3F and 31

, representing thetwo ferent tunor
(odelid,, @ankr dardals cgfaﬁmedé@égéngméermgwp_itb’éi-m&é (2003)). So an

cancer .(DUL45)....1 n bot nst ances, I S.an . .

B Clnglag 91Rliee et of BiBRGEE et PREiaiRe fesimepsional and
1Q¥eianichE shdSRY | o isokfe®XRABOMEs iFOME\8dentisiekicp €BheOkoal of this
t he i magi ng, agent by the tunmor targeting nanoconpl ex

Ghamaglarization Bntoaperfsin dined escpging of (the meehanieal stiffaessnand magnetic
pctbg%ﬂlas 6{'1% dﬁé?ﬁlg% gbt ?%%thls fth%tqﬁi goﬁtk%gpéﬁﬁgp%ebﬁieg&%&?ned within

tha nmqqxartmlae&d\mlot kiintply hssodiatedcdkterhdllyositithe (I@tmin@es there

is a rovedtum)r visualization in an in
sit ugf IP%EPMawg% sy facs JgeesraptheIn,gpRing .naﬂded@hmliat@g the tip and

danfifed8F to which it is attached close to the cantilever resonance frequency. A feedback

[0088]

circuit maintains the oscillation of the cantilever at a constant amplitude. This constant
amplitude is given a by a set point which is somewhat smaller than that of the freely
oscillating cantilever. Since the SPM tip interacts with the surface through various small
forces, there is a phase shift between the cantilever excitation and its response at a given

point on the surface. For an inhomogeneous surface, the tip-surface interactions will vary



devel oping this neans of tunor detection for clinica

use. Physical Characterization Studies [0086] Wile
woheo7ia798it ro studi es of fered evidence that corprase®e6/041139

Magnevi st i s encapsul ated wjthin the |iposomne,

sophi sticated m croscopy techni ques (SEM and SPM have

confirmed this and further characterize (e.g. conplex

ascoding e siiﬁm Iéhargb,pstbﬁg topogrhmhical Ichahgmgiand mEchanical stiffness

YRR oA BY eAReRe by de 0 nd A Bt cogain features

re§joall ity 8bFerlo? mard@ﬂﬁpﬁﬂngt W BBP b &iBelatt s i nY ?ésb&'?se\@xfé&ted for a
techni que, but surface and substrate effects - surf

%ﬁ@ﬁgystamu@y pelit By & oimaspmig. -(Thet Bee dwnillatioe amplitude signal is
FRIATAER 1 70308 shAREE o SEMPHPR HBiASS T rih A ifcipteg fiposomes

Wigtoio payioad urgaowﬁ 0 Bigudd 4A-@LFigtive 4A0Wad Endpled Bt 9RBIGiERI of 1.68 V

Engi neering 31: 1279-1286 (2003)). .So an under standi ng

5¢ thg| qoalﬁﬁ@wgh%&at% iPhpsee fiffaronge drivemathgciubpiralp ragd liposome
|

ipeiSals MR BRSPS JBEAAR FESLAY foh dho Bposofl, BAH by a phase

Vtahwrdcﬁérdems dn thescats@obm ftoactivai memctlslemmd ﬁE_:gaﬁffe phese, the phase

.mechani stiffness a magnet i roperti

iR G 0 diRsors, ABBcean SR SR (R LORErRBRca iy disyed ging at the

lipod&iael &£ FaduRe B \Weinbhdiratdy&hd eﬂaﬁ%ﬂédﬁkﬁg@ﬁ%e@ Bbint to 1.45 V: The

sinply associated externally with the |iposones.

lipoe®B} MYWearBPNs hmsgte@n@mﬂxeamesarmﬁg datenahijori heqoappqugﬂswe and in
d cant

tﬂ?%ﬁ;e? ﬁ)%gﬁé 411?1%&'3 of)%fﬁre&lé gir?tl ROSOME an (g g%lhsgrﬁ%els% &egrees Finally,

HigmguenshowsAthbetdhsitke diff@thde ®Bbrdt@iana deh@oint of 1.35 V increases

oscillatigon of the cantilever at a constant anplitude.

fiprher, beseuimgt35958r¢%Sude is given a by a set point

whi ch is somewhat snaller than that of the freely

osci Ij at i ngp, g?%tdflh Bﬁne—%&ﬁﬁllﬁtg@% §t9 interacts

with the sur rough various s orces, there
[0089] | S 2 MAARSASE aﬁr&seﬁt%tmﬁ"aﬁd“ SERAGhdeS\Y ?ﬁs@ét%&tlﬁ; h&ﬁe-éﬂ&psulated
its response iven point on the surface
Magmmg élneﬁh@g)snmfoam@,clesh"éhd sipe distrfbatien iofi kmghdhprNBtg particles is
st ee

if Wi e P L6200 B, Gttt A Sefidn G g it Prtisel measurements that
iNdEdtat hanpayloat-cREPIRbEng BipdsORBYi 428 %}i\,@oﬁﬁltateﬁm 399 2Rfber than

observing how certain features respond'to softer or
lipgparaes alepsyindleir sohedend sebrel ate this with the

ousor | 250 RESAEES S B P17 e ShIALES 0PY eS8 comaining
Mqugmopst%vel aybitodsl évziri}acé\slsatﬁ UIRE erydig ﬁEMsﬂﬁ&%onkﬂM@than that of

i sql ated |.i posonmes w thout payl oad i
t%%ﬁm? ﬁlhprlgﬁl. swtagg qf a lm?cgfem@ contalEag peRguaadi{nog sbwn) The SPM

pRibelliot BferY markedly from that of payloadless liposomes, the outer ring is

repulsive relative to the center, and a corresponding 'SPM phase image is shown in

Figure SB. Regions of both attractive and repulsive tip-sample interaction appear at
moderate set point values. A correlation between the SPM phase image obtained at a set
point of 1.6 and the SEM image in TE mode is evident in Figures 5B and 5C. Liposomes
appear uniformly bright across the entire particle in SEM images (not shown), similar to
the uniform phase images we obtain by SPM. Tips and cantilevers change with time and

usage. Moreover, it is important to verify that the images produced are not affected by tip



and the correspondi ng negative phase difference

bet ween the substrate and |iposone indicates that the
woizp7aarsie i nteraction is attractive for the PCpPOS2v6/041139

given by a phase value of-38.5 degrees. In the case of

an attractive interaction and negative phase, the

phase. i mage of the I|poso app ark, except_.for 8 .
lfﬁfﬁb&ﬁ%ﬂ%c’i%f‘l’f?@éﬁtﬁn?u tHn uFu B% 8lre” Bé‘gi frequently. Since
eféh%b&ﬁle%@r gsegaﬁékﬁeﬁ‘tcﬁﬁ‘eﬂeﬂtewﬁﬁf&%ecpfto 8 desdnafcd ?@p@ﬁﬁes the set

point to 1.45 V. The |1 posone now appears bright Since
pdnht“suseqbarsﬁrgptee4|ant1émedlff¢mmecorres repul sive, and in

this case the phase difference bet ween the |i posone

d b ' N h
o0, S kgl BTSRRI S b 2,5 ohove
1.35 V th b +35 d
oo o R 5 AU B s v

al'fd gPRRaddestritdEneNbthod Meailth, M FEBigare0d A af@bBli@dicate that the
i posone- encapsul at ed I\/agnew st (Lip

smﬂepﬁalm uafergoesTplease jsgparaliagy, rioBeVFl rfzxempgqsmﬁ igolpfeg+NR§ can be
re%@% 98 gg%doc?ralﬁ% a ﬂ]ﬂ{]g]%t otfhatltgxg SHY b@%ﬂx%lll%gi?tc%ﬁ g@@gme damage

measur emen
td thetfilpayhiohd peﬂm&p iealdl Bd‘: repgatbdlp&smled sasraealahmsd)efomﬂaedtm damage

S BSheut b o ket PP Ll e ot
(Lquil\%%?j% 15k e éhhﬂ@%oﬁﬁssre%ﬁﬁ}aéﬂ EhsMREHBRY tekturinlz) of WY Giposome

surface shape after dr that is nore:
sm&qel folowirendrtyhnet is @bnilﬁentswwlp Ipeotglnl epaﬁuwmons Mg0aSEMTE images

B SEIR T AP BT s et PP posome

sERYWARHhE $BipHVRE) PaRElestih@esgUipBiretd BE tife ¢hRPE mAickamore variable.
relative to the center, and a correspondi ng SPMt%hase

Thisaigecdnsistenb whthi ﬁlGP{lg\Mﬁb&%@é H:Q@“@p% &t proteist Wlthln e liposome has
I ctl i on appear
gre(liéfb era el%s%e%ﬂoq;g#én?és\}g E&Oﬁ% Corp fF’t’ﬂedrgﬁ%betWeen
[0092] t Ee SR ppkébe to rmgzm aditidonad dlfaltmamo&eﬂoonthS:e NDSIpaticexdby using
the SEMinmage in TE node i.s evide Fj
tecmagneliss 4oRE8 TRISHRSSPPYIHPRERR] %?Pg? Pa ééffl%gﬁ\? h@ﬁ’ﬁ? Since the
ee%ﬁ In?cﬁ'ﬁeﬂtc € ghdb1nfM LR eB o WRlenSH®N, qfitdTdrsd, ftoshould be

e i mages we obtain by SPM "Ti ps and
possitle | esing sa cﬂnagr@ezed tIPMi tip Emdnﬂ@mg ewitivbtheovsented tMagnevist®

IS inportant. i f t e r odyced e

chienBh P P BE e LB 15 BOVHLE. FEDrE Bl T8 for MEM of
sERrAr hﬁiro;@ifhattél? FOOPZOO-EHMdeIh&@Iy n@ﬁ&o@ﬁﬁ@@@dBy using the lift-mode
fre entI Since each cantil ever is somewhat

reém thiet FPM s e extallished that dhe peadeecd, iagaer isi tlgdy magnetic in
S PR 5, G i i 58 s
obtained. The reference surface information is then used to offset the tip by a specified
height away from the surface and the surface is then scanned at this increased height. This
removes the influence of topography on the signal. MFM images obtained in lift-mode at
a height of 15 nm or more from the surface are given by the magnetic phase image. The
appearance of a signal confirms the presence of gadolinium encapsulated within the
complex. Figure 7A is an SPM topographic/magnetic phase image of the full TfRscFv-
Lip-Mag nanocomplex. The appearance of a double dipole-like signal in Figure 7B

consisting of attractive and repulsive in-plane magnetic interactions suggests that the



[0091] The conpl ete TfRscFv-Li p- Mag nanoconpl ex was
prepared and i maged by SEM and SPM as described in
wORITOd®S1 Resul ts, shown in Figure 6A and 6B i RATA&ALM®6/041139
that the solvent film under,goes phase separati on;
however, exanples of isol éégd NDS can be readily
observed on the dried film Note that the SEM beam
caheasf tisdatesasion Gerthed@imug ©rinototdidal fdistributiis oft Megnevist® within the
lﬁéétl cles can i'b(gat edly scanned several tines
W@S%@HWHB%@ BOUWRAISHGT Y, RI85¢ IMmages appear ance

of the full conplex is different fromthat of the
MikéurdivRg) only. The shape is |ess regular, and
consi derabl e texturing of the |iposone surface

[0093] foOll %e%sﬂfsyde@&iﬁeﬁ Hé?é"ﬁ' Héﬁl@ﬁkttra’f@ flt gr(e%ﬁ'eﬁc sulate and deliver the
denat ur ati on. I mages in cate t t he
ommmordseﬁlstlbomagiag wgbﬁtMegrevtshe toUtuaor me]ﬂugb@thdn vitro and in an

ofPlopls StmiL Mot BRI IR TR it ntspi Rt R iense image than

s¥éd Wwith ufcontplesed Blag@RgiBt ent with the view that the
presence of protein within the |iposone has altered

[0094] t he G\yrelgven duythigueladreconanoppraplerern 96 itke @mssmtglmvmtmn can target
nlqét é(’ge?%a %%a%g g{l)—xe}e&)y teﬁgé}%ﬁ%@t%&lﬁg S%F&ﬁk’@%% me{agtta ¢s. Using SEM
agggl\ﬁfmh it Haerbeen rdemﬁﬁsmy thatreig fﬁ‘g{maipolsbmb Qﬁn@ﬂext RRintains its

the gagnetic_ no
é%%wgsﬂ@aqﬁwg Nfg@}?ém%%’w@a&eﬁl@seoﬁ appgimately 100-200 nm
i bl I RO

a?éﬁ?‘é“}ﬁ%?ﬁﬁ%t%’ DG TROREY ERoritid Bt fhe struptural and

mpdchimipalt prepériipoeb lipesonith |centam1rgw\paylload Elreg sufficigdlndidferent from

tifog B MaroaiahY soneRs i esialist? iy fidiihoapsutated witn the
1@@&&% | Thik &s Fhrtidd QorSiMeld by MFRSiiishate E&ﬁfﬂe& he

roduced image is truly magnetic in nature. In th

[0095] rmde ,While aiotjshipsite be h‘ﬂg’é berﬂil@ fOlm\flﬁ&thepap @utﬁgatrmobetplanaﬁon for
tﬁeol?xgérﬁél%ﬂ’actlu?e 91{)(2%5 'M@ dér Gt { é@ﬁf g rtgg §§M topographic image,

matron |s
rqﬁamnfsl aeﬁpditﬁir@%onﬁ\md/ phise rﬁb}b&hﬁlcﬁu ﬁ%@dﬁnﬂd’tﬂ)ntdi& 8eisé dtRnevist®-
s. then scanned at th i ncreased height. This renpves

lipkbLorifyl fuHE RV Gm 478 &PFRPISHY ehibe prgifla withewprafergeizel aqueous
pﬁQsteadtriﬁéj bﬁc#e"sf denfl?! d?hl@‘}esg I%% iy ﬁ?o&ggﬁéﬁﬂgﬂt%e tPéeveral important

fromt he surface are give
faoterge Firgth ehe\pmmrtmscmf Mﬁg@evmt rsalutlon refre rpdB ~t(hﬁ8 an osmolality of

lgéﬁ_pqng;velscgsgg Iog 9f7dAnt| gﬂgenc S ul at gg éx\é\%ﬂtu?qc gt plausible chemical

bRéiaser i thRgSepafatioieof thd sdi hﬁ@& EibtedL li tN@Q\/IﬁQ&QWa%X sheet: The
The appearance of a doubl e dipole-Ilike si

Hﬁg&lm@e rEtcdsscinte eppietelt frorachd samplay so @Smthe local osmotic
cbl,?d 9{)1 %ﬁ% tﬂenéhgf (%Lfe%&’?ios :J?gl?eﬁéesdoﬁlgl%:%%;&%ﬁ@x and cationic

IS ln erac on is nonu
h@lcﬁtﬂleskeutntﬁ'actﬁfnsl\hgy]q}rbﬁﬂé ra) stvdrighidrivinge fe8S for a hypertonic phase

sgp%rr]z?tio%t \%{]:}nnwihte hhp%%(')vlmg n’lc‘lhen gﬁ]ar;gaeg Hlesgrllb%u%ﬁ'\{l)e%;gesnethle rzgggnslc lipid and
Magnevist® solution is effective at stabilizing the liposome and providing structural
support in solution, and apparently in the bloodstream. This enhanced structural support is
an important benefit for these studies since it allows most particles to remain intact during
the film drying process, in contrast to the extensive decomposition observed with the

liposome only solutions.



Di scussion [0093] The results described herein
denonstrate that we can encapsul ate and deliver the
woammmatggi used MR i magi ng agent Magnevist(r), POTAUSRMG/041139
cell's both in vitro and in,an orthotopic ani mal node
and in doing so produce a nore defined and intense
i mage than seen with unconpl exed Magnevist(r). [0094]
[0096] As sMaenfokegofrigyEx@mples tdemonstraie dhplsexessiof endapsyaizgenf an MR
i nvention can target,. netastati dis?ﬁée, th%hebgt. he imace
caFith agHY 18dhe APIORCRATITE commlexes of 1Y RLPgULYenlon, Jhe mag
e@?&:?ﬁgﬂﬁ%ﬁdﬂsﬁﬁ@@ b?rp Q|Eé1 cHEPRRSE vk @Bt didibndlledelivered Magnevist®

I posone cohpl ex maintains its nanoneter size
intiemesithg nleitysofthis syses e approvacady eaetiongf egnesf via MRL
approxi mately 100-200 nm are shown in Figure 6 and 7).
It has al so been denonstrated that the structural and
nmechani cal properties OExhi @mres containing a

payl oad are sufficiently different fromthose w thout

one, thereby confirm ng t Magnevi st i s indeed
Compapisor gf byagipg i tl)l%g']‘mb%%yrﬂ’.e This was further
confirmed by MFM imagi ng of the conplex. [0Q95] Wil.e
(0097] ot VHEHPH AL BEO BRI MBoTRG b Ao HLBRY, MGIAS of cancer

t [ 1| i 1 i ] al w . hi
0L BRI ot b2 B e e o

Rxapmpiy wptd prepared)esing dpr esentatios and prosedises ahsaidertlp flpEsample 1.

eparation, i.e...f j of S ' r) - .
OB LGB el BP9 ARG s e
(ﬁﬁﬁ4}ifﬁi'g@e@AWBDhcéﬂ§ v € beicatinbalslpijetsdsontha tevabatlyef female
particle™s center. This response is pr

aobabl )
altytonic wdgoniset BrosMagngvisi®p F i I Wd}?@?orﬁ? magocopyplex (scLip-
r rgi | amphl= -y
g
Rpfias, don@irting thesamm dudeartMagrevist® preael 5 vihjeciet €vin ¢lad tail vein) into
basis for this separation of the sol uti',on not egl |ant he . .o .
ﬁﬁ_ﬁ@rﬂivfl@t frge dBEn W EEES COPRRECHLE ¥ el s (gngount of Magrievist™ 1s
AnARRGL & EufRTRL GbS] thaf TR BE ABATRLEKA 15 4 BIARDERIdN The total

osnmotic conditions. Coupled with the charge
voliugé af bolatiomhdhinéstaradiol alhcases o081l ah dasdine sedrcwas performed
lipid, these . interacgti gns m ovi de a_.strong,drd yi . ®
PTEio t ARHIFSD G e TOHRORTEBISAT 0y O o e Magnevist
I{r&ﬁ.qg@ g}:&rgio Qiag hak $Berflivabtidadtlt] OIR REINGES abd FrirkRdinisOMére constant
I pi n gnevist(r) solution is effective at .
tstrwbinl ihei fogr sdie of ipagsevatiathe windowdiadipstet rto cpyee| for an automatic

support i.n sol utjon, and parently in tf . . .
SiiiBtCte ERNES oA Sapic aRC SRR Ecrtb e iffgenee io MR signal in o
MBRQ Hitft 2 Ren@ldnbodsofunidrefewbicH dtheSnaeae@ definBiohoail contrast are

most particles to remain intact during the filmdryin
qridané $1 bothnthe prestats tumer EHE 4 (Bigars ggc&})owdé? bresi tuhor (435)

&95’1%5 \é%(-jfﬁ\-ﬂ g@ertirrﬁ%cﬁon with the scLip-Mag and even more so after injection with
the scLip-HK-Mag.
[0098] Figure 9A-9C shows tumor-specific targeting of a CaPan-1 subcutaneous tumor

and orthotopic metastasis model by the TfRscFv-HK-Liposome-Mag nanocomplex.
Subcutaneous CaPan-1 xenograft tumors were induced in female athymic nude mice as
described in Methods in Example 1. The tumors were harvested and a single cell
suspension in MATRIGEL® was injected into the surgically exposed pancreas. Eight
weeks post injection the TfRscFv-Liposome complex with or without HoKC (HK)



| i posone only sol utions.[0096] The foregoi ng Exanpl es

denonstrate the successful encapsul ation of an MR
woani7rassi agent in the i munol i posonme conpl exeBCoOUSRID6/041139

present invention. The inmagy enhancenent denonstrated

by t he conplexes over conventionally delivered

evi st ( indicates the ability of this systemto

%P%E%G@T@&gwawekt Vahirgicteda e the mauagran tvs eensra@itive days. The

{ERIMRARO ™ ogohltﬁ?ﬂ bd}ﬁ’mis'ﬂerga fid eaﬁleeﬁse%és J]:(bd"@? 14 %g?eqfle scan was

Fi gures 8A-8 ow I nproved imaging in Ifteren

parfdeined ghstgamyeto abningptrbtien bf dlan dalhdiéohipﬂms treerifign that all of the

SRR A S SSR a n FSuchd oSBRS s v
wak coRsthit tebwEenainp Hlﬁreel seté"HFHﬁa%E% eAgl th%%ﬁ@&w%é\ﬁi f3orrect for

(Figure 8E-8H) or human prostate cancer cell [ine
DAt BIAti¢ ngdﬁ‘él@Af@BlD}e ©€lthe semmer. sBibglar dn e}ilg@ey8A -8H, improved

Hrrl‘l[yglg‘l%t goelglﬁwggﬁ Sul é;‘(ﬁ%ne?fi‘sf: lgl}rn?rh% h[L g a H\f(g' ggeomggastatm lesions is

aﬁme@,raglsﬁdwﬂ&ctaMﬁNbg) or the TfRscFv HK-.1 i posone
nanoco scLi p- HK- Mag) .conpri si ng t he HoKc

l e
péﬁﬁb e n%lté%%%lp?ﬁeﬁs@ veeBasshac by Feeegm @gm@vxeﬂtb(lﬁgnew& e

Iﬂ pected (Vv the T@;@a}ﬁ m—TtoTeach of
three m ce on three consecutive days. This anou t

Magnevi st (r) i s equival ent to%dhERatdOveOBaselifat
i i tient., The total

: L eredto—a-hunan pat
Complaxgddagnedst ut i bn admini st%@red in all |cases was 2480

Wl ne-sgan was pegjf Pried just|prior to
adem nrstration of both nanoconpl exes t¢, confirm t%at

all of the Magnevist(r) fromthe previous day had been
washed out. MR techni que and wi ndows were constant
between the four sets of inmages with the w ndows
adj usted to correct forEgtanﬁﬂbcgmti c W ndowi ng feature
of t he scanner. The panel ows the difference in MR
ignal in a nouse with a subcutaneous tunmor in which

(t‘qmmrweﬂe'fsléwaa@c iMRE Sesesaaf Subsutargens BANCel iTaerors ufier Systemic
Tyjrction inf Fpeeodincowplavady or( THBS4BY-LifF-Mpagrevisa- 8D) and t he
breast tunor (435) (Figure 8E-8H) after injection with

[0099] t he sT:hg fﬁlmn&mapmmtmeee smrfafrn@i to mpmpticothewiatehand level of

um)r & p‘g%sﬂf’ Vt'\@%ﬁé"e& g{eéﬁ dgr@{}ﬁ]\é\% LipMsgein tumors after

systemic aslibepy.t Bﬁb@ﬂéﬁéoﬁﬁi‘i@ﬁ)ﬁgﬁaﬂ ﬁm‘iﬂ?&i o PAN N 8were induced i in female
Tf RscFv- HK- Li posone- Mag _nanoconpl ex. Subcut aneous

athymaip pdg anigg byfiniection PE 1vierZx 10 nBANKEH i aslls gpspended in Matrigel T
d
SUUGE SpE B8R HERR OB RaURIAE A 9.5 v

later, the animals were used for imaging. Cationic liposome (DOTAP:DOPE) was

prepared by the ethanol injection method as previously described (see U.S. Published
Patent Application No. 2003/0044407;, Xu L, et al., Molecular Cancer Therapeutics
1:337-346 (2002) the disclosures of each of which are incorporated herein by reference).
The targeting moiety used in these studies is the anti-transferrin receptor single chain
antibody fragment (TfRscFv).

[0100] To encapsulate the imaging agent, the TfRscFv was mixed with the liposome at a
specific ratio and incubated at room temperature for 1- 30 minutes, suitably 5-20 minutes,

most suitably 10-12 minutes. Magnevist® was added to this solution, mixed and again



suspension in MATRI CEL(r) was injected into the
surgi cally exposed pancreas. Ei ght weeks post

wonpemuiesn t he Tf RscFv-Li posone conpl ex with oPCWiUSkman41139

[0101]

HoKC (HK) peptide carrying Mggnevist(r) was injected

into the nouse on two consecutive days. The total

vol une of solution admnistered in all cases was 400

imtubated anaemn 'rtemep@@tars fand- ?gférmmrteﬁe gluifalplst Sﬁpirmnuwa most suitably 10-
i, Str nanoconml ex 1 t I

B TS s o R PR oo cielste S s L e o a fnal

snshfetiontof VRS0 HitEBI 122 WhiIdEOYE BB QO%Ofd)Stsaﬁ’bse and 5% for

between the three sets of images with the w

@nxjtregq, a1 ibCubs il opBr CERCEITS ok 10 S\THABE: r@utﬁ@é(t 3réé minutes,
t
ost sﬁﬁabﬁ? mlinllrﬁltég g ugl%gfe'qu FSmta ra%%fq}ﬁegdimag ing agent to

on O cut aneous tunor white
(aemunmgfemmto £0-36 sigdrigosomeqBsitibieting amasihgwgerit to 0.5 to 1.0ug

Tabl e 3. @%Lﬂge&l@aéq%eg %}5 glt Yd‘Bf r ﬁ;g %B‘%Sé ag%ﬁ%gi) '}E &%nyRscFv to
?]f Ber S}/ St %'}ﬁln g @ B0 Riprodihai! ARG Lﬁecgf%eﬂtaﬂi‘é RPES of the complex

mclnjecti on of Free (Unconpl exed) or
{5 RGBT Fout 20 tmgﬂ@m suifabodlouThi tof ?ﬂq wwiang n@)sp suitahybnabout 100 to

g}ﬁ)r gﬁ%ﬁ@e 538 eé(nw? ggne(‘(t\;]s&%%% &% aggﬁxagtl 9§) ug !T';Pposoﬁ:‘ie and 3.3

14 REGEFv With-d¥reosdtotaliil Sorﬁ:Eﬁ@itlo‘ﬁ)tﬁ‘tS%n c delivery.
ubcut aneous xenograft tunors of PANC-I were induced

in f eframeouse hpﬁarelng YNGilc esubgutangons ¢ tugpery influgesl 231 @hove was
%ﬁ%’s\&eﬁzeﬁegﬂ e Sh x Xﬁ@ﬁ%ﬁ@.‘eﬁ% stéhM A;tlggtflé'%ﬂiea/as induced using

nBrane I ences
Apfuraxd aaued, ywith The rampakiag | gas eomprismganiontd exygeneandsHWo nitrous

SHIdp LDy MNOIBORE o SHAHERe G HANGHEE S b7 Gl jsoflurane
g%%fgl; ggﬁﬂgf{é? %ﬁdél’* sﬁmlwsé&fé %@n@ﬁbﬁi‘&f 09@%[31’1 aid hdudBxide as noted.

Xu L, et al Mol ecul ar Cancer
The pugsthetizeds aningd qus)s(t@@e)dz )nadeeom sylindripak samdble saghofrequency

?efé?llf@-J[ %ﬂt@gﬁr’ﬁe) (bé{cﬁo g]ir?gche? hVé)i‘glll‘g ol élgc{ ﬁ@e?ﬁ% i conis frequency of
%&leﬂaﬁﬂl‘y‘?’@% IN[Hz (@ReRbHans fb@leacE bawatanhbladys when subject to a

fragment (TfRscFv). [0100] To encapsul ate the wragﬁog
fgdrstrengthef 7 Festary Thadmagne @reiped] usebwes pbowseh imensional

Ci t
SERSARRIPAR A Sy PBRS AT s proma
N2 ¥2 Bﬁlmﬁ]@@Spi‘ng}m’mamt/U BJ\) wasgingldetboteo Theiimaging parameters used
sol ution, m xed and. agaj ni at- oo e ra ur,
were: 11-vagishipd #b&2- graﬁn@%?@ “HIh%, Tt (B g efisbeck oFf 8 echoes
witht2BLY ket ™. 15 85 cmw'ﬁ@tepﬁ‘?ﬁ%lﬁg 1fn‘§§e '\&Ehs \ibyBred, the animal
use, sucrose or dextrose was added to a frnal
wamkqn timatobdizedfin me&nﬁﬁ%hokigrtaacbmyhex Hixofrge (pmgomplexed) Magnevist®
!af.g, %kr) ngd ]d%éorelr?)r or the rl'%iscF% 1p- El\'I/ag complex containing the identical amount
of Mag (total volume 50-1000 ul, suitably 100-50 Oul, most suitably 200-400 ul) was
systemically administered using a 27G needle by intravenous injection into the tail vein
of the animal and the imaging sequence was immediately initiated. The scan (2 averages,
1.3min) was repeated periodically over two hours and the pixel intensity measured and
plotted. The same mouse was used for imaging with both the free and the complex. The

imaging was performed on sequential days, with the Free Mag first.



dextrose, and incubated at roomtenperature for 1- 30

wo 20 b&s, suitably 5-25 mnutes, nost sui tabePij;IU'-'sZ&g/Mll”

[0102]

[0103]

[0104]

m nutes. The conplex is forned at a ratio o

i magi ng agent to 0.33-1.137ug TfRscFv to 10-35 ug

Li posone (suitably IrTg i magi ng agent to 0.5 to . Qug

Tf RScFv to 14 28 u<1; posone, mpst suitably

i madisnefiorgent Fieyro! Qlthﬁ’ij’ 1?@@@#%%&@%6@%%} in the tumor
S o e B S i S Bl pgie. More
sigabftnanitl s @his di gheo lavel iamehimpintd swirttbtiye abaut o 30 axperbifént.

nm Here the conplex was formed using 4.7 ny

Magnevi st, 99 ug Liposone and 3.3 ug TfRscFv with

dextrose to a final copg ayi on of 5% [0101] A

nmouse bearing PANC-|I subcutaneous tunors induced as

above was _anest hetized and pl aced in an_animl hol der
Degsrsivn of CaRaurfeiversMatastastsdy Jdlseforbig-HeB(rMogneid: 49

with the remaining gas conprising a 66% oxygen and 30%

nitrous oxi de m xture. Mintenance of anesthesia was

ac ¢ asn g e]xggmtngnt% e bRt sl LAY ofl B BiRscEv-

der simla seous conditions o oxygen and “nitrous

Llp-HorBE-&/ﬁigrmIrqdex Bifi¢hia nm&mhem it detectrindadnheac moaging ofieitastatic

M TR TR T T e——

1mtagxﬁ§ O hiRtAtR6)r8M afxfyG@H@Gﬁc‘/an@ér @ﬁme%hﬁ%&héinée& Mi#plexes and
hé resonant frequency of water nolecul es whe

m@hm}Slet the @reseht divgnsen éngt progatey MplanbElR, reRb brrmgu grgtric, liver,

o R GRS 50t T A0 S 1 BRIk LY 886 amon

Subbighddgs KEALLEAT e@m@grémamd lowe indudddlikefemBleodthymic nude mice
(Ger many /USA% i ma consqQle. The im g{il[ng para ters
by igtegtione & 0-5Ti0. el d‘ﬂéDCf(H? ysnRRAed shMarigoE” pollagen basement

mé\}’lﬁber\}aﬁéoqpﬁég& @]g %1?9&8&%%?{%%?1)%)(’%%2&? R r{éﬂt Itvﬁegﬁse fla{tv\ngstﬂe Pfimors were

haaegted nedla sinlgle @l suspens@ms of Grttumorebs plrepmﬁbdl 4.2 fies x10 cells, also

su%gaaa }Igﬂa(npge ?ﬁg&g‘gg%%&tgé r1llgto|f,}: H%j gly% %dgancreas of female
athfnife Glfide foides Weﬁeﬂm B¥schped mlagmg ., st Gl and Gold, D.V.,
amount of Mag (total” vol une ul, suitabl y

In111(aD sBoliguiof mosocleult aﬁibpdzobAWO tfug?tm@sto syenografisd| pyghotopic
| stere

o RO el st et e S Fal and ¢ he

i m@dﬂﬁnﬁﬂiﬁd}@@xﬁ@ (DﬁHAFIDE)@IEQWah ﬁrdpﬁteﬂllfyttﬁé ethhhiét ifeation method
(2 averages, peat ed per.i odi cal

sty 5D dessibect (e PhSediois ér?§r@el§/Aﬁ@1a%h0§d‘1%r4"\é’03/0044407 XuL,
B BT PP TR PSSR ) MR 8 i
ars @rpogotrated hereys by\mefekenbh)e ’Fhee Holdlfgpéptrdst {I{[(K[HBKKKQ s-K(H)KK.C}
(Sggﬁwb}féﬁnggaﬁg@lé %&?te{n% tg p%m%r’c1 Icforlljﬁggtgclry to a giafelmlde group.
Thus, when the HoKC peptide was used, the liposome formulation also included N-
maleimide-phenylbutyrate-DOPE (MPB-DOPE)-at 0.1 to 50 molar percent of total lipid,
more preferably 1-10 molar percent of total lipid, most preferably 5 molar percent of total
lipid. The HoKC liposomes were prepared as previously described (Yu, W. et al.
Enhanced transfection efficiency of a systemically delivered tumor-targeting

immunolipoplex by inclusion of a pH-sensitive histidylated oligolysine peptide, Nucleic



after intravenous injection of the conplex as conpared
to the free imaging agent. Mre significantly, this
woizgitem7dsevel is maintained over the tine cour eeTES2000841139
experiment. Exanple 4 Detec{d on of CaPan-1 Liver
Met astasi s by TfRscFv-Lip- C- Magnevi st [0103] The
follow ng experinments were perforned to assess the
Ay Respanth 3HedTH(BREH)- The perkkiitE MH@’[}CW| iaxhede stidiss is the anti-
nv nt.ion to detect .and (g, ce| f metastatic
0 reggpian single f“é‘anﬂg‘i? pancreatl c

[0105) cancero ¥Rsap AT HNEHNa INOVEIAE thd 'ﬂﬁ@cﬁg wik nﬁﬁ&@%ﬁﬁﬁé liposome at a

from any type of cancer can be achieved usin

el exteosangridcyhatddod sowh tarhgergneesfont - 3O1nmnttes; su1¢£>1395-20 minutes,
li.ve

Heast tri.c,

o850 JPELAR s SO HE SRS ) Sl e i and s
iatitated! 4 psone tengsrattret fOF DY 30 mBURGU SBRBBYS 28 @NAGHIea thost suitably 10-
tumprs of _CaPan-1 were induced in femal e athym ¢ nude

13 wdoyiss. | Wheatnrepared for, i viwe psa, @W@a@ah dextgede| was added to a final

&/ I frenbrane N
HERRASE b ARV SR S0k, A0S ABSTRTE, AR IDRR ana 5%
datrese tahé inanbreted anﬂomnhampet&md fanth 30 Smﬂ@eg duithbly 5-25 minutes,
pensbég f the tuppr was gqare -1.5 x1 07
stlably 45720 reipliiedbs fOmBR i Brpe fa\xétﬂ% of hmgdmaging agent to

o, m-@ 17hes BEEF¢ & 1o- 3@&%0&%&@&&6@%9&619 rfﬁisge r%tgﬁ%i@é%nt t0 0.5

nude mice as previously describ I sausku
todHlyg TR tonki-2d g LIDDSWG-HQK@,Imd)St Sulltaihl:setmgflmaglng agent to 0.71

TN T ST REN T/ —

éiﬂeéiﬁ)fﬂfc:?&ﬁiiplé)&&%()ﬁl abbﬁllﬂﬂﬂo mt)lrﬁ{”sﬁltbbl QS@EEBSO to 700nm and most
S prepared by the et hano ection

le%ﬁe%éﬁ la%) tg é@éﬁ% slilvedb%@,qmrﬂ@@wegmgdssmg 1 mgdagnevist®, 99 ug

g AR 100 PR RO0T QOUAEE o okl o5

[0196] di sc |P?EBM&11[§ C%:nhl OfélémpmhMDﬁ 1&&&1&& [3.%3(% %@Kﬂﬁhﬁatﬁly 12 weeks
ST R
Ho®lHr léQﬁ&rho AR tHRsITRY R ﬁhﬁjc%dgfsﬁl‘égsoﬂ_t{}?ﬁ% atV‘@%p \A;lt!ﬂethé_l?éﬁ;almng gas

peptide was used, the |iposone fornu
comprismeck 66l eivseul gnd @I@&ényihtmus yoxaleanm (M@Btd:ﬁ@?ﬁj ofhnesthesia
.of . t ot

Lo 00! 5% 80k kB 11w i o

dohéitienadt Qky@exff&hcﬂmtxﬁﬁé 6£idt adhotb@t The hﬁd@t}ﬂtlz&f‘ﬁnfﬂ‘ﬁmas positioned
| i, posgnes were prepared as previously described (Yu,

lwd%pf & cYlimdrswlc eaable rashieftaquencye tesprant rpajenns (hird cage resonator
volRhE 9? iéazlrﬂdytuﬂfd 'tovg gﬁitef en'é? %ﬁ"ﬁg aw%d PRy {tfle resonant

by 1nclusion o F8ensT Ve
fodqugralyyesfi mempIeDMes wilon lsetj edad dSﬂdReS@a{gt‘lh 082, TRHY The imaging

00 Th d h t udi ,
pﬁ'(%rgccé?l%?q yvagg“ éyegglﬁl n%urr{)% RMQEU ?a%ld ngqutlsﬁ?gne w?thl;allngsenllaasncement)

three-dimensional imaging sequences performed on a 7T Bruker BioSpin

(Germany/USA) imaging console. The imaging parameters used were: T1-weighted
Turbo-RARE 3D (3-dimensional), TE 13.3 ms, TR 229.5 ms, Flipback on, 4 echoes with
a field of view of 8.0/3.5/3.5 cm and a 256 x 256 x 256 matrix. After a baseline image
was acquired, the animal was kept immobilized in the animal holder and the TfRscFv-

Lip-HoKC-Mag complex (total volume 50-1000 ul, more preferably 100-500ul, most



[0107]

[0108]

[0109]

receptor single chain antibody fragnent (TfRscFv).

[ 0105] To encapsul ate the i magi ng agent, the Tf RscFv
woaesr7uxsd with the |iposone at a specific rat POTAS2006/041139

i ncubated at room tenperatgre for 1- 30 m nutes,

sui tably 5-20 m nutes, nDst suitably 10- 12 m nut es.

Magnevi st was added t IS, soluti.on, mxed
Prefgaply %Q%%&%%\M%ﬁys}e&aﬁ% 1Pt paipisiaedbusing af@@@ﬁﬁfﬁh ingravenous
infebtidrPRbY the 140 v@ﬂn@tﬁ@ andist tand Wid 8B/ ihade sl:é udlcB ¥R Smmediately

en prepared f in vivo use, sucrose oOr dextrose was
nitidddd to a fi naI concentratl on of 0.5-50% suitably

-20% nost. suj t abl 100/ 5% f.or
e A e PaEing ok 0kl St s Tt o Gishal, g B for thgypresence
of ThétiiRSs. FHE Loy \\(ras5re¥1§bvr€ﬂ nﬁi&ﬁm IBhkalif U[bété‘ﬂﬂﬂ)’ﬂﬂ%%d@@d sectioned

m nut es. Tecorrplexmformed at a ratio of
anfl rsﬁg@ngusage}l&& vsing standard pr@@duﬁeszg@vkrtoav mom%gggrdmary skill in
0S SUI
o 5O LRI S 0 LR8BG 1R, ek s

phbt@rdﬁh&gl ng agent to O. 71 ug TfRscFv to 21ug
one- HOKC), usi ng t he above prqgedure. A ran

accgpglgBHéAsl 1)ersFlgvretlﬁé dwersPizest Figyrs hlBp J@BC%L%poHoKC-Mag
g0 M 4 S BE0 OhACAER, TR s, ocmen
w1tls r[lﬂ@cEkz—]quﬁoKﬁ@v[egi(shqrt YWhit@Qarrrgvsl)i iﬁbscbwe adedsCidentified with the

TfRSCFv with dext t f.in trati
she W9 POTGGrA/FOB B g EhBAEA 0 L35S B EPLar B primary

oﬂh@%‘i@?laé‘&pﬁﬁﬁl&aﬁpsfn%ﬂ ﬁ%@a@,{axls](ﬁn&l@%ﬁe (aridR&} ehHngbCl the same
i mpl'antation of the tunor cells) were anesthetized and

papemcssdn iithatheanrimary thaodeFhesthin entensipre of fizer dopg hin arrow) lies

nduc of ‘
BB D RS BRS Rl Sl Mt BERIGHT Haf ot
prédehed enNaestask (Blek tdaesisy divestlaadjaene do Worighthin @xteasion of liver.
2.0% i sof | urane (preferabl 1.59%. under, sim |l ar
Neja sheotimlagynt sharcofsme of %eewe%ﬁﬁ @ metastptis twpyte the appearance on
thé‘?ﬁ@(d.' The anesthetized ani mal was positioned inside
of "a cylindrical variable radiofrequency resonant
antenna (bird cage resonator volume coil) and tuned to
a center frequency of approximtely 300 MHz (the
resonant frequency of water nol ecul es when subject to
a field strength of 7 Tesla). The imaging protocol
used was Tl -weighted Turbo RARE (rapid acquisition
with rapi d enhancenent ﬁxﬁmpalé i mensi onal i magi ng
sequences perfornmed on a 7T Bruker BioSpin
mg,eT anmeters
E’g@%éee% o Q&tﬁpTur 0- REER%% %&glﬁg[n& onal ),
TE 13.3 ns, TR 229 5 ms, Flipback on, 4 echoes with

The following experiments were performed to demonstrate that when
administered intravenously (or via any other appropriate route, €.g., but not limited to IT,
ID, IM, IP) the complexes of the present invention carrying an imaging agent can enhance
detection of metastases as compared to when the imaging agent is administered without
the use of the complex. Lung tumors were induced in female Balb/C mice by the
intravenous injection of 1 to 10x10* RenCa cells. This method results in metastases that

reside almost exclusively in the lungs of the animals and thus serves as a model system



afield of viewof 8.0/3.5/3.5 cmand a 256 x 256 x

256 matrix. After a baseline inmage was acquired, the
wanoomak79sas kept inmobilized in the ani mal hol der/uamme/041139

the Tf RscFv- Lip- HOKC Mag cBhpl ex (total vol une

50-1000 ul, nore preferably 100-500ul, nostpreferably

- ) ' dal.nistered using a 27G.
180 A S BB SURL AR el ROTIR, SO S Ry Gscase or
biastasdismalppeoximbiely BDwerkglardg theaurRRay e asddoRHhaiel Y
0110 initi&[ed..[ 107 Aftsr |(raa;png, t he ani mal was S
[0110] ¢\t haSiRBERc aRRPsorey BPPY ARKARPEE (WD Premmeed bys Erec ethenol  injection
t gse [ RS B [ | j .
| PR Rros Ay NEGIHRS (EITYES, Sl Baid [pllcation No.
AWBAY444QihdEndLpebcéd Mescuist |Cdunew Theraperioof 1:08T386r @002) the
Ki.ll in the art,. The sections re examn ned. b . .
Jirdosssssyierach 8l Whish S BEowartie BSeEdpaHetesyr Khnisaecting moicty
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enha i I v-Lip- ~ shor.t . )
e I ov\ngﬁse .gl?%selﬁ%tgghealf?g%gl g A@gﬁ}, FE?KEWY &Vats ﬁrélxgcp%?t%‘%{}\% fipesome at a
specifiosati sndiacubacsded rain EiRraoet Bf 1.030 Singas s@h8ly 5-20 minutes,
represent the prinmary orthotgpic placed tunor. A snall ]
fﬁ%{%a%‘%% ¥ 4 O0c 2niognitesn i Magugvisnayas sadath s this golotien, gaiwed and again
“ . r . . .
IRARAIREN hplahfi TR Kb, 5 . gt sy
HORE2 menwtss. a¥ihen piepareddoy ir{ misd useurpsanddditsse kagyrdded to a final

ri ght ..i ma firmnpres e of netastasis. (black
RO Qb0 B 2801 B THEATeLertel gifTBte and 5% for
deikit6de, ANt Bclith€eds hivtdoa it&ﬂip&ﬁuﬁ@h%’ie 101300R8n s, trﬁkt?rﬁ Suitably 5-25

p_i eces of m_et astatic turmr to the appear ance on
nyRutes BRagisudaly gatdnosutse The complesfis frmyd b e astiasf smg imaging

T, L Vj 109] The following . .
ool R0 0 Elpoife (e BV sk ising asent 0 05
tadnuy SIRScFe tb MUz LifsdsymeOmokl uilBly DhBShaging agent to 0.71 ug

e ,. but not Iirritedtolgf', Eg,

propriate route, e.g. _
ﬁ%ﬁcli‘@‘)o 11ve Leippgomey ssingtthe phovisrmeaesdirs nvermge pf acceptable sizes of

th@ESH1RY i@RomRSLNE0 RIFTHo @\ﬁ,&r@tgﬁlgrhﬁgu% t%cfdoﬂﬁ} Q{dsmost suitably

met ast ases as conpared to magi ng age
ahdmti MG tee 560 nmi. t fifeod theheorislex ofast foemed nising 4.7 lohih) Blagnevist, 99ug

t. [ C in femal e Bal b/C mce hy the
R o S e PG oSl TS, 1
[o112] et hod mRgs %Eﬁiﬂg;lélﬂ%tt@ﬁbﬁsiﬁ&éea%&@%dag %n@ééﬁ@t?%gcé and placed in an

exclusively int [

ungs of the animals an
aganalebolder aywigdel Agysthewd ovasammduoed arsingy proflofanGaxtc 4%, with the

r%ﬂagi%isr{gegsag lcgélpﬁﬁné H38od 6%%%& az% B&‘%rniggusp chii&a rrn}lxtglje.s ?V?aicigtenance of

anesthesia was achieved with 1.0 to 2.0% isoflurane (preferably 1.5%) under similar

gaseous conditions of oxygen and nitrous oxide as noted. The anesthetized animal was
positioned inside of a cylindrical variable radiofrequency resonant antenna (bird cage
resonator volume coil) and tuned to a center frequency of approximately 300 MHz (the
resonant frequency of water molecules when subject to a field strength of 7 Tesla). The
imaging protocol used was T1-weighted two dimensional Turbo Multislice-Multiecho

imaging sequence performed on a 7T Bruker BioSpin (Germany/USA) imaging console,



net ast ases. Approximately 2-4 weeks later the animals

were used for imaging. [0110] Cationic |iposone
WODRQIARTIBOPE) was prepared by the ethanol i njeeCTrms2006/041139

met hod as previously descr4lbed {see U. S. Published

Pat ent Application No. 2003/0044407; Xu L, et al,

Mol ecul ar Cancer Therapeutics .7: - 34 2002
The sep@ing pasmsiersy %?ljgmﬁﬂwweg ?ﬁ@rfﬁ&%ﬁl@@%ﬁgi%ﬂ ms, TR
4(2(%’ E%?ﬁﬁﬁlﬁ'&ﬁ £ 8 LREaba Wik hHEIdTBE flel SSEGM kB3 $4'@8and a 256 x 256

les is the anti-transferrin receptor single chain
matii. b ddier far g eliret in(aEe ResFacynirgd 1th Janifenl evasdiept immebilized in the

i.magj agent., the .Tf RscFv s i xed wi bh t li.po .
stifag R et PR s o B LY BV et s i TR v-Lip-
M@l cohplef cohtaiiRSthe StédtiRbl ¥mSuRlofMMiagt(Bfal vodgthe 50-1000 ul, more

suitably 10-12 m nutes. Mgnevist (r) was added to

bQﬁv-@@QL@,rt,no

suitsbly shiswisabln A00-400u1h wiap sytanisall nadipigésigred using a 27G

t t far_.1-.. 30_qi .Suj i
oG EL ) bl A 8P 2 B o
wdS emndikedp thitiitedle The pixel vmensitgtaddhd imapes wnalmeasured and plotted.

concentration of 0,5-50% sujtabl -20%, nost ] .
The S®H MPUIO VRS BieddpE TRRER %)%kﬁr %'P]f’afém dhecomplex. The imaging
j t 3 erature for 1- 30 m nutes, nore
\x)sag P%W@Zseﬁ%‘af &P

S5'mnutes, nost suitably 15-20 m nutes.

[0113] The dsritioswm insFigorentth-a2Eathert isoa signifiegnilyrhigheyleaglesignal in the
i i R RS H ek PRSP 45 1Rkt asent

Thi D IO Mp16R OF thidintaiion dlsienhaBess gteadenbs tetutiVelflargg metastases
Tf RscFv to 2l ug Li posonme) using the above, procedure. A

iy tha gengods ceemapsddp ithe ayteady ysedipethed ppadiminjsierimg dipe dwaging agent.
20 to 1000 nm suitably about 50 to 700nm and nost

sui tably about 100 to 500 nm Here the conpl ex was

formed using 4.7 ng Magnevi st, 99ug Li posone and 3. 3ug

Tf RscFv with dextrose tyo_a final concentration of 5%

[0112] A nouse bearing %ﬁﬁﬂﬁ%ﬁors i nduced above was

anest heti zed and placed in an ani mal hol der system

EMRAREOEDLRNASof WML Efind Bl oddtdssOby TIRA0Ev-Lip-Mhagnvbisth
the remai ning gas conprising a 66% oxygen and 30%
nitrous oxi de m xture. Mintenance of anesthesia was
achieved with 1.0 to 2.0% i sofl urane &pr eferably 1.5%
[0114] undehei fpllewinga saperimentsndverconeerérmsdy den damensiate ofigt when

B8 F ABE20 R e o 17
IDeBvINBENtthevbapRacy ¢f thel peage inestioatcarrying| annmaginigl dgeainein detect
Ve G SIEREST bR 1 St el Digh S, U APt 18 sdministered
witBLEGE s 0Ptk icBhfiex! TSR MG Werd %hi@dd inBfale Balb/C mice by the
intravenous injection of 1 to 10x10* RenCa cells. This method results in metastases that
reside almost exclusively in the lungs of the animals and thus serves as a model system
for any type of cancer that results in lung tumors either as primary disease or as
metastases. Approximately 7-9 days later the animals were used for imaging.

[0115] Cationic liposome (DOTAP:DOPE) was prepared by the ethanol injection method
as previously described (see U.S. Published Patent Application No. 2003/0044407; Xu L,
et al., Molecular Cancer Therapeutics 1:337-346 (2002) the disclosures of each of which



I magi ng protocol used was Tl -weighted two di nensional

Turbo Multislice-Miltiecho i magi ng sequence perforned
wono@/047sBr uker Bi oSpi n ( Ger many/ USA) i nmagi ng PCT/US2006/041139

consol e. The i magi ng paranmeygrs used were: Tl -weighted

2D (2-dinensional), TE 10.21 ns, TR 400 ns, Fli pback

off, 8 averages with a field of viewof 3.84 x 3.84 cm
a@@n@c@mg@@e&hezsm bﬁate\ffrrﬁnce)xf flag taggfa%morféy uﬁ%’g’é‘ tfigss studies is the

anl ma fgﬂu} l%b%t ﬁ%h%/r e {2 F\Qet e

[0116] Magndlei estcarisu)atd gadrrﬂgmgrageﬁtethﬁmsm meub@lgsmh) thel lgposome at a
con ai ning_the_identical anount qf t ot al

SB%?I @%d %lbéteg &t 1098} PmpsthEe & %{nugqﬁa %W@BZO minutes,

P stﬁ@d% 1085y sYk e MIg@leh B dal '&H@é@{oe@u@ﬁlﬂgma nﬁZéa and again

needl e by I nt ravenous I hjection into the tail veln
11pdmbatad tmlonsiethperature fegi- 13§ miagtesnwatablyss- mmmm glogt sultably 10-

tryfe Whe ol o T SR Rt o S5 Y8 added 1o a final

cbh®atrAgon\of 0. 595’(1)% biigibly €2084)dnbdieuaahip! ©% fdh&ucrose and 5% for
|rrag| ng was Eerforrred on sequential days. [0113] As

wled pproom tempaiaipee fo5 Ta ) griiwese awigably S5-25 minutes,
n.tﬂdsg Qlﬁtab (}ﬁY% Osti%l%ﬂ%g T Jﬁgﬂ&y fgofonﬁre(ﬁ & a'reﬁL @1}’ ﬁﬂg lﬁﬁagmg agent to

injec e conpl ex conpared
0. mg[m 0g dgRsdEv (6H@s35 m@hlpommé esnﬁaiﬁlytlm@nmzrg\agﬁgeﬁmo 0.5 to 1.0ug

o enhan etecti on of atively |large net
?1?1" to Wﬁég %Eﬂ?ﬁ%e‘&ofté“% %@Y dme 3g %&?@d“’rpea? 5 TTRSOFY to
2‘?(1 gﬂ'ﬂ 8) @lih g ehefl b ?eg Lﬁ?& g ¢itoe #ﬁ@é@ka%kﬁmzes of the complex

tection o Lung Metastasis by
ﬂﬁﬂsxzﬁbmuLz(btd\/h@}@emnssult[abiy:abpufmbtd Tﬂ(lnowndgnest peitibieabent 100 to
perforned t tra L adm.
it Sleat S Sbited NERARRE Fobe 5 P D8RG, S0 Efbosome and
383ug TRBeRY With dkkﬁ’@s&@&aﬁﬁaﬂ chncddatibhof 5% the conpl exes
of the present invention carrying an imging agent can
[0117] det edt maus§ bgmg lunﬁtfa@@@steéuqeﬁa&\%owwaﬁ @negiectiged and pipced in an

a\ﬁ?ﬁ;{i hﬁ&lﬁeﬂ gLZ%lggtéieﬁ; \%jsmlﬁliu%éf dgglg\gﬁlsfoﬁﬁl%élﬁ; {124*%, Swith the

e Co wer e

r8ahibing gik Qembylsﬁl@a 66PE oxagen and 30‘]7& r&ttblilsmfm@ef mixtize. Mamtenance of

10x104 RenCa, ce Thi s [ts in netasta
apgsihesioe Wy é‘c%’leﬂifisf"’l@x}:plfgl %@‘P ISPﬂ“]EaHE (Prfgablys 1. %%é “under similar
oﬁ? E@ncﬁﬁ?xh ‘éﬁ@ nﬁ?bu@ dmeés Sotsd. e'Thé QhestHWYizdd Rfimal was

cancer ts in lung tunors either as
ppsltmmcy nt$1®ea‘ée czyhnéscatm*aashlase@oﬁe@moy iresmhaityanfer@a (bird cage

G TP B LB AR (ot AP. o Toas s PEtl Nigpiehé 300 Mz (he
r@stohaﬁcﬁequen@c&ﬂ RiePBoRRdled Svheh 8Ubjeststoa £618 GlrbMEH of $€Resla). The
U.S. Published Patent Application No. 2003/0044407; Xu

imagiag rgptocabpeeduvay T@amshtecm&vpa@mwsl@galu Tighq Mulgislice-Multiecho
) r f

n%g gé Se‘ﬁ‘ﬂ’?‘ g%b% gér)rgéeﬁ y r efer e‘%c]g SMh@éﬁB gye/:ItI ?é& imaging console.

’Il’l‘iéllﬁiagmlgs;ﬁﬁamﬂeﬁshe%mtw di le\S'elgBtetlh&D (2-dimensional) imaging sequence,

TE 10.21 ms, TR 572.99ms, Flipback off, 8 averages with a field of view of 2.56 x 2.56

cm and a 256 x 256 matrix. After a baseline image was acquired, the animal was kept

immobilized in the animal holder and either the free (uncomplexed) Magnevist® (gad-d)
or the TfRscFv-Lip-Mag complex containing the identical amount of Mag (total volume

50-1000 ul, suitably 100-500ul, most suitably 200-400ul) was systemically administered
z



anti-transferrin receptor single chain antibody

fragment (TfRscFv). [0116] To encapsul ate the i nmaging
wageaitto479she Tf RscFv was m xed with the |i posoneCatus2006/041139

specific ratio and i ncubated at roomtenperature for

1- 30 mnutes, suitably 5-2Q m nutes, nobst suitably

10-12 m nutes. Magnevi st(r)4 was added to this

solution, mxed and again incubated at room

UsBigoe DAGUAEd® by lintr@enGhd ilj@stionSiatd &l ilSvedR df'tﬁé‘taﬁﬁnal and the
.nmost suitably 10- 12 mnutes. Wien prepared for in

1magl@gw§éue@9cw@% anmedigieky injtateda sThedpixgt me@sﬂm ¢fathe images was

0 0
T S e
Thecmh@@m performicd ngae sajushttal f days1- ABGhi¥ feldest view 5 pixels is

SUJt@ 5-25 mntes nﬁst swtabl%/15 20 m nut es.
Cfifya Bh%l a@;gquémfltg yman fyngpr sietected byfali ng agent

[0118] tO 0. R3shovd iHIFi pﬁy 188, %Omééstug? E@@é&{‘% Qg&%%ﬁ%%) (which

| my i magi ng agent to 0.5 to |
cprtpmnd&a fo aoa¢tastanis abhgprbnglatermglé‘ngmage dianteter) wad dle@ctable after

g SptouBeftupe BRoEE i (e Bongred ) Mo 4o stenat was
sEghifi @ni @ﬂleﬂmd B4 §Rbhy slggaﬂyum%e IhetathQ@ m@eldarmw as compared to

sui tably about 100 to 50 re the conpl ex was

the ifiee dathsh ndhus, thengommnlsredd Bis lrggmg)rl_alp@ cas d:@cmlg of small
trati 50
THES R DE S S3atR A 4 U 3L Bhi e i e

impging gtntz eAn asven mhﬂd:leldmetasams i dﬁpfoxhﬁhtdl;zl’.% pyselL(Bquivalent to a
Anest hesi a .was |nduced usi n gsofl urane at. 4% with
R ?fngmlwate ea%n.%%er VB8 59 &@F? dgvipsboEomplex of this
1ﬁ‘\l'e'h[191‘1‘9ou@)®'a9ﬁom&$c‘t'a{b?eb erﬁe% Qie(rl;“gu{ tlm i a was

.0 to 2. pre

achi eved with A)lso era1y 1.5%
[0119] underEnsplmaharthtg a@eﬁu&l tomod imddeh systém @ yadpewe, anohors of ewem smaller

OZﬁISczgg gg gpt%sgttegsgftp Tlal?rag%}%%% gtg‘t?cglfggg)f ni rgalnl% agﬁlgfilll&énnon Here the
lmaglﬁg apiramBicnaed biveR @@eeTn%@QﬁE@rzﬂOtyaﬁn&eiohmpﬁﬂushce-
tuned to a center frequenc EBOXI mat el

M@lﬁ@hoewﬁm&seﬂuwa ! mfameth a9 §us, \mxphack off, 8 averages

v%iﬁpé faly othne%v f 5 |59f$i 58 nl%t \A;f%% Wé%-r dﬁ%fh()?&l:,lﬂg:lgure 15A-

ocol

158l hbdiilesr:ef MII pikels heere rma@cﬂagleaggme%mpw f Not@ds B #hd N2 were
7T Bruker Bi oSpin (CGernmany/USA) imagi ng consol e. The
vishalis %@%@P%f 860, Aoy greoso dmall (? @htedy) to determine if they were

A8 0 Q08 POl LR T Mol By st
aud ¢he r_nimmuﬁﬁ maﬁmﬁﬁa crpaarvdluas 266 sten@bé dewviationx (SBY as determined
e o0 S SRS e L T Bl g o ot e
basd ISP bﬁﬂﬁ@asé{ﬁﬁé}@\ié 8969 cdnfidehcd®)that the nodule is not noise but is real.
Nodule 2 is clearly within this 95% confidence and Nodule 1 is just at the limit, thus it
too is most likely a real tumor mass enhanced by the complex. After imaging the luhgs
from this animal were removed, fixed in Formalin, paraffin embedded, sectioned and
stained using H&E using standard procedures well know to one of ordinary skill in the
art. The sections were examined by microscope and the observed metastasis
photographed. As shown if Figure 16 (low power, 2X) and Figure 17 (high power, 10X),

two metastases with a size of approximately 0.1mm were found in the same lobe and



or the TfRscFv-Lip-Mag conpl ex containing the

i dentical anmount of Mag (total volunme 50-1000 ul,
weubi7apiog1 100- 500ul , nost suitably 200-40Qul) wa$/US2006/041139

systemi cally adm ni steredug4 ng a 27G needl e by

I ntravenous injection into the tail vein of the ani mal

d the | | d.
SRR TR S FRRECOR tanet Pt B M s Bl Sitveen the two
n§ﬁﬂ€s RYUARaWRS UA R Mt in@@aﬁﬂ Wist f3uR®@td bt RQuivhRAt ?TE@Onm) to

the conplex. The imagi ng was perforned on sequentia
tmyased Apon Hiedistblogy. dhuy |t1me sxtpgmay mal heecmpgl&aledﬁemmled tumor

%‘1%? g?a%%%eseﬁtng} i lefsiq%stgg Ogéle ass?%{l% ﬁ%—e ggmglex of this

nmeﬁ@érs ThOWRE] &f Jeutivitpor abreeitn’ RERORER fbO g metastases is greater
nmet astasi s of approximately 0.4 mmin dianete

r
theat that ewsreathifsear Wit} €dt rd%mcwmﬁnlwee@ angthed op u{eteﬁts@n of primary
r es, V.
ot B M En R CngfHRR R Rkl o] BB Ry pypcs. Clearly this
rﬂﬁ@@ﬁ@&ﬁdﬂn@Qﬁaedaadsmmﬁﬁagnmohpared to the free
gad-d. Thus, the conplex of this invention also
enhances detection of small netastases in the lung as
conpared to the currentEXam@@@7nethod of admi ni stering
free imaging agent. An even smaller netastasis of
appr oxi nmat el i xel s (equivalent to a tumor of
D&ﬁqﬂﬂe& ofrdt t@aglm MetpstasgebieFiRsgEe-Lip-Mpgievist t ed
the conplex of this invention, but was not
[0120] det e ang{herifenticabames sadel ysigH @dimeengmaraneqsgs described
bRl bR Th} £k 1390 TRHELs (AR Ap ROt Pmctstascs in
thedubaplans ubthe ﬂm&s showafin tfiwire 8yt 1(8F Ehlsuhenempvetad ppdhsurprising

Here the . paraneters used. wer

STk PYRPEMEB oS R POMSPTIORACY FEl BUITYAR pplotefiplly enter the
cbﬂmﬁ% Hot Sa%fkl"ﬁf‘%tec‘fr Endkihtads 'H?‘ thiVoVI fo@atm = 1839 pBFEdes a significant
FI'i pback of 8 averages with a of view of 2.56
alvaidp ic narhndbta:tm&nﬂl tgenanhof lung am@ o@hbtbmeﬁ; of Eangerr e

15A- 15B, nodul es of 1-2 pixels were detectable by the

conpl ex. Nodules NI and N2 were visualized on the M

scan. As they are so snBkhmfple3 pi xels) to determne

if they were actually giving si gnal above background,

éﬁr};q%nsi O O B N A A i M
0121] &0 (R e%?%%rtmdgteegﬂénfﬁa%ﬂﬂgﬁ Sshinebisise gliuigplagontol is very

diftRM L SHBE 8ld hBRuRARS 612’@@16% i 4160 BARSult. tmr@sdlﬁ pResented in

95% confi1 dence that the nodule is not noise but is

theBkamMesdreindndisato|thatrthy caunplikas of hlins 119@%1@1@ qén L‘f@nlm end transfect
nd .Nodul e 1 | att |ttoo

R e e et on R b S A e el S MR¥ompteces

ofifthi€ invielBeH Eenld be tlllé-'ﬁﬁglﬁg' 001 Ediploy eiwtormleasm effectivenesl of this, or
fixed in Formalin, paraffin enbedded sectioned and
any other therapy.

[0122] The following experiments were performed to demonstrate that when
administered intravenously (or via any other appropriate route, €.g., but not limited to IT,
ID, IM, IP) the complexes of the present invention carrying an imaging agent can detect
metastases that are not limited to those from renal cell carcinomas. Lung tumors were

induced in female C57/Bl 6 mice by the intravenous injection of 0.1 to 5x10° B16/F10



st ai ned usi ng H&E usi ng standard procedures well know
to one of ordinary skill in the art. The sections were

wexenrioawd1 by m croscope and the observed net asPasius2006/041139

[0123]

[0124]

phot ographed. As shown if Hyure 16 (|l ow power, 2X)
and Figure 17 (high power, 10X), two netastases with a

si ze of_ approxi ely 0.1 e f din the, .
B BAAAGER SRfal s Fastind G Hen angitser i Saife st cxclusively
in8e MRles of BR FiBhRNGA tRR! WBRE ab HEnd AP RN E&iSardBSpe of cancer that

measured on the MR image and was found to be .
eequlitsy il bng t1mes0either tas primaary hissese op eh metastdsest dippggximately 2-4

Th%%,l t hese extrenel ﬁ %rEaI | hi.stol ogical determ ned
YT ratth sanigels Y Fo bR t he nodul es det ect ed
on  MRCatisiid) Bpdsoeq@T AR DUPR)AV & frepeat bPthe clit@iol BY&htion method

of sensitivity of detection found here for |ung

reasawevigedy descgbeditsee U-hatnblinkad Ratent AppligaticneNodQ0g/0044407; Xu
e I i j - ]

Elso ik PR oSS PRt 2 R BCL000) Bl BB of cach of

whithrarcmooporatediasein Gyaafetance i Ehertapetsembietyangkd in these studies is

unexpected and surprising.result. Exanpl ection

e agﬁﬁzapﬁfemrhqecmwgsmﬁé? sin ey fragment (X fﬁ_sc%- |

;I'f RS CIrY ehi PsiBGNRY irflgih® 223k, (RERERNF) Gy dshRixed St t‘ﬁ_@lkl)iggsome at a

unor nodel system and T naging paraneters as descri '
siizoifs o Exhimpibnidl atbyoom térperFiugruford - 3B nanuies 4pitally <20 minutes,

RSCHBRFE - e R 30508 W R MR nd i

HRENAELit9Go@NEmBetafakd for N0 36 niif@es; BhitMy 598! minliRg] Mst suitably 10-
Wi th non-conpl exed agents which do not actually enter
{hanigutes. Veermprepasil dox & Havp dise, TS toagietrpsp Was gdded to a final
o ey ‘shgnifi y . ,

(PR B0 3:700E PR 12087 b SR BEER, R Subhse and 5% for
aéxteaacand. inkxtangd & BohnteanpeeduBdbedt 30 miniitebphiatablyas5-25 minutes,
Lung Metastasis.by TfRscFv-Lip- nevi st [.0121] Wth,
Peshaieblyol el miieh/ hee] ls(“;‘? deaéraa‘la[l dSgiRaging agent to
6l3s0y. PRk o SRR 16-3%RIYLiBb ol WhilabiP 186 ng¥ e 3Behnt to 0.5 to 1.0
m:e))asur en%nt o? boenef3i t g| sli":jaﬁf soec(gl:'uh i}gul % T%@gr gsul ?s 178
pRSdivtted 4i28 Wghkipbsemgnesst eitablynl g dineging agéndtto O ug TfRscFv to

exes Qf this invention can,reach dt fect
B PR L St patuole B Brheetur, & BREE of BsenaBoE pg the complex
1 8ah 4566120 MPNegy am, slifhlg S0RbeNeEmahdlibs ufMeIRt i0dNo 500 nm.
coul d be the imaging tool enployed to neasure

Biteo e vamples wis formsd esingdy/ SithdagnhestafPue| bippsqme and 3.3ug
glﬁ?scth I\Xﬁl&&%&?ﬂi@é@%ﬁﬂﬁ Dbl fonRs gf%)r med to

enonstrate en admnistered’i'ntravenously (or

=50

[0125] vi a anymothdtchcafingofs tumhas findiiced abovg. wadadesthetizéd and pldced in an

to IT, . . . .
animal holder system. Amnesthesia was induced using isoflurane at 4%, with the

remaining gas comprising a 66% oxygen and 30% nitrous oxide mixture. Maintenance of
anesthesia was achieved with 1.0 to 2.0% isoflurane (preferably 1.5%) under similar
gaseous conditions of oxygen and nitrous oxide as noted. The anesthetized animal was
positioned inside of a cylindrical variable radiofrequency resonant antenna (bird cage
resonator volume coil) and tuned to a center frequency of approximately 300 MHz (the
resonant frequency of water molecules when subject to a field strength of 7 Tesla). The

imaging protocol used was T1-weighted two dimensional Turbo Multislice-Multiecho’



ID, IM IP) the conpl exes of the present invention

carrying an i nmagi ng agent can detect netastases that
wane7atsii mited to those fromrenal cell carcPaDNEs006/041139

Lung tunors were induced if0female C57/Bl1 6 mice by

the intravenous injection of 0.1 to 5x| OG5 B16/ F10nouse

. . | ' hat
ELAEQRERE Aol DS AL O ABHSRLSE Al concre
Taadmbging IEWS ?&d&wem?@[l-v@eygﬁtmbqa (ﬁﬁﬁﬂﬁ&lﬁ&) Bhaging sequence,
ancer t t res ts n tunors elther _as ri
ﬁ @e%l‘s@s,ofR 44l %tﬂén E%gk saﬁép?lrJ B HaEE SYip azﬁqldw% e v of 3.84 x 3,84
c %ﬁra 2khe 2%'&1?&1% wt& yﬁ%@@@ fmddBBGhd S qu JQ%?tﬁé animal was kept

Cationic |iposone ( was~ prepar
iretobitiged imfhe aningal hmteln @dd aithersthp tﬁe\zl(ummmplﬂmd): Mekgadwst@ (gad-d)

‘{zgﬁe]/‘fgd‘%ﬂ[glf’ gaﬁ%p 3 engallf‘}«ggl I C}adﬁ]l:lt(l)(?%ﬁ@g}lnt of Mag (total volume
50160@ AL Shitfsly 100-38Fu13As( 4B(Bly 2d@ﬁ4(5ﬁu¥)°&kl§’ss§ys%ﬁ119§ll}ﬁ@cﬁﬁmstered

of whi ch are |ncorporated herein by refererice
using ge? 7@ gendie duy infeaendus inieelen éntadhedail yeinhe the ammal and the

L N T T T

negentd. The sdhetive was ustk & indagingt wigh bbhohe frseaindahe complex.
ﬁ pecific ratig and incubated at room tenperature for
€ MBS Wt p! Orgl‘ifltoﬁﬁF‘i}leSnQ]Cﬂaﬁf? ‘nutes, nost suitably

[0126] 10- 12sGhBWhes Fi [‘@( 1198( fo Wﬁ ga‘%giséso(ghja%) were detected in the

solution, m xed and agal h incu ate
llmgmaﬁmamjﬂcaoﬁ omtkﬂtheB@mplmﬁld&sLagmwﬁt%lﬁWg}S e mnagas espresent two
st suit 12 m nutes. When prepared for in
d e@%ltﬁﬁ%e %érﬂﬁg}bg’@hb‘"r 85dext rose was added to a final
[0127] COHCEHIp'l@iﬁ%} theGlleiticat BM6r BYddI ét%ml(Ba@%loniﬁtﬁltanoma) and imaging
0

sui t abl for sucrose and 5% for dextrose,
PHABIGISAE @cﬁbat/e piesnintenss ol punelastasts mangthemmabwas measured using

d’SFr 'n%g‘gyré’t;ll?n)gzﬁl ﬂ#%#tja goﬁf@%t aff batgleg)fn\é1 ng . ﬁ;ggl\ﬁéérge%ésﬁ t and after
TtIQsch&Bp-Meﬂg7antgth'EvaﬁléE\60h1paﬁeﬁ 38s Higbvial ROTAHIE 4 BdlbwatHeYcomplex

i magi ng agent to 0.5 to |.OQug TfRScFv to 14-28 u
Slm‘ﬁ@éstb?rsrea isenhangemest 9ver e bﬁgnwala@e’?he Ytandgrd Peyighion shows

e QAT Ind i M IOV En B S borwoen
F2e Magnt066 anthbasglint aiot. 50 to 7 nm and nost suitably

100 to 500 nm Here the conplex was fornmed using 4.7

ng Magnevi st, 99ug Li posone and 3.3ug TfRscFv with

dexgtabRse Gdﬂl;ﬁm'fséﬂ]@f SigRdl CIﬁt%ﬁilﬁ&é an ]?Pf6/f5ff(9 L RRtastsis

nmouse bearing lung tunors i nduced above was

Tueasmientt i zed | aM@xphamaRixeln | advengeRixeh¥alier | sStendard Deviation
Anest hesi a was inq;;caged using isoflurane at 4% wth
t he renmai ni ng gas rising a 66% oxygen and 30%

Bustli®s oxi dé m xtjogegs Mai Nt enanceregf; anest hesi a wgs7.2
achieved with 1 0 to 2 0%.isoflurane (preferably 1.5%

FreedMagevist i | at 17959 12979.3 T 207638
Complexed Magnevist® 22351 14341.3 2384.6
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antenna (bird cage resonatgy- volunme coil) and tuned to

a center frequency of approximtely 300 MHz (the

t f f wat | wh bj ect t
X b €1 Sbarngiaregionerdoes L2088 SRy g protbeol
XHSEdez‘é}?ST%or?@: Oh£4.0bW4¢ §8vysi onal  Tur bo

Mul't 'sl'i ce- Mul t i"echoi magi ng sequence performed on a 7T
X ke nl. BiloBpilar (Mediareni T2ISA}4 (29@@} ng consol e The

x5 AR AR Covat T gl aca R0, " 1w

R&A1E,; 4B Mdrbdunhagkiiahé 8:486a8¢ éa@@% with a field of
view of 3.84 x 3.84 cmand a 2 256 matri x. After a

Ryjhdel e, dnag¥ YnwdendaSeiui §&%41-12 102009 nal  was kept]c
B AR ST 8 o bl 110

CHédgs PRV, HupmdbGere ek apy 7CDI5-280n(1996) he i denti cal
anmount of M (total éol ume 50-100 suitably

Kegoted al. dgenalel ety HEERIGERITOMNS Subt omi val 1y
REGIMI(S! GlaSfbites 'wﬁ ®réd Faneadhe s@y bRy ga@mm (1992)

I'nj’éction into’'the”tall veln of the ani mal
EllivttgRig, a@quémcév Waéccadrr&edtﬁ%i'bﬂﬁjl@m(lﬁf?é)t ed. The p| er

A O bR 55, L B BT i1 15.

(1@91§pl ex The I magi ng was perfor rred on sequentl al days.
0126] Shown in Fi g re 19A-1

Pa"geél‘ qlalmdwb PreMaxifefasial 5@73 F?3t4l=’f@ 4I3é rﬁb%?%f ter
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[0128] Al publications, patents and patent
| catiaps nentioned in this specification are
WHATI%%W lgg'or porated by reference to the same extent
as if each individual publication, patent or patent
1. Aappkiheat i07n prgsarinpeGhf iagabddy-and iandbodyd URddnYent-targeted cationic
indicated to be incorporated by reference. T 1S
IrgmApEEDSPIBe compRXPOIMHENST preparing an anti body- or
anti body fragment-targeted cationic i munoliposone

conplex c .Sl ng. [ ti body or

antib%dy ?ggéﬁ%%%?m?g@hﬁgﬁgﬂgkgggﬁﬁgﬁﬁgbody or

anti body fragment with a cationic |iposone to forma

cati @i ¢ imrmgaaidesttwdy oshetibbdy Saigtheanwiithoal gationic liposome to
anti body fragnent.is not chemcally conjugated.to, said ..
cati oni ¢ FTBbo IO MPWOHRIEORE: svg?eaelba%%ﬁ%ﬁpefmdy or antibody
i munol i pgseARnis hbt HemidiNgicBRjugsedto d ERloRicIdiddome; and

anti body- or antibody fragnment-targeted-cationic

i mmunol i posone conpl ex. 2. The nethod of claim1, .
wher &)n afismgispddiptipaic ippugolipesemeayidh an imeging agent to form said
| i posone. 3. e t cleaj el n - .

ant i body rgaﬁgnt%quﬁgggi mﬁ?ga%%%t g?f%ﬁ?@e immunoliposome
| i posone. cdmplElke nmet hod of claim3, wherein said

anti body fragnent is a single chain Fv fragnent. 5.

The t.h of claim.4 rein said antibody. fragment

2. theglfegtteidin sefis'sn #lonk G Bl gR b oply 1ostthe.
(TfRscFv). 6. The nethod of claim1, wherein said

3. TaBth&hey oIr claimi i1hasherdih agmemtibddy ARcragiti isHiERed with said cationic
anti body or antibody fragnment. 7. The method of claim
liposofgfer ei n sai d anti body fragment conprises a cysteine
noi ety at a carboxy term nus prior to being mxed wth

4. é‘h{%ﬁlﬁﬁtdf‘&ﬁﬂiﬁd WA Erid §ntib-5!ag fﬁgzﬁﬁfjis %fsir%%;ﬁél{%iﬁlf‘v fracrnent.
urther conprising mxing said cationic | nol | poso

with a peptide conprising the K[K(H)KKK]5-K(H) KKC

5. Theloethod SEQaiD MGvhetdinpept andibod9. frapneentes o dntfrapfairin receptor
1 erein [ ationic |iposone conprises a mxture
S@gle\gﬂgmgl#v ﬁﬁé‘%é’gﬂ onic |ipids and one or nore neutral
or hel per lipids.10. The nethod of claim1, wherein

6. Thaintktied bboymOr, vativrdih e AdtdgdR vl anfbodyX Gdemérdttis @i Hhti-HER-2

antibody or antibody fragment.

L]

7. The method of claim 1, wherein said antibody fragment comprises a cysteine moiety at a

carboxy terminus prior to being mixed with said cationic liposome.

8. The method of claim 1, further comprising mixing said cationic immunoliposome with a
peptide comprising the K[K(H)KKK]5-K(H)KKC (HoKC) (SEQ ID NO: 1) peptide.

9. The method of claim 1, wherein said cationic liposome comprises a mixture of one or

more cationic lipids and one or more neutral or helper lipids.



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

cationic liposonme at a ratio in the range of about

1:20 to about 1:40 (ww). 11. The nethod of claim1,
woher@uressai d cationic | i posone conprises a m RCOMUS2056/041139

di ol eoyl tri nmet hyl anmoni um phesphate wi th

di ol eoyl phosphati dyl et hanol am ne and/or chol esterol;

ni.um br om de

THE tnﬁeﬂgﬂ {)fé%l}glng ol %1{] %ga)}? ﬁ%\on M al%/na{nﬁlgng}h gr/aglpent 1V fitked with said
cathhcelsljcgbmle at ii’atloﬁh&hé‘rﬁhg@df gouc:20m dbourhergiwiwpai d

cationic |rmunol I posone is mxed with said i magi ng

ent t|0|nthe range of abgut 0.1:10 to about

T 1m§@0% ﬁg vaESR : saidy qaf 1%%}%%9%% COMREsGTef HgKture of
dRfiedtAmY: lan\MBSﬁi%hf‘ aégpqa £ 1fo1doFIBHS

e vmthllwy sai d wraé’ﬁ Sgent at a7 at ﬁag’%ﬁ%ﬂélﬁmﬁ and/or
chjestdyolit dr 28 (nyxfurmgiofig digetityldigptidepplomegnivrih4. bibhdde  with

e el Mo e R, i ng agent at o

nolar ratio of about 1:21 (ng inmagi ng agent: ng

The postho®)of Asim Thevigedih alidtatidnid indunbhigssehid ﬁahﬁ(ed with said
i magi ng agent | s, a nmagnetic resonance

i ma
igagang agent ebirpritoet the ige A5 1Yo 10 fuagbery %alggﬁimg dimaging agent:
“@ﬁéb“ﬁi em ssi on tonography (PET) imaging agent. 16.
od of claim 15, wherein said MRl agent is

gadopent et at e di negl um ne, iron oxi de, or iopamdol,
Thainkthid ioffegaing 1agﬂrﬂre1n salthcativiic imfdiunsligdsofa! isnﬁalxedr with said

sai,d PET i nmagi.ng S
Mg SegFEbIhA f@‘ﬂ? |0§ al?%lt |_1>=1@‘| toabad 1¢3fnyg imagingageat pg Hipesome).

i mmunol i posonme conpl ex prepared by the method of claim

The m&hodVof "’bnﬁlhpqd%vhe%m anifd p?tﬂ%uéc ﬁlﬁgﬁ'ﬁgﬁ%c;saﬁlgefseﬂlxed with said

cationic I mmunol IpOSOﬁ‘E conpl ex conpri si cationi

irhaghogsageat atemalat Fdtiodyf absutdrd | (mogjynafgji@@nt pg dipokoatt).
i magi ng agent, V\,her ein said antibody or antibody

ra s not c m.cal ]l y. conjugated to said cationic,
_ of §lgim 1 SURERYIR GRICLITF AR SE9E 4% BrTEAISHpITESPIgRee imaging
(MR@} Ak av‘aﬁﬁlﬁit&i %&hggﬂaﬁﬁg'(@Q‘EQHﬁgﬁg' SetPCHPAUPAiSSh emission
Wi thin said cationic | I posone tionic

tonragrapdlyi(BEBE pimeagingpdenk of clai m 18, wherein said

i magi ng agent is associated with an inner or outer

THP%W{)’% glolrrnz a1'C ofp ae'fe')%ﬁ) n;'fu% Wrﬁgf%t 1sv‘%?(]gipgefrﬁeet§t§ (ﬁmegllumme iron

oxitié,i froidpaihidegnend @13 iRagihg GleentCR Mainfry ibaiag e Naling, 2or said PET
The cat i oni & Lmmunol i posone conpl ex of claim 18,
IngeaneAgsnLls; F-AnerBhayiuorabhelisose SFRE

A cationic immunoliposome complex prepared by the method of clainy 1.

An antibody- or antibody fragment-targeted cationic immunoliposome complex
comprising a cationic liposome, an antibody or antibody fragment, and an imaging agent,
wherein said antibody or antibody fragment is not chemically conjugated to said cationic

liposome.

The cationic immunoliposome complex of claim 18, wherein said imaging agent is

encapsulated within said cationic liposome.



20.

21.

22.

23.

24,

25.

26.

27.

28.

anti-transferrin receptor single chain Fv (Tf RscFv).
23. The cationic imunoliposone conplex of claiml8,

woher@uressai d anti body or anti body fragnent i sPamWuUsS2006/041139

anti-HER-2 anti body or antipody fragnent. 24. The
cationic i munol i posome conpl ex of claim18, wherein
T??gi d.cationic |jposone conprises a mxture of one or

rRUELE; THPEqLiPRQIEe £EDEe ob Claisr 1S, nehere said imsigingr agent is

abdoBiaftd - wi i k@ h&nd x of

O T e ek R RS e

and sai d cationic |iposone are present at a ratio in

Thp satiepigsnsanelingaeme comples wivtaim 18, #hefem vgid aRBbodhfeagment is a
i oQni Go.J nol i posonme conpl ex of claim 18, wherein

Sl{gg%etfﬂgfgﬁ‘)o%%tposone conprises a m xture of

di ol eoyl tri nmet hyl ammoni urn phosphate with

THeé citiomyd iplosphipbistt eérh?l@ﬁ bfBlaiie 18N REinGhR ﬁfﬁb@d}ghhgment is an

e

xture of dinmethyl di oct adecyl ammoni um br om

or.a m
%&"FH“%%%%BW%@%@%F\@{%@VM ne and/ or .
chol esterol. 27. The cationic inmunoli posone conpl ex

ThE c&lcHidnBundiiRE6e Bfiptx SBGARY 1 R9§HreANLid Mihody o antibody
cationic inmunoliposone are present’ at a rALT 0 1t NS
fragimepe inin abHERG2 antilpdyer abidhadyGragni6t.(ny i magi ng
agent: ng |iposone). 28. The cationic inmmunoliposone
e X ' rein idi i.ng .agent and,
S A N SR -
camprises af madaretoflonbAod Mot eationis BSid§ BB loRB WrNBoROSR al"Br helper
1.I.i gosome) .29. The cationic immiunoliposone conpl ex of
% m 18, wherein said i magi ng agent and said cationic
i mrunol i posone are present at a nolar ratio of about
THs akichiink AR IDsGEE RbmBEx! ISR, windein AR &tﬂ}cﬁoﬁylo‘f antibody
i mrunol i posone conpl ex of claim 18, erein sai
fragragyt nyd sgidratiogicdipaseynetd preses ahanatio inrdgi aged MREout 1:20 to
] conmput ed tonography (CT) inmagi ng agent, or a
ab%%ﬁ?%‘?é‘%@m ssi on tonography (PET) imaging agent. 31.
The cationic inmunoliposone conplex of claim 30,
Theh eatéinic $@indindhosagRnEonysled FCRART 28 AlwheinREHIUSIHRRIC liposome
i ron oxide, or iopamdol, said CT inmaging agent is
COMISE  iPodi FEXKBE saPf ne dideoxdigimetiptamineniyiong  adpestthates  with
didRbyIsnpRNYaysth e 9! € ol S2: o NE ;
'catsl?grl](igg imﬁo%#g%glgr%e ca%ﬁrr%?ex(cg etolm 187 f @t papxture  of
dimethyldigitadpcglammonium bromide with dioleoylphosphatidylethanolamine and/or

cholesterol.

The cationic immunoliposome complex of claim 18, wherein said imaging agent and said
cationic immunoliposome are present at a ratio in the range of about 0.1:10 to about

0.1:35 (mg imaging agent: ng liposome).

The cationic immunoliposome complex of claim 18, wherein said imaging agent and said
cationic immunoliposome are present at a molar ratio of about 1:14 to about 1:28 (mg

imaging agent:pg liposome).



29.

30.

31.

32.

33.

34.

35.

36.

37.

K[ K( H) KKK] 5- K( H) KKC (HoKC) (SEQ ID NO 1) peptide

associated with said conplex. 33. A nethod of imaging
wanoargasior a tissue in a patient conprising PCT/US2006/041139

adm ni stering the cationi €52 namunol i posone conpl ex of

claim18 to the patient prior to performng said

L magi ng. .. 34. The nmethod of ¢l aim.33,. wherein. sai.d .

THERRI it DBt roRer of PRV B undaR St peont ond said
chtini AIRUAEAI1IRDs YRR ipBéseAl 4t @MnolilYafi@ OLABBR 1:21 (mg imaging agent:pg

adm nistration, intfaocular adm nistration,
lipegomeper i t oneal admi ni stration, intratunoral

adm ni stration, intranasal adm nistration,

{0t ebe : L Ni j 1 bcut apnequs . . .
ThERRASEE BRGRARSE L P shim 15 AT B4 mesipe asent is an
nisghctiterebonafcdmndginy (MBDPidest, AGoReitdl Bleigaphyt (hH% imaging agent,

cationi ¢ i mmunol i posonme _conpl ex of claim18 to the ,
OHRPPBHEIN PRISHPN tInEAPlyr (RETY maaging pgsyi ng. 36. A net hod

of imaging a cancerous netastasis in a patient
TRO "GibiicNEnAHRIYISRE | EndIBE FRLiAR! S0, WHLAM | DRSMIRT agent is

conplex of claim18 to the patient prior to performng
satwipanictategdimg gludtine, ihen esitiont iopancidal, said T winegiep agetiisl barium,
- adm ni stration rises intrapenous adngni stration
i e TeE L, B R RE e ) R PR i ord D 31lc3Re DG

adm ni stration, intraocul aradm nistrati on,
Thet capei¢ t heaholisbibmies tdoatplan, of Ntlbih UMY alfurther comprising a

1njstration, intrapnasal admnistration,, . ) ]
RFREDR ok bRt REY Z5EDh Tbr N i tnebidassssociated with said
C@rg{%gi stration. 38. The nethod of claim 36, wherein
sal d adm ni stration conprises intravenous
admi ni stration, intranuscul ar adm nistration, :
A methad eofnptagagnamiozganaoi arfjssieniy aqutiestr comprising administering the

LGSt SDEBRSTL 57 FE A& 5t petoming s
imdghamgi stration, intracereberal administration or
subcut aneous adm ni stration. 39. A nethod of inmaging
and treating a.tunpr tissue in a qﬁ%‘t ient suffering
The ofpetheAc ot cbipr i35k niyhstsin ntaid epdmigististiop acpmpriecs  intravenous
adlﬂﬁ}é‘ﬁg{igrpoﬁﬁfﬁﬁiﬁgﬁgll ei&rrﬁﬁiaﬁétgirlﬁm lﬁﬁflae‘?mtap CadhibdsG3fiod, Cintraocular
I mage theé tunor tissue and adnfnistering an
administrefog eintageniobnéad  adeingattient ibattmeat ddhdnisteaion, intranasal
i ssue, 40., The. nethod. of ¢l aim 39, wherein. said,
R e AR R A SR SR
i ntranuscul ar adm ni stration, intradermal
AehiRtHdd S ﬁhag}ﬁg d BidcRRsN | Sl Nbalidnt doRibrising administering the
i ntraperitoneal adm nistration, intratunoral
caiigmcnnynyRalipespme gemalexsefi claim 18 to the patient prior to performing said

imaging.

-

oo Y

a

A method of imaging a cancerous metastasis in a patient comprising administering the
cationic immunoliposome complex of claim 18 to the patient prior to performing said

imaging.

The method of claim 35, wherein said administration comprises intravenous

administration, intramuscular administration, intradermal administration, intraocular



38.

39.

40.

41.

42.

43.

44,

45.

46.

adm nistration, intracereberal adm nistration or _
subcut aneous admi nistration. 4 1. The nethod of claim

wGB200whmsei N sai d anti-cancer agent is a PCT/US2006/041139

chenot her apeutic agent, gerf@-or small nolecule. 42.
The nethod of claim4l, wherein said chenot herapeutic

F e . group consi sting,of . . }
0kt HFE AL AR, SRR JaRlpgrion. s
adetihitratidn, ltaicenc¥dral adhenhBtrit GBordubiithndoad s@hind@RAbn.l S

associ ated with said cationic inmunoliposone. 44. The
t hod,of cl.aim 36 ein sajd antji-cancer agent is

whe . >
MEedn St Ry oRbic %(E?PPH‘e @K apflmainisfgationy sconyprases  intravenous
BBt A SO C AOLARI Simpic i
aslministrateon, nimtrapdritpoesb reelmidBirative mbtitvorbralfl adhdiistra®i®n, intranasal

erejn.said antj-cancer. agent is.delivered before or
SR P B bar R oAk o s s dry ispation.
met hod of claim 46, wherein said anti-cancer agent is

Aeahetiied of iflagingagid &dathpus sukef GkicOin AfpaBéntt f€fering from cancer
cationi c i nmunoli posone conpl ex. 48. Thée met hod of

Orisingoadmigstarme theneatiodicn ynmygnelinosene i spgmlenioftdlaim 18 to the
L ) N . . < > .

AEEC0tab L%, A5L 0k EUEMGECl H D TR e o e ptent o

tkat thedemotissue120> Tunor - Tar get ed Nanodel i very Systens

to Inprove Early MRI Detection of Cancer <130>

474, O%SE@% i150> %JS 6€/ 728, 303 <151> 2005-10-20 .
6 act0d 1 95 ClFI o Ay WHRPE; SALds, Bighalion gopprisgy  intravenous
adRtigiztriiidh, <Akdmuduldrl béhalist2BeH e B6®adermal administration, intraocular

administration, intraperitoneal administration, intratumoral administration, intranasal

administration, intracereberal administration or subcutaneous administration.

The method of claim 39, wherein said anti-cancer agent is a chemotherapeutic agent, gene

or small molecule.

The method of claim 41, wherein said chemotherapeutic agent is selected from the group

consisting of docetaxel, mitoxantrone and gemcitabine.

The method of claim 41, wherein said anti-cancer agent is associated with said cationic

immunoliposome.

The method of claim 36, wherein said anti-cancer agent is an antisense oligonucleotide or
an siRNA.

The method of claim 44, wherein said antisense oligonulceotide or said siRNA is

associated with said cationic immunoliposome.

The method of claim 39, wherein said anti-cancer agent is delivered before or after the

cationic immunoliposome complex.



<220> <223> Chemi cal ly synthesized - HoKC <400> 1 Lys

Lys His Lys Lys Lys Lys Hi s Lys Lys Lys Lys His Lys
waypeo7logmsl 5 10 15 Lys His Lys Lys Lys Lys Hi sPCYRISkops/041139

Lys Lys His Lys Lys Cys 20 6. 30

47.  The method of claim 46, wherein said anti-cancer agent is delivered at least 12 hours

before or after the cationic immunoliposome complex.

48.  The method of claim 39, further comprising administering radiation therapy to the patient.



