WO 2007/047981PC14182006/041139 TUMOR-TARGETED ,
NANODELIVERY SYSTEMS TO IMPROVE EARLY MRI DETECTION OF
CANCER BACKGROUND OF THE INVENTION Field of the Invention
[0001]The present invention is in the fields of drug delivery, cancer
treatment and diagnosis and pharmaceuticals. This invention provides a
method of making antibody- or antibody fragment-targeted
immuRSihE¥EdHiEs for the systemic delivery of molecules to traiTaHg06/041139
image diseases, including cancerousitumors. The invention also provides
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{0002] The ability to detect cancer, both primary and metastatic disease, at an carly stage
would be a major step towards the goal of ending the pain and suffering from the disease.
The development of tumor targeted delivery systems for gene therapy has opened the
potential for delivery of imaging agents more effectively than is currently achievable.
Magpetic resonance imaging (MRI) can acquire 3-Dimensional anatomical images of
organs. Coupling these with paramagnetic images results in the accurate localization of
tumors as well as longitudinal and quantitative monitoring of tumor growth and
angiogenesis. (Gillies, R.J., et al., Neoplasia 2:139-451 (2000); Degani, H., et al.,
Thrombosis & Haemostasis 89:25-33 (2003)).

[0003] One of the most common paramagnetic imaging agents employed in cancer
diagnostics is 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



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 WO
2007104798PCT/US2006/041139 inert. However, after iv. injection of
gadbpeétitetaizsdimeglumine, the meglumine ion dissociates firamisen06/041139
hydhophobic gadopentetate, which is -distributed only in the extracellular
water. It cannot cross an intact blood-brain barrier, and therefore does not
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also insufficient uptake by small tumors of these agents, and thus poor
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cationic immunofiposome complex comprising preparing an antibody or
antidBesy fragfherlt, Hiiking thie Rastibldip ofesnstibolifpraytmentwittodules or pleural
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immunoliposome BRI{HeSUBKemMEanCantiyogd yrggrgntsor use in the

practice of the present invention include, single chain Fv fragments, such
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antibody ar antibody fragment. In additional embodiments, the methods
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antibody fragment is not chemically conjugated to the cationic liposome, 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



liposome at a ratio in the range of about 1 :20 to about 1 :40 (w:w).

Suitably, the cationic liposomes comprise a mixture of
dioleoyltrimethylammonium phosphate with

dioleoylphosphatidylethanolamine and/or cholesterol; or a mixture of
dimethyldioctadecylammonium bromidg with

dioleo lphos hatld ethanolamine and/ r cholesterol 7
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the tissue that is imaged using the methods and complexes of the present invention are

cancerous tissues, including cancerous metastasis.



metastasis model by the TfRscFv-Liposome-DNA nanocomplex. The

same tumor nodule in the liver indicated by an arrow in IA exhibits intense

13-galactosidase expression in 18. |A - gross necropsy; IA = tissues after

staining for Il-galactosidase. 100131Figure 2A -2C show In Vitro MR

imaging of 1(564 cells after transfection with the TfRscfv-Lip-Mag

nandeoiipleRosA - time dependent transfection. The values giverva®o6/041139

relative intensity. 1B - shows variation 4 relative intensity with the amount

of Magnevist(r) included in the complex Cm ult. 2C Comparison of relative
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[0014]Figure 3A-1 show improved Ma imaging in two different models of
cancBPUSIN BIEISReRtP TS S6 e VRS H AHGBAH JR K31 E A drEg Eshid, tumor
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e B S, P o man
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4A-Crehewy SEMoPhagé images of liposoines without MagnevistO. The

images appearing in 4A, 48 and 4C were obtained at setpoints of 1.68 V.
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ubstrate and the mechanically compliant lippsome are -3.5, +8', and +40.
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1A = gross necropsy; 1A = tissues after staining for $-galactosidase.

[0013] Figure 2A -2C show In Vitro MR Imaging of K564 cells after transfection with
the TfRscFv-Lip-Mag nanocomplex. 1A = time dependent transfection. The values given
are relative intensity. 1B = shows variation in relative intensity with the amount of
Magnevist® included in the complex (in pl). 1C = Comparison of relative intensity of the
TfRscFv-Lip-Mag complex versus free Magnevist®. The small circles in all images are
markers for sample orientation.

[0014] Figure 3A-I show improved MR imaging in two different models of cancer using
the Ligand-Liposome-Mag nanocomplex. 3A, D, and G show the differences in MRI
signal in a large pancreatic orthotopic tumor (arrow) (4 months afier surgical implantation
of the tumor) between the i.v. administered free contrast agent and the TfRscFv-Lip-Mag
complex. 3B, E, and H show a similar effect in a second mouse with a subcutancous
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. v

[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, 145V, and

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



(Lip+Mag). 5A is the Atomic Force Microscopy topographical image of the
Liposome encapsulated Magnevist(r) particle. The SPM phase image

(setpoint - 1.6) (5B) and 15 key SEM (TE) [Transmission-mode electron
detector] image (SC) possess similar contrast, although generated by

entirely distinct complementary physical mechanisms. [0017] Figure 6A

and¥1 P$HIWRPM topographic and phase imaging of TFRSCREGHLS2006/041139
1-Mag nanocomplex. 6A is thel5 key SEM (TT) [Transmission-mode

electron detector] image of the full nanocomplex. 613 A lower power
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suggests that the cause of this interaction is the nonuniform toroidal
distriBERRSHEP MG RS R RATH AR RDT NMatigistdmeantiBMt and o) (5B) and 15
noninagrigtid SPR) mhm&ﬂﬁa&g&wd@%b%gmrea&%ﬁl&sg@%m)m&veﬁ similar
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e L e R e BRRRD Ml o o o i
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[pe@nplexes ghtberpresentinveswion iv-a.Aaneraatic,caLcinemMamogdel @ hic and
compared.to free Mag. 100221Figure 1 1A-11C shqws MR imaging of .
pan(%%%lt%ccgt[ﬁ‘ésgr e gslPaqsl?(fa%s_n%%/ Maﬁl-gc%rhnﬁ?iéllﬁl %etr%}s p)fi%%fél% (S‘f%e is an SPM
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MR ipRaing Obiung el ABeRESke signal in 7B consisting of attractive and repulsive in-
plane magnetic interactions suggests that the cause of this interaction is the nonuniform
toroidal distribution of Magnevist within the NDS, consistent with SEM and nonmagnetic
SPM phase images.

[0019] Figures 8A-8H show improved MR imaging in two different models of cancer
using the Ligand-HK-Liposome-Mag nanocomplex. Human breast cancer MDA-MB-
435 (Figure 8E-8H) and human prostate cancer cell line (DU145) (Figure 8A-8D).

[0020] Figure 9A-C shows tumor-specific targeting of a CaPan-1 subcutaneous 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.



by Mag-comprising complexes of tile present invention. WO
2007/047981PC1911 S2006/011139 - 6 -'(00241Figure 13A-13D shows a
greater enhancement in MR imaging of renal cell carcinoma lung

metastases by Mag-comprising complexes of the present invention.

100251 Figure 14A-14D shows greater sensitivity of detection by MR
imadiRg¥f &l renal cell carcinoma lung metastases by MagE€bipetg! 139
complexes of the present invention. 106261Figure 15A-15B shows MR
imaging of very small metastases by Mag-comprising complexes of the
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mag#ifichtioh efFigure 1612 0828EFgUre MBA-d8mshiow MR nagifigiof present
metagiasgsqn the subp eura. of the lung by

[0026] Figure 15A-15B shows MR imaging of very small metastases by Mag-comprising
complexes of the present invention, demonstrating the sensitivity of the complexes of the
present invention.

[0027] Figure 16 shows sections of metastatic tissue confirming the detection/imaging
seen by MRI using the Mag-comprising complexes of the present invention.

[0028] Figure 17 shows higher magnification of Figure 16. ’

[0029] Figure 18A-18F shows MR imaging of metastases in the subpléura of the lung by
Mag-comprising complexes of the present invention.

[0030) Figure 19A-19B shows detection of B1¢/F1o melanoma lung metastases by Mag-

comprising complexes of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

(0031} The present invention fulfills a critical need, that is, enhanced sensitivity and
tumor-cell specificity for early detection and differential diagnosis of tumor versus benign
tissue, by providing nanocomplexes for systemic delivery of imaging agents, such as
magnetic resonance imaging (MRI) agents, such as gadolinium, gadopentetate
dimeglumine (Magnevist®) and, iopamidol, iron oxide; barium, iodine and saline imaging
agents for CT; and 18F~2~deoxy—2-ﬂuoro—D—glucose (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.,
etal, J Cbll. Interface Sci 250:303-315 (2002)) have been used to examine the physical
structure and size of these imaging agent-carrying nanmocomplexes. In the case of
gadolinium, a high—atomic number element which possess a large fnagnetic moment,

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



Mag-cemprising complexes of the present invention. 100301Figure

19A-19B shows detection of 1316/1710 melanoma lung metastases by

Mag- comprising complexes of the present invention _ DETAILED
DESCRIPTION OF THE INVENTION [0031]The present invention fulfills a
critical need, that is, enhanced sensitivity and tumor-cell specificity for
eanfyREAHBI tand differential diagnosis of tumor versus benigAisswe o 3o
providing nanocomplexes for systemig delivery of imaging agents, such as
magnetic resonance imaging (MRI) agents, such as gadolinium,
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(Cristiana RS, iehb DT {CancerGene Th 3:49-57.(1996);,

Chéﬁr?grlb;'\%ﬁi ‘&E&lagnwé’e%fg%&cé‘ﬁy 57??85 (%%06%56? ftS r%%d%ﬁ?a i 111
of the Li383dmédosatsis thetAd iselslyapleirbinaetizatiele dtivepjdedverioping
theiepayiaad tadtenesicelisniytrals@ inoreases ihe Yansigetiopgfficacy of111-

the, lj Transferrin receptor (1112) levels are elevated in various
(b ARG ST o B Pt AE e B (L SeForrRploxes
et alenloumadafddiiolodyre 43188438 5:¢]1 890 cRosdi, [Ms@tatdncbdBitanents, the
B 4Sety ((1:4).89; - ): Elliott. RS. . et at .
A it RBle SR L s
1., bsdy ferersmh. (IO est o Supping/me ey 15099 B F Migfathoth, frmunol.
et at, Inel. J. Oral Maxillofacial Surg. 23:430-433 (1994); Ponica., P. and

Lok, C.N., Intl J. Biochertz. Cell Biol. 31:1111- 1137 (1999)). Moreover,

the Tflt recycles during internalization in rapidly developing cells such as
cancer cells (Ponka, P. and Lok, C.N., Biochem. Cell BioL 31:1111- 1137
0999)), 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
antinrancfarrin recentar cinadle chain antibody, franment (TfR<ecrEVv) ac the



WO 2007/047981PCT/1JS2006/041 127:347-351 (1981); Harm, J.K., et

at, Molecular & Cellular Biology 11:2200-2205 (1991)). TtRscEv contains

the complete antibody binding site for the epitope of the DR recognized by

the monoclonal antibody 5E9 (Batra, LK et al., Molecular & Cellular

Biology 11:2200-2205 (1991)). TfRselly has advantages over the IT

molEI¥ HEEM 'or an entire Mali, in targeting liposomes to cams@risailes/041139
with elevated TTR levels: 1) the size of the sePv (28 kDa) is much smaller
than y}e m lD ule (80 kaaz%r the parental Mal) (155 kDa). The

sav- |posom§ P Moy thi edflsitdbattdr pefdurationidgtol$200-2205
capill&Aey. &tﬁmEMMaamftselmdxﬂpm@rsnta)ot{]ﬂgﬁmﬁ%%ﬁt%@tﬂ@@pﬂ e of the TR

pl’a%'&?élﬂ& a9¢ ﬁ%lx?(;glgnﬁ %%bso%al%% e{(g?;jl on r}gtcg%fggé{agréh %ellular

clinical trials, 3) the say is a recombl

prodtiedesikd %azﬁﬂé%?r@ééh%sn%vdmgéva@ﬁ@pmarmmmmmm or an
by sood batépathagensodnwinouihe EaJ @9&9@1&%9@ ”M@t?e\/t{} @%He size of

of cific b|nd| hro h Pc receptors is eliminate
R. %@B%%??@? (EB /%ncer ]fg"f%% (T@gﬁ)‘)‘eé%w aﬁther [Rrental Mab
sindgie SHA: aﬁh‘bé@ryfﬁﬁl@lmfe% tamggteannmrmnere@uﬁ)ly aétﬁetrpgi,@ﬁa@ion into

catlﬁﬂi@lll@pﬂ@ﬂ&—@%momp@gmpr tiglly to tumors
S (imaet afgc%i ? cuzi]apmmcal

Pub vQStg Igat% %})% cation No. 2003/0044407,

cine 7:72 59?‘%’%(% p&d&f“%?é&ﬁ%ﬁ(fah@érchh’éﬁép@méé the scFv
I 33?@&60&@9%9 @malpmu“gamagﬂﬁmst@) IMag)ndthieks $6d2:s no danger of
Lumaftergetechnanaiom BieKEs AR AANIATER IO nIANSe R Sen SN

gh%eltsgctlo Ig)of tunt]or metastases and diagnosi cancer GaddThR
open d1 NGt ‘fl\?lé?&ﬂé‘?ﬁs?&fﬁ)‘gfb'ﬁﬁﬁﬁ%loﬁ?dn @ﬁd@t@hfﬁa% RK.
|odﬂd\’é andsaling imaging agents: for CT03and 988)). Such an anti-TIR single chain

18hEntiishRoXydlueresl-alucoss MG)and.pther imagin a ents for PET,
as well as any other curr%lr%t contrast a Z%en? n(()%lellqulnfcs) one ot ordf gpﬁs%?DNA

in the art Re el A8 A9 Ritite tERtFast2g &Rt oF iviig Rigent eplicdien No.
de@@ﬂ%&f{é@@ forMRY, @T, PERqEPEQD,%e.)2ANn 280 BBo1), Xu L, e al,

engapsulated-within nol resent invention. [
0033 ntibody- é%uaﬁ%gg&[??ag?n%%g? (fgdS catonte't ﬁb%%M@gﬂewst (Mag)

W3 SUoth 2 JepsrddrEEnarrreineentidiraradmatiedbyia simpledisehsitvity
eff:mé netrotiechemical @mmg@émmtjgggsip whighdh emgg&gn&&% gﬁ%tate

degired. compl d fogether in a defined ratio and in a defined
order %ee u. ERSI Publis é%én i Applicatis §NB”?6‘6§R5’0%4%17)"3}F‘%11113€1H};

reSi At %%Ié‘%éégéré %Jé‘ffééiwéoa@ ginmré‘@ﬁia@mmmhﬁﬂnﬁm@dgems for
coRfplexesin whichdhe: allitb&d%ﬁfa@t”&%@%@@ﬁ REREIS RGN in the o,

The't lex
) B Gk e S YOHEA ST (e  or M

"cSrhpfdRl: Shfoeotipies? Hlmmharonanooorhplakii 'Hip A5 OMETPEIPIEE of the
arerasadiiverchangeably throughout to refer to the cationic Liposomes of
[003%519 presr;\ﬂtt |bnv ntlon 0193 ither a whole antibody or an antibody :
fagment can be uSed'to e EBm s edoraRNAVEPRRSIIN suftploles in
erApRseiaTsAtS/iENn %%mnuodytfpag Ane nﬁaﬂeusk@d aPsﬁ@{@l‘élblLyd the @B 8y chemical

fragryeatismasingle. chmRwndT anégtggg e prefened

antibod ﬁ/ %fs anti-Tilt monoclona ant ody and a prefere 6’86?/1 together
fragnieht'1&" r%ﬁ\f‘%é’éoaonegﬁeérﬂmpm(mn@ﬂori’abaﬁmdoayteﬁt SAptabigion
aieDRON6MBENal Hretibadisis SR ISRE oR G JHBYES: e@ GrfL3l effective than,

faM 1 clon | Antibody (5E9) that Defines a Human
C%ﬁﬁé%%ge égr%gg%n 0 gnﬁ |vaiir‘6r(1) ; %?t}ﬁﬁ?%&?&ﬂfév%&%ewl{nmpgawd

B&Rral9. Kinoserae @Iﬁ@%ﬁaln Thentimotosins Divectaeal ittt osome,”
Transferring Receptor Containing Pseudomonas Exotoxin A or Diphtheria
Toxin: Anti-TFROtv)-PE40 and DT388-Anti-TER(FV)," Mot Cell. Biol.
11:2200-2205 (1991); the disclosures orwhitth are incorporated herein by
reference). An sofiv based on



--5E9 antibody contains the complete antibody binding site for the epitope
of the Tilt recognized by this MAb as a single polypeptide chain of
approximate molecular weight 26,000. An scFy is formed by connecting
the component VIl and VL variable domains from the heavy and light
chaing 2¥edliéttively, with an appropriately desigmed linker pefStiies aiiieH 139
bridges the C-tenninus of the first variable region and N-terminus of the
second, ordered as either VU-linker-YE or VL-linker-VH. Another preferred
antibodsa aniidEdRAdonasianab ARORKAN AIRLPIEIRIEE are usea
ant'b%gé/rg%%g%?t is an FcFy based on an anti-HER-2 monoclona _ '
antibody.! i SOt ErBTdintentatianis treme ineldly rcsetidrygstion.
[M¥IC- ermiRiikeofahehsbFentiblihoughunotniitshing ignbe baundoytieasYiltke the
s belispebabing sl WHE L AIBKAER IS RUIUNYANG &R ic usea.

enhance the formation of the complex between the antibody

lipos fﬁfﬁe%ﬁﬁi@% mia&‘?éﬁ‘ﬁéé‘d’ff@%lqrﬁ%&cﬂibrﬁawrgﬁg;o@fm%mbﬁ@ One
cystai ¢ prdtedy can heiexpressediindt cabdnglusianhedies AR Ragment
refoldedhto-pradce he,Abedy fIBQmentin actye farm, [ge3eln' ;‘fﬁ :

is desired to use a sterically stabilized immunoliposomé i the F8fmatigRCgpcional
the cOIHNEY, 18 Y <68p if-fnalirngshB Eonmlek ctithprsiesztiringa Monoclonal
oty 07 ar ey 1ROt oL e oe (oae pos D U A A on”
anti , S.

P A DN S o o TG Vo Direced
catiohifc lipBesnieugreingdtarinion & prégiiratiBreotory@s Exotoxin A or Diphtheria
20(17Hi47 ABLPOR(BS2006/041 13551 Aimiheeamplenss eLiis inNveringe ooos
Publeg PCT anpliceion WO99126920 descbes the preparaion of
several cationic liposomes. Examples ot Gasirabie ipoSBrmas heifes v based on
thoselthartbrdprisataitmitarsopldiolevyheimdtintamsiomurthphosphate the TR
(DOTAGIhaRd sioleewphosphatididelnapolatinge.(Ps? B@(ﬁ'ﬂgé% molecular weight

chol 8 8' (¢chal.), a ngixtu[ie of dimethylrlioctadecylammonium bromide .

(DDZl’g{an DEPE andISH oo FSE TR b P IR Tiisttfs Ch A e Watrsibls domains
optirﬁiZé the bffivicaey bliptakesof thesthierbperitic molpeuleifaniheesigned linker
spegifisitarget; Cedype «1he lipRsame a0 ﬁﬁ%&%ﬁ%@f%ﬁ“ﬁdﬁ?@%ﬁm of the

more catici)ni%lipi%s and one or more neutral or he\lf%er lipids. Sir '
ratio of cationic TpfiE) NETHEH hetp LBk Y¥lastaterorsiayed antibody is

prefenaioly- HHR-2)n{pnotampétiolibd0Q037d dloerprpsestdnvuaibiany al§8nent is an scFy
provides for JaraetadieationisRalmars ey delivery of imaging agents.

Suitable polymers are DNA binding cationic polymers that are capable of
(% diating BRASHTTRCGERERYE CAF AT Iie Ataddrdivsbrrie rateiageo Athe scFv.
prefedred:golymerihipplyetiyleneaimineiQther wsefiipolimers acligRine, which
polysingrolami rnj rnine dendrimers. [00381The
anti[?cl)dy or antibggﬁbgg)]@ r%}éﬁp fs}%%%é]v?hd%ﬁ ?’vﬁ?{ﬁﬁﬁlﬁ{%%nt%fgfgseu?%%pel%ftﬁtgeen the
targ@afyand Prokpannr 6o resatortatia giftbresttiatlyesipne st onwithout
the tasgsticalt, ﬂ}hq)ﬁﬁﬁﬂl%ﬁiyWﬁﬁi&%&’iﬂ@%ﬁﬂkﬁsfgxm*@@%mﬁn refolded to
cati onie,or mer.at room temperature and at a protein:lipi
ratio8 %St &E(Erl?aengg]]]Jle%1 %%dgt?gé{n fn%] t%c%\[?o%fl&mo (w:w) or a protein polymer
(003650 in thefdergdtaf dasert ©.5¢ astadralinsoleitived o) {003Dp e antio@ymation
or aniBedyFASME B AR Ihe hIRASAME O PRI IELALS Alloned E%tiom' liposome

incubate %t room temperature for a short period of time, typically for about
0-75 CTRELO R e R L L B e e g stionent of
agetitofechice. Exampées ofthierapetitid:imolesulepliagentymdich &aflication
be gampal ' iposaorne.include genes, high.molecular
e D e e e e B hon o
peptides, ribozymes, nucleic acids (including siRNA and antisense), viral
particles, immunomodulating agents, proteins, small molecules and ,
chemical agents. Preferred therapeutic molecules include genes encoding
P53, R1)94 or Apoptin. 121394 is a variant of the retinoblastatna tumor
suppressor gene. Apoptin is a gene that induces apoptosis in tumor cells

only. In another preferred embodiment, the agent is an antisense.
oligonueleotide or an siRNA molecule, such as a FIER-2 antisense or

siRNA molecule. A third type of preferred agent is a diagnostic imaging
aneant <irich aec an MRI imanina anant <iich ace a CA-DTPA anant



WO 2007/047981PCMIS2006/041139 but are not limited to, Gadolinium,
gadopentetate dimegliunine (Magneviste), iopamidol iron oxide; barium,

iodine and saline imaging agents for CT; and | 8F-2-deoxy-2-fluorm

fl-glucose (FDG) and other imaging agents for PET. If the agent is DNA,

such as the coding region of p53, it can be positioned under the control of

a sworgocosstitutive promoter, such as an RSV or a CMV pramotes2006/041139
r00401The antibody or antibody fragrifent and liposorne combination is

mixed with the therapeutic or diagnostic agent at a ratio in the range of

abotht tubiptexds 20 (g iof agentnitdichef totdl Lippti:afoh: BOW LMICUGefibes the
ag ' i g incub room temperature for. a
I R R i tude s
lipo€B&°EHiffeR ISRl Witirtidrahelenmapin shosebainn(ROTAP) and
medsuced by gynadyiclighlscateingrusing & dvabvert&elaszsn 300ixture of

(00411 1 bodiment.of this invention,.the li e used to form the .

corﬁ#gg ?g%%%%gg?y Stab |ze%ﬁ%§§£§%2rﬁl€£%§o@b?ﬁzeoé ﬁ'%{'s,o ggatio of
aretlipdssthexihtovwhidlohjarephiticBelymen foughkas FEGhcrapeatic molecule
polyé? wthyliandiaacideorpelyiflisapaplaclasige PNIRAM HaVg or more

beecg |Qltle9{9t d. S(lIICh modified li osProehs can be particularly useful when

complexed \Rlﬁﬁ erapelit 3 diSGROHCSESRPEY thed SR If iR sptionic
cledirad(f srmensabiv bdiestrdini(Dyisthieone fitQI6Shdutietiblysy Stern(as auiatdy.

(008 are compaRkladiResanesihat havemotern s9:Brdified, &0 MG Ary of

steEicall Ostabiltize Ii;t:)%?om%é:%;mplex of the present invention, the order

of MIXMGthe antibody oF RAHBSHEy FFaghrem e fesmBokractR dhat are capable
thepdpectietioe didbhostivagentagireserded fretinthendrdensetforth ahopeferred
In %&u@t@%&@%@&&%ﬁﬁ@ﬁ%ﬂ%ﬂ%I,LFEH'H&‘ﬁ _e%'%&ﬁ%%@&?ﬁi@,cp?&mmne and
dia (glostlcda ent as described above at a ratio in the range of about 1:10

to PYBREGBHAGEAEBT of lipid). To this lipoplcx is added a solution of
[00BPEG polymettibodyphysiclogicdliyacoeptadesbidferansithaedesuliaiice of the

soluign SINGHPBIR,A1108M [EPGI A& fc‘ﬂlﬁff@rélm%1§Uef{lé%iees“é&%r?ﬁ%"‘£}12%§t cell.

polymer to integrate into the liposome complex. The anti ngy or antibo
fragrtefit thh iSBa it et didbmEed THsSnmetemplincatmsompolymer at
temperatunpautdratadpsotepidipio liptiorimishia tangengf abastul: 510 ab@stut 1:40
1300000 K00l R PAROIALOLRONIMEL SAMPISXGR PIERAIeA D)
accordance with the present invention'can be formulated as a
[0033harmacdiBy ety Gtk prabrdsrdimmettiondob mivives aewinistratoncTHpwed to
cormpiéxes cande conbined Withapbatpacelagitale campatiplevebisle 10-15
or garrier. The QR@BO%IEODS can %e f%rm ated, for example, for .
intravenous WO 20(% 047oBTSETY0 SoB6ERA 5 %ldgn ostic agent of choice.
Examples of therapeutic molecules or agents which can be complexed to the antibody and
liposome include genes, high molecular weight DNA (genomic DNA), plasmid DNA,
antisense oligonucleotides, peptides, ribozymes, nucleic acids (including siRNA and
antisense), viral particles, immunomodulating agents, proteins, small molecules and
chemical agents. Preferred therapeutic molecules include genes encoding p53, Rb9%4 or
Apoptin. RB94 is a variant of the retinoblastoma tumor suppressor gene. Apoptin is a
gene that induces apoptosis in tumor cells only. In another preferred embodiment, the |
agent is an antisense oligonucleotide 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 G&-DTPA agent. Additional imaging agents include,



- =12 - administration to a human patient to be benefited by administration
of the therapeutic or diagnostic molecule of the complex. The complexes
are sized appropriately so that they are distributed throughout the body
following i.v. administration. Alternatively, the complexes can be delivered
via other routes of administration, such as intratumoral (IT), intralesional
(TOYQerysa%Bercutaneous, entioscopic, topical, intramusculaiciiiiz006/041139
intradennal (ID), intraocular (J0), intraperitoneal (Ip), intranasal
intracereberal (IC) or subcutaneous administration. Preparation of
formtetions! fondediverGadalisich meshodsiant:delivenUsingSYEI), iopamidol,
metﬁ@ﬁ’%xﬁ@? Wﬁ%ﬂ%&é%ﬁ%ﬂﬁe Eg”ioa%ls Ina%olfgl?s%‘l‘;?%)IdIQ%hlt%gfé’éif(g&Y‘z-ﬂllOfO*

compositions comprising the antibody- or antibody fragment-
liposomE St Hotmer ibetriaragraAeeaticht 88 pletesagretddMistenell as the
to effetthurpan génsiharapy bt hediierapaiic-agenbaRPIRANEBEA NS netitutive
COﬁfQ&%&QWﬂsgsm@%gggpe ' ene utnder the control of an appropriate

5 herapy 101V

reiulatory sequence. Gene t atious Mulls of human cancers

(0048 pe actBripidney pyaHbeysimmicdelive ipobantibodyiariantbeded with the
fragirentistgeicadiposama; ol PRIYMalComple ' ntajg g,npclel
aci%(%gg&gioqg Yyt pg?r ﬁ?%%g 4 he C(')mpIexeg(‘ﬁﬁcziIAFI]VEf;g"é‘lc)}?f]?((:asll)illa'[a(f‘?g(iaj't(i alqen@g of
sensitizé tumor cells, bot 'p?fma;@ ok s pltieetipre oo F e teplymer) and
andRsHbHem¥therapycBwmarvitio anshintvpedod (44T he empleses CANto 15
be opinizediosiarae ol pe Al e Ol ATK AR 11 1

rati%rgf Sangg)sc&ld%(%r %ntiboo(ljyl_fragment to liposome, the ratio ntibo
antibody fragment-and. %bsﬁh@?@%&ﬁ@%ﬁ@@@%@ﬁé%@ﬁ@ent,
[00%d the cHofde embrdibsdy drtaniibodidiagmBnisand thefapesiic @€ complex is a

diagﬂﬂ&ﬂgf a&enh«[@%@él%@ﬂ%@&Q@E@ﬁﬂkemﬁ&%@&%oﬁé’ %i agseocgg ﬁgr which a
celk§.cé!thqycgh aql%glssue having malignant cell'growth can be a argeﬁ

hea Al e ck PBrangt, pPB&Rate paricheativo il g atidblastomesly(n-
cermapPIAGY IveiddifOsReodinay eabd myesatcasna: ShARIREBRSIREME, can be
meanemai yetinohlastpmacQyakan. aagnital, gastric and colorectal 7
cancers are suitable tar etg. 046 Th{égcgl%% g)l(qé% ma 3%1%% Hdthodibrhey

thisFIVERtiH d1gh C5H Ble TRt bagsbetierntimndrecatiivfrdetiveliylohatem as
theteipkintiesmolecutpontdnylipucteis asid. MRilgaN:H0ASEHRCAN BE Biake o

targgt;cpisfasiad.cal endritic cell endé)thelial cells of the bload _
ve?%s]te&#%ng ce,lls? g?)ege{gr%e%%bg%xn%}rﬁigrp&vegteffé‘,’et%hfrﬂlid CRIE R the
cells.

X eog‘i{gﬂ%?(b/ugr%ﬁ?ﬁh’%iﬁg(@gﬁl@en@tg@t@égasa@has Bepigstic agent is
prostatichpeipiasialeelis faveraotvatayraides!ls JAMASEYSHANEE S e
rzeolgté'l?&t%-é 81{139 m%éjﬂgse[%sggsehP gsc egl(?ﬂb\é\é%b%gng{%erzgg uf) t%g rL:'anSge of about

1:10 to 1:20 (ug of agent:nmole of lipid). To this lipoplex is added a solution of a PEG
polymer in a physiologically acceptable buffer and the resultant solution is incubated at
room temperature for a time sufficient to allow the polymer to integrate into the liposome
complex. The antibody or antibody fragment then is mixed with the stabilized liposome
complex at room 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



B cells that produce antibodies involved in arthritis, lupus, myasthenia

gavis, Nimmons metaplasia, macular. degeneration, cardiovascular

disease, neurologic disease such as Alzheimer's disease, dysplasia and

the like. [0047]The complexes can be administered in combination with

another therapeutic treatment, such as either a radiation treatment or
chewsbibisrapeutic agent. The therapeutic treatments, or a combinatian/ef 139
therapeutic treatments, can be adminidtered before or subsequent to the
administration of the complex, for example within about 12 hours to about

7 daySm@irriothérageuio ageats tinohuse e firdexandplayidexorLbics, therapeutic or
54'%59,5&%98 ﬁ%ﬁé@t&ém@'ﬁ@%ﬂ&fgg{) Dlphlf Q)%‘iﬁ@)ég Iagé%%g%%)%%aie&/ so that they

gemcitabine (GEMZAR@), pacletaxel, vinblastine, etoposi

camPi6tHEEB S bR RaH Db ka ftHomdariey miatsmij e tnR ailistientively, the
therapiesltreatmenisiitiokide ganimaatiatio a3 EsloX-5ays al Mtratumoral (IT),
irrad;ggglggimgqro(\ﬁﬁve £l f:tronic% terrég)susiorég( Ors1d0tri1ce Iitke. dditional
therapeutic agents include smail molecuies, peptides, protains Artrgsuiar (M),
like. [BEASIBIAGRD st aRwREGIRY, dtenesitirsldan betteliveré o targetbdral (IC)
cellsoriathartdnipsommpispabiner PREPIAYESe T RFIRIMSndIagN@sitry via such
agenr;l%'t'h%gsd ;tilqmgﬁgg a S(f,l-ntss" gli%’ u&eg interch@n eably throughout to
refer to agents which can bedetécteq  vigialis ,?mb‘é@%%bserved in
0043 followingreenibisirasisncmysiblasconetirods foradgbedtings; antibody fragment-
wsua.«ltgmgi lpaHne %rop&%\(wﬂaﬁlﬁ%&?ﬁ%@@Qgéﬁ?glﬂﬂa@&%tﬁ@ﬁ%ﬁﬁ‘iﬁﬂterec} to
knowg.in the art and mcludeT or example, optical imaging such as ,
fluorescant Imaging ARt & B BIGR PERRESUBRPRAG B FURRiGrFomprises a
emisSisiPesi avraphde{PIETostaheling, spingieighotgnl @ missigneeam@idedtherapy
tomagrapVu SRR b sranINgn (MAUAR I 'RSONRNGRITANNG M ey of
radlca)igtlﬁg:(l)gotéde ima w;gﬁ%g., amma camera, computed tomography _
(Cr) GRS FtReTY PSP AR e IR St TBRFy aidBish swetain a
agemiviclade elwothons dens® matRHMs, i, ;aghetic cesoparideally target and

imag'lf!ﬁgit%efﬂ&ﬁl@f‘dcéﬁgiOQM”B?}&%W‘CQAE- %@&i&g}%c"gg%%se[g : frg iati&)n and/or

3

imaging include radioisotopes of copper, gallium, indium, rhenium, an

techHEHIRCHRY MR disBt6 38E 8468, 67cu, Wm , 99m- ¢, 67Ga or 68Ga.
[00ARI agentﬁxswomakaﬁﬂn&méﬁa@&ﬂtf@?ﬁl@ﬁﬂhémtﬁ% Mag@?lt(ﬁ): choice and ratio

Ga ' ' ex | ing, Montyille, NJ .

e et oo b o e G T T b g ancbdy o
inco %%%cﬁ%?&ﬂﬁ Hy! farereredo dictheanaiiis Biclisassatit isvantiohthe choice of
Additiohed imaginispag eagmintludanbub ate botiimited-tedepamidol (e.g.,

VUE(r ional.Health.Limite kland, AU), jron oxide; barium, )

[0(%8 2007/16’4%;%%%3%&1‘93%’ eoté‘%gfgﬁ%@r iﬁaj}cu%‘d%ﬁgsan‘* i Y Lt5ig havine

age e velh gEp vEreon dsokiupetiuiseg-Bid lissks breRO Goatatt. gtivereatic, brain,

imaging &genfsidorttbnla, [00491The corpplaxes mﬁp&i&&ﬁ@prqmmmarcoma,

the E%g}li’éggm% this irrrll\éiangon can bg ﬁovided in the form of kits for use in

the Systemic delivery oF 3 theraBEutE Bt SgALEtic Heatithe 8 ifgnd colorectal

conmfisheRis3ifaBtebldteresin. comprise, in separate, suitable containers (or in
[pEaingle cantaipspidhe Hﬁ%q{}'%é%@@&Q@%@ﬁ@@ﬁ@&dﬁs@&%@héﬁ‘ °y target

the therapeutic orf%ia;ﬁgn,ostic agent. The components can be mixed under
sterll& CEAGHISHE i1t Sl‘é’ﬁ'a’ré’ﬁ%at{’é%?ﬂ‘étfcaﬁal%ﬁﬂ‘rlﬁiHfs{‘é}’e‘ﬂl?é?‘& pelffentVhile any
withiaraireedb pable petiagto ipliefiecd entsally ramraloisi30misuias! teells of the

abOHf%gél \h‘;@%@’ Rﬁ@rcgﬁ‘é,pﬂf%g{)&‘e ig,hg ix(llc;[ GOMRY Q:%ﬁé,s tg{/%‘eraqkée% azla"%% liver cells.

provided as solutions or as drie E)OW ers. &mponents prlé%/iC

solUtiBIFTEIbe phetdeainy. sedlsoambrdrseripistesiienkreeiarosjedtibmentbng cells,
withoapproptaiebditers, pponaiatily, eantalasrnts SleuERGARMIALIRANE:: 4
Delivery of Imaging Agents [00501In certain embodiments, the present
invention provides cationic liposomal



. complexes wherein one or more imaging agents are encapsulated within
the interior of the liposorne, contained within the hydrocarbon chain region
of the bilayer, complexediassociated with the inner and/or outer
monolayer (e.g., via static interaction or chemical/covalent interaction), or
a combination of any or all of these possibilities. Suitably, the imaging
agewts mifliseencapsulated within the interior of the liposomeranad/efooc/o41139
associated with an inner and/or outer-bnolayer. [0051]As used herein,
the terms "diagnostic agents" and "imaging agents" refer to agents which
can Becditeisteprodiswalizgadinmdgedved absetied inpivafallowing gravis, squamous
adminiSiANan. FXGMPIAYHBANNG AERRINGNIE SISCrONAFNSE tisease such as
materials, iron, magnetic resonance imaging agents and’
radiopliasiscetiteass desplisingaddestifsenil for imaging include

[Omalljoisotopﬁ& ofmﬁpppaw,@alliﬁamdmmamcahanambaﬁd&em%%a therﬁpeuﬁc
including isotopes 64cu, Cu, jlin, 99mTc, 67Ga. or 68Ga. MRI agents suc .
as aggéggg fgij\r%%ésc?}%aﬁ%agﬁﬁ %5? aélggn(érv%%(ﬂo LR6p Cn?é?gf‘e thethorapeutic
Diméighifipe) (MagPIBEHERI rmAdiagp Montvilknigg. tmabinglagestsed before or

disclaggey sl @it AninishSiRaent 2E864880ncrRRIAEIELEIN DY hours to
refer nce, are al usetﬁul in thue present invention. Additional imagin ‘
agenaeg)Ou e ig‘éafnr?u TrRNOT MRSt d e ?Cf%pfﬁﬁﬁﬂ%ﬂ’é‘?g@?@@@ﬁ]ﬁ(‘%f}u"mma‘“l

S -15- mclu
RegidRED HetspFeiimeBDRUKIdnektaxe)), {FaxeXidR B iumaniodins-andEMZAR®),

saling.ieaging, ABERIREOLGIsARIEBR3: demmRsluoreaiiese (FRG)mtrone
and othrA%ma mgCagl(f{nétis for PET. 10(/)521As described herein, imaging, .
agents are SR enc b ARG RER AR YF B rearaadadnien With). X-
the lipgsoié comdplexes oidiow presentimventionibyagisnphy niixingkthe Aditional
Or MR, JMAYING AYERISWILH IS NRASRINSS, dULing, rasessing. Suitable

O‘E@OS qf magggptg tagents:llposome cqr:%)iexes are readily determined g&; )

[ ordinafiEKIisd FrtEKs EoPSREnIR, fHe tatlsbrnthdingragehtsds via the
Iiposi@weme mm@mwmm.tﬁmme ‘t@f@b&ﬂic&ééﬂ:ﬁ'mlab&wgij§5gems" are
(maading SRS Gsae) ere SIRNADAUA LA 0 AU BRuatizea

(mg imaging agent: tigliposome), or about 1:21 (mg imaging agent:
tiglipBesMeY. Pre fdaB Afte Sl inbadimriitine praemplpvaptions for detecting,
provideslinethodsinf prepatinginiagingageninegMpHSInG a8tRaOy o in the art
antibpg. iRAmeNtIaIGGed callanic, IMUNIROROME COMPIEXES 1. rimerers or
comprising preparing an antibody or arftﬂ%o y ragmenf; mlxn%g ?n(e
antiBEYBREFRIO SOV 8 rHeHE oIS eeri (rRe LB b fowmizg caitiglviphoton.
immunielipesomessiheneiBriheyastpody ohanibady.HagmeshisRAhaging (MRY),
chemir(c;gllxa%(i)orgggeaéggeto the.cati&nic li Josome; and mixin%the cationic

i i &9 &GThG adentito SBHRIRS Aty (€D

immuncliposome with one of Mo ‘
or afitfiEy TragHnerttesgeted-eatomnit thenhnolPosopheycdirgpietic agents include

electron dense materials, iron, magnetic resonance imaging agents and
radiopharmaceuticals. Radionuclides useful for imaging include radioisotopes of copper,
gallium, indium, rhenium, and technetium, including isotopes **Cu, 'Cu, "', %™Tc,
%Ga or ®Ga. 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 referendé, are
useful in the present invention. Additional imaging agents include, but are not limited to,

iopamidol (e.g., ISOVUE®, Regional Health Linﬁted, Aukland, AU), iron oxide; barium,



[0055]In suitable embodiments, the antibody fragment is a single chain fiv
fragment, for example, an anti-transferrin receptor single chain Fs,’'
(TtiliscFv) or an anti-HER-2 antibody or antibody fragment. Examples of
suitable lipids for use in preparing the imaging agent-comprising cationic
immunoliposomes are described herein, and include, mixtures of
diokeoyitkimethgtlammonium phosphate with PCTIUS2006/041139
dioleoylphosphatidylethanola.mine ang{or cholesterol; and mixtures of
dimethyldioctadecylammonium bromide with

diolegyiphasphatidyiethanalaming-angd/of £hplesieo). Suiably thecose (FDG) and

antibgdy or antibody fragment is mixed with the cationic liposome at a

ratic THEFRRGEBTEHEU 1 20 to about 1 :40 (w:w) to form a cationic
[qunnu_nolip@h@@mn;ﬂm&tabmdmelcaﬂmﬂmhmmumaﬁpowm isfrﬂ_iieedxwiihoﬁhean be

imaging; agentin e/ aree ofakewt 8:d1949:8004 137 (MY IPAYNG: diagnostic

agent: ttg: Liposome), more suitably about 1:14 to about 1:28 (mg imaging
ageffl oL e Lositfoutyitabie kg ‘Fﬁﬁ‘a@i‘i’%@%@e‘ﬁt?eﬁ@?ﬁf%%%%)’. containers (or
[005¥]In anlditioaaltgmbodimaernissdhe, methadband snmisnoliposegment, and the
complexes of ihe;present nventipn urher. comprise mixing e EaONG ions in
immunoliposome with a p tlde‘comprf)smg the %KHEB(K ‘F%]Ag- OHiEK:

(I loKe BIPFPRY S Pl Bodl @dntipiseptie. ThatiseCtipa sitteseanhlesgriod of time,
termingal- Sy IL RS GAR woian 10 @ malaie gearetdh. ThdS:Wdeponents

the HoKC, peptide is used, the liposome formulations also suitable include, . .
N R st R oo OO B0 1 5 B gy Provied in
percefitiebtotaiTipic e prefelaplylacd imotariise reetpt oF totattipid, along  with
mosippreferabhn S Aanperee ot afJotadn Qe
2007/047981MT/1182006/041139 17 - lipid. The HOKC liposomes are
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 Acids
Research 32, €48 (2004)). 10058]In a further embodiment, the present
inveRAEH BrE0H-L S RESEY. B 4RaBS (P4 ment-targeted cationic

{0650 unolipbseineicomplereseomgrisipgsantativnitidiposomd;sanagmtibotyoesomal
or agiiRory I agmant AN ABR ShIPAEINAYNI AGERRNGIRA Hinterior of the

antibody or antibody fragment is not chemically conjugated to the cationic

lipoSBRE™Phe QRMERSHy SFIMRIbAR rhagmetbia sufiaBly sedoriafld With bilaver,
the Hpm@m/viaoai;thmmacﬂmmﬁe@n@t&om&staﬁnpm& Q!eg. Wallgathr iath@ction or
non g GRIERIY- R HIAIR R IACHQR) REIKEE N Ing, ANKPORY, PLA0lDOAYY ies.

n [
fragment and the liposome, suitably between a cyst€in residue on téhe )
antibBtPer AiibBesiTRatfTeh Al PEnE iRsabie witacke | tsEned e liposome
linkendbspacastaioletule ieug.aalpobiremeridtiyer. molecule) is not used to

ch the antibadies: the lippsome. .The imaging,a e\ngs can.b

[Oogtrlltjzlapsula‘?eS %?f?\llﬁgtﬁg gc%%gﬁ] fg%%gggsr%(é,a egrr%algﬁ%duvl%%m g e(rjrté)cf'fr ef)ltqo agents

chaifiiebient 6 Wracetdonilitsdo mageksoebatscrdvithva frHer Breedrainistration.

MorEiayeref {he GalioRskPRSRIME 10k AN =asBLINAIIN (hRKE Ohagkitab s onance

the catianic iinrrgunol(lpog&mlles of thte present invention areﬁlwytunellar olud

lipoSonred (Fe- & sthgle birRyer: fough mulffarReTa Tip6Somed which e memee

compflicesgener aif conpenizidlvilayersuoanimsohe mdddcBatighs, bilalpdimg isotopes

cationig imginofiposerges of, theRiaSeptlnveHion CAMPISE.ANIRENA%a pTPA

aqueous volume in which agents (e.g., imaging agents) can be o

encapRlie e B EhmpRES eéum}a@eam&?ﬁﬁ 4maging, Montville,
- hydraparbenghaipeegidisdiosed the lipid ehainireyisn Bdtehe 3ipsds)sis) wisighorated

age Q... lmagin can be contained. In addition,.agents (e.g,

e e e R N L R SR el s

inner monolayer and/or the outer monolayer of the liposome membrane

(i.e., the headgroup region of the lipids), e.g., via a charge-charge
~interaction between the negatively charged imaging agents and the

positively charged- cationic liposornes. In further embodiments, agents

(e.g., imaging agents) can be encapsulated/associatedkomplexecl in any

or all of these regions of the cationic immunoliposome complexes of the

present invention. [0059jIn a still farther embodiment, the present
iNnvvzentinn nrovidece methode nf imadina an oraan Aar a tfieciie iNn 2 Natient



cationic immunoliposorne complexes of the present invention to the
patient prior to WO 2007/047981PCS2006/041139 - 18 - performing the
imaging. The inummoliposome complexes can be administered via any
desired route, including, but not limited to, intravenous (1V), oral, topical,
via inhalation intramuscular (am) inje@gion intratumoral (IT) injection,
!nt@c R Ctl %tl(ptlrgl a%{lgo (Ilg)e){ﬂ(%% Intr aﬂL(IIJanlted Aukland,
injection, mtraoc Injection, |nt Grania |njegc(f|on or other
routeR: 178 prede Pfé"r‘éfh 1?ﬁ@etéﬂﬁnsriWéw&wﬁﬁa@@sﬁ@tﬁ?&rﬁ%ﬁd|8ﬁa€néiﬁ?§y-2-ﬂu0r0-D-
(e.glycaenihumand maen masngugbnasd@ga,. cats, pigs, sheep, etc,) as well

(0033 humans. Methods farimaging issues.af natients are Welbknows inhined or

art and include, but are not limited to, PET scanning, SPECT scanning,

NI R RISAEFGS e oth & ik hallRP 1RESLE B G RAT Hs ParBhinak e tintgely mixing
usithg direomedhods ginglagemplékebediptrenpresemipventiog. Sifaply dtjos of imaging

MOGiyIng, REG FAIRHNGHLIRNE QAN IHE IRRSOMDE i AN QYR SIRIESTELh. For example,
protein or molecule can be targeted. [0060]Sujtably, the methods of the

préleit Ve mtiE R arEtsdy lfBOﬁWB%]%OE“(TMi@@%I étﬂééﬂ@?r?%ab%mgdt 10 10 about
sufféfingfronagioe perdispodedsto;gameer sGahigerbus fisduesativat ¢aA beg imaging
imaged usingsthemathods 0f the Piessht ipuentioninelkde solid tumors,
as well as metastasic lesions. The methods of the present invention can
also distinguish cancerous tissues from non-cancerous(benign) tissues.
100611In further embodiments, the present invention provides methods of
imaging and treating a tumor tissue in a patient suffering from, or
predisposed to, cancer comprising administering the imaging-agent
comprising immunoliposome complexes of the present invention to image
the tumor tissue, and administering an anti-cancer agent to the patient to
treat the tumor tissue. [0062]Examples of anti-cancer agents that can be
administered include, but are not limited to small molecules, proteins,
peptides, and chemotherapeutic agents such as those described herein,
genes, antisense oligonuclotides and siRNA. Exemplary
chemotherapeutic agents include, but are not limited to, doxorubicin,
5-fluorouracil (5FU), cisplatin (CDDP), docetaxel (TAXOTERES),
gerneitabine (GEMZAle), pacletaxel, vinblastine, etoposide (VP-16),
camptothecin, actinomycin-D, mitoxantrone and mitomycin C, and an
antibody therapy, such as a monoclonal antibody, e.g., HERCEPTEsf
(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 WO
2007/047981PCM5200610.41139



- 19 - each of which are incorporated herein by reference in their
entireties. Additional anticancer agents include peptides, proteins and
small molecules (see, e.g., U.S. Provisional Patent Application Nos.
60/800,163, filed May 15, 2006 and 60/844,352, filed September 14,
2006, the disclosures of each of whietbare incorporated herein by
[oosxpferenaa thdheib@inticet €s) plhacntiecancapagantéegls tiereparing imaging agent-
ChemotaGEaREHIG RIS, SR Fﬁﬁéﬂ?tagg%%% %a{nﬁlgqmﬁééﬁ%mplexes

etc.) can be associated with the cationic immunoliposome that als

cOTTBRANREFRAIAGIY A9BPRSboT BBl deR BEp sy ERARY iff £i0dY
diffegentimitunctiposdipesimeascindanceiwithitmeyprdsesinvehtion, thy sigbody or

ar&m%ﬁﬁﬁ-ﬁgﬁéxQﬂ%i‘@%%éﬂB%@nﬁ@ﬁt@a(ml@ati%i@l%g&ﬂeofiﬁi mixing the cationic
chemother {)eutlc &er normal clinical standarda} nlopggnltllgogwtable

HBBHIIEAE, i thath St BruHe BRSsEAt TV ion Samisrbe O tibody fagment
admnii@tesﬂwlanmmmglnmmma@ml%mplex eon-IN-is* an imaging agent

[005£E-9" MRA innagiRgcagemh s & ga%@@ﬁn@a@tdim@gtmnaamam aff’agment, for

antl mlnor a%ept %tnglfferent tlmes ham n%rtl?i(ral é“lﬂeﬂﬁﬁa{‘ an%body or

X
Oven 3{ the same tlmglgrrggtegt?fre ttlmes) S |ta[§fIy he anti-cancer

agerbedvaditaridterEaeaipier defiielly ditih the intagihgEgwitecdinpisigige asent-
inmuﬂ@i@@s&mwneonﬁpkaxolﬁﬁo@onm least dehawdafas Onaftencatileastixtures of

hocr F%qu} %tl?y] ft %Aea%gl%%ﬂ%ursv?%forﬁigr Wm%ﬂiﬁ%%%%%rﬁe and/or

betore or a ter at least 48 hours before or after, etc., administration of the

ca‘ﬂ@f’ﬁ%ﬁeirﬁimun%ﬁlposa?ﬁ@f?émpl%fx). IRERIn YT esHBBaIMERTS, thgomide  with

meme@smédmagiy@tmmlmﬁngna/munWD tissoe iatgagietiesufféring fromantibody
SRR IUNer GOMPLRR AATHINISIRIIRG FACiIAlA0 HRABISBLICINR o about 1 :40

patlent [0064]Appropriate dosages of the anti-cancer agents (e.g

cHEMBHNEPEPY, GarS "BPHHWm8§8’éﬁl§§’tﬁ?éit&?ﬁ§a‘b%‘bctlﬁ“8§u%ﬂ%‘ﬁ?§%%%%‘s mixed with
oliomglegtides or SiRAMAs etabparidl tithingfort adrimstratigngrdaumandiposome),
arg SasiyAetenmipgd by thesa ofskithin theaptased QRpfMatianu: 1:21 (mg

contained herein and that is readily available in the art. Furthermore, such
anfBiRie SR B H8HAEEAd by extrapolating from experiments performed
[005¢n animalsddiigpnahoulsslirantd oy orcdtbisrastudiesnf0DesiExemplarys of the present

benedisRfrutilizinehthenanaipmy eglmpﬁmﬁmmlﬁ%@am theop@sesthprising the

Iny KEL delivery.i

o S A T S L S e S Y i e
targetinigehattiseofthe b iplesenAs aia leahsp e wedlinutdiestin Bakéatertide is
cellgdthaeeripodifierantiationef vasculasfiow.and: diffusigeiinte-iterstitighate-DOPE

sp ( non-complex

O TG A S R ALty SDi e hor prtet i gy, percent of
usietihlipié. Smso) Bt banvelspeesitontiging. There is also differential
enhancement of cancer vs benign) processes. Longer vascular and tissue

half life permits delayed imaging using the complexes of the present

invention. The complexes and methods can be used to image tissues of
interest at various depths.



[0066] Thus, the methods and complexes of the present invention result
not only in enhanced signal in the tumor, but also greater definition of the
internal structure of the tumors. More significantly, smaller tumors can be
detected leading to earlier detection and thus improved response/survival.
These complexes can also be used to distinguish benign from malignant

nocklesoThisdielps to accelerate the decision on when to begin freatment o
Currently, this is delayed to determineg if the nodule increases since it is

not certain if is malignant or not. However, since the complexes of this

inventjon pref tially and speci ()catty trimsfect fumor cells, this would

o AT o AT A T GRG0 . Fanced
notlaleRgeenctiviuny CT asessmatiimalignendiésortotelhe sadasotipoplex by
POiNLs &1 O RHHCURSRITMIGANEE I IYBY AIRBRGIERHG 868 s Research 32,

[0067]ExenTlary types of cancér imaging problems addressed by use of
thé‘i‘ﬁ]gﬁ agent-comprising complexes of the present invention include,
[0038] pancrdatic fameeraadyhdeateditopranat difenantigionideonmdahoopicor antibody
pagereallics,caty deisslion Al meRASIAIC AISARRS (0 NGR PSSR Rbsome,
of soﬁtary puﬁ’nonary nodules as benign or malignant; classification of
sl ERbAN B 28 FIAE FesssatMIR. ORR AR B SRS 258t Sa & Barify fhe pntibody
maligRansdjoRasithe camnmexrsiBidigupresantirvantian Gessaleo Dee antibody
used to confirm that, using, this delivery.sysitem, therapeutic genes will.
ety B e e s A e (SR s e
ageleicomitising oMl es dber aplede it caisuspid deisrartina eatisan the
that.deliyer af theigneuticaenmsiy Bibanagemisnssesiatatawitidieesidue on
CO*HB'GX@SQN the itho et ‘“@?E‘S&‘ﬂ‘{%‘bl aleg. enter.tnese specilic cancer cpacer
celtd: aﬁi 6 T Wil e¥e§§ﬂ]§/ rélpparen to'one 0 oroﬁ'nar)%s ilf'in the P
relewvdenuba(s-that pehares witabier moldifidatic mstarddaidaiestiohs tatfmglies and the

mathodsandiapplisatiens deseriked hergit.pravbe mase with@ubnic liposome,
departing ro%thﬁgdclogt)e of the.invention %ang/,embpdiment thereo
a f the ¢

f .
Ha TR Ao a8t iBEs é?’f[éof)lrcesaérhfffﬁl\(/’(relncﬁon indetail, PREOTSHE G sE with an

maore«|easltaumderstoedaf yhreferemcdipostilecfol onimyreiantiplegiewhictbarebly,

inchyded; herewith.fonpimeses afilustation.anly and e noiNeRAsHdL0G . a
be I,|m|t|ng_ of the invention. WO 2007/047981PCT/US2006/041139 - 21

ExSiftete MRS OnahigBeb e BB R 8 AT g HE MAGRET Rt Bt ShErE e
antiMethocs Gl liress§007 Oibiganaunyty epioiasticieokersiarcelbfine: present

1@9\?&%’%}% 9&3%@%%@1%&&%&1%@@@6 in which agents (e.g., imaging agents) can
be encapsulated. They also comprise a single bilayer which has a hydrocarbon chain
region (i.e., the lipid chain region of the lipids) in which agents (e.g., imaging agents) can
be contained. In addition, agents (e.g., imaging agents) can be complexed or associated
with either, or both, the inner monolayer and/or the outer monolayer of the liposome
membrane (i.e., the headgroup region of the lipids), e.g., via a charge-charge interaction
between the negatively charged imaging agents and 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 égént—comprising

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



Comprehensive Cancer Center Tissue Culture core facility. These
_ suspension cells were maintained in RPMI1640 supplemented with 10%

" Heat Inactivated PBS plus 2 inlVI Glutamine, and 50 pg/m1 each of
penicillin, streptomycion and neomycin. Human pancreatic cancer cell line
CaPan-1 (obtained from ATCC Manassas, VA) was derived from a
mejastatigiagenocarcinoma of the pancreas. it was maintaing@-{ntseqyvis 139
Modified Dutheeco's Medium contatnipg Jim lvi fe-Ci lid:amine and
Sodium Bicarbonate, supplemental with 20% non-Heat Inactivated FBS,
2mM L-Glutamine and 50 ytglint eackll.ofspenicillin Streptomycin and, ‘
neoy e HIaan ProStite CantaBIRRESGTAE (AT & Ridiauugssgaye any
was Grigidatiyteanvedifnipradesiontad theilraipnofa(batiemtlwithical, via inhalation,
Widex%ﬁ%%ﬁ@cmﬁta(iwiqg%%ﬁ?%Qﬁﬂﬁﬁaprﬁi’ﬂaiﬁjeﬂt}é{ésim&@%@?‘éﬂfb injection,
Minimum Essential Medium with Earle's salts (EMEM) supplemented with
10% HERFTHER atdd PREHNs diitaniie Ehb AhEbtied d805Be10) njection,
Nanocoanpléex Oy mateong 08 G atinssic Aposahnher¢DOTARHD GRE) wabkides both
prepared b thanplinestian method.as Riemously.deserifed, (889 as well os
U.S. Published Patent Application No. 2003/00444G7; Xu L, et (IL, .
Moldetnarsc AffiBpdpHar dpagiiediosuws PEvRiTa 2 1l dridstines ot eadrinclude,
of whighraeinteipotajedheteainiby, sfe@ENsehpnhadelivaing ptasmige. Any

DNA, the full complex was formed in a manner identical to that previousl
desd T e R B e S DR ) B preen
encdPiiite theinragiby BysHyisr thoitresei, Rrrscty iaesmikedany over-
with dhediprsanientaspesificsatio mpdiacubated at room temperature for
O b ted B o Lo 10 PP L R B 5 B thgenoerous
compptese id steasient i Belaa dt@rd e cdisndsta imiprig by Sipecrous tissues that can be
Meagki@n estsusingnaihbalvernideiasizerisRN0dl . ihecuplaMs €, as well as
average) average gf measure enttalover ghisti&net.frame i§ 112.3 4.67 :
(ST.S“W & the porfy'dispersﬁy r%ﬁreseeﬁfﬁs}gn{ﬁrel reélﬁ%cﬁ?gi |ﬁ(fy Offipa!sh cancerous
valubssugy Gop00E047S8 I PCTRIS2 096041139 - 22 - during repeat scans)
(088445 L 8,03 rAeranaR AhReGERIAPIe: S e 10l S RANRS ARBISXES iSnaging and
from about 20 to 1000 mu, suitably about 50 to 700 am and more suitab%y _

aboTCHH tb BHE R UESP thRALS (PRHERESHEH 2P S SBREH]- e & TRy Pising
was sddesidonthérconypeg-peiot tortnamsfectionuifedipinovvaoselthes of the present
complexdsfesmed.atif el %Mﬂ&éﬁﬁ@%&t@%&k&%&i&mﬁ@ﬁaﬁem
to 10-35 jig Liposome (suitably 1 mg imaging agent to U.S to 1.0 jig
TIR%V%%}QE?@?FJIEﬁb%some, most suitably 1 mg imaging agent to 0.71
[Oﬁgzﬂ'lRscftﬁxmeﬁgotimmearl@ﬂgstmabnveqo@mdmﬁew\/ﬂneme, but are not
Prepgred ey MMV SR e 5%%%,%@&@99 ﬁgdt%%ﬂ&ﬁkﬁ%ﬁ?@é%%égg W as those

5%. In Vitro Transfection [0072]To transfect suspension cells
15x LG EAS iHACiBtal 8K Ime s mIrAtdeieidsvitind sippiémentSxemplary
exceptmemumpSaitmgive Metiumpwese Pacachiid &,186:ouiBidisSYeluorouracil

cult ish.." Two utl trapsfection saluti abave, containi
var;%rg%@’mglus }%8& I&%%&r?&iistl ece %\l/xfg a@&%ﬁg@éll %el%%gﬁg}gn?%ZAR%’
plat@awisEiakuirtbaiae 37erasids J¥RtS roekimdotbrdine defiginsitimengipapntrone
in T%ﬁ%ﬁ%ﬁgﬁ@nm iﬁ%%ﬁtﬂ%t 453,_@%@?%495&% %e:ﬁ?ﬁ&ﬂ%%ﬁ@ﬂb{bgdy, cg.,
pe X ?eéé mln%e at 4C in 0,5 ml microcentrifuge tubes an _
was e imeS it SFOSKAN Frab smmsS EHRRE g ponucloetides
excess st&hlﬁ_enubnumlmmmdlplamdo@mmw megemtihmagmdnm\ﬁ@but are not
LIM@y, far9etingslOR3EQ:a558SS MfHDeh S8R S [arae ey 8044407 and -

TfRscliv-Lip nanocomplex to
U.S. Patent Application No. 11/520,796, filed September 14, 2006, the disclosures of



primary and metastatic tumors, an orthotepic metastases model using

hinnan pancreatic cancer cell line CaPan-1 was used Subcutaneous

xenograft tumors of CaPan-1 were induced in female athymic nude mice

by injection of Ix 107 CaPan-1 cells suspended in MatrigelTM collagen
basement membrane matrix (BD Biosciences). Approximately eight weeks
latey ghadrmeks were harvested and a single cell suspension gf the MeaaN 130
was prepared. 1.2-1.5 x10.1 cells, alsg suspended in MatrigelTM were

injected into the surgically exposed pialr?c‘reas of female athymic nude

mice. Five weeks post-surgery, the complex carrying the LacZ gene was .
i.v. ifeRteHBCBEF SHHROTACAGSTE DNAKTEEROM). BO g atesthé dditional anti-
animalgsvepentaiidicttbamitiexamitrne i6d thepiesrocesqteetasiase srabdsional
orgaps stained for P-gal | ressi ing a i

B e S e e
(1995%) 208fotrodrdoaresePadly of PobEM41caB9raed hoviRl b adderrce in their
[0074kfzarcly. vitie MMdimagingnthecalpalletsinmisiacenifugetiubescule, gene

were positioned at th ter of the magnet. The MR imaging. was . )
pert S TE A iR DN i ST S 7 T ANiAT GOHS WO hebieRifge
(Varidse kvePiate AkomE) L Rigenimeadirrgpbotddols abrgistatfa mibii-sliealifferent
TI‘W@M%WHP A@@@%é%ﬂeﬁﬁeﬁ&gyﬁ W@J@r})’f?\ﬁgvﬁ@fher carrier or
sequence. For the Ti-weighted imaging.technique, the repetition time (TR) . .
was FOOEHESSHY 9e SERRPHinE’(TRETHIACL 3 S ARFFRINERRipgormal Clinical
spinsgoidardmaging technique was applied to verify the positive image
fogs¥pancements, e SatialeRERcovRrY MR REAYENGS Wit yRriARIRHEENQomprise

times was used for the Ti measurement. The slice thicimess of images

was U BHIR e R E EBINEHINSYRT WAE'S 3t i Eiighé 1001 8silxerhe ke MRT
coll s‘;ta_a\ge@ ageem_saﬁ magrsinﬁttteﬂe@mﬁmegmer‘néﬂhmﬂz mmmlﬁems &ent at different
selegiive @ /3 SING PR End g 12@& ibgr of Bhase sRcaMing, S10RS AR ARPrimes)

The liold-oilview was 15 mm x 15 rum. The image area chosen in the
study AR oS BY IS AT PO RIRERE b BT REHE loyridity Impng agent-
MR imagesnyenretakeipaoine csost=sectionaditestiantohithefore or after, at least 6
MICTPGGY ré%%eoi‘%r,g@?egs?lgyﬁ Qﬂé%%f%%lg? %%":} e, I%a]ég 2@% :rrs % OE%Q reaﬁer, at
of the multi-slice images covers the whole pellet. The center slice Images,
whickdiete RotTMsErResRT by thetimagddistbrtion abdho theosiisEapriBiiyosome
effecbirprxjhe mirspelieidhouadaymaare Mtlized oy drensitidiesnd heatmagaumor
Ir.]terhs IstXeV\llla'% m%ae% rs% fé'lr.lsxlln thrg (\:/a%gg"nclm?}%?hg r%\évnﬁerﬁs%og%e}gﬁie-{ige radiation
S|gnaf|s takér from a regloﬁ-o “Intérest, which 13 f)lg er?ough 0 Cover two
thirdscafbe iofhgedierh each microcentrifuge tube. The relative image
[odgigNsities abheyAellets L dhar.tubaswers-arnicd, fol-aRMERsl, genes, small

enh_ancienlent evtaluationt?d the Tl measure enés. [0075]For the in (\{ivo.

studBEFiEe BE iy KA B5h-T BIHEGPR RIS 8 Bufas® cic) and timing for
subedtamnestaisoremobprafity moresile réctamployicel TheeGdPEL litumaons, based on
werg iRduaesh a5 AasciiRediabayenty damarsere induced Dt ore, such

subcutaneous inoculation of 7x106 cells in Matrigel. These studies were
perfSPRBHSATE RO FGRTEITH DIhRYETRIGH nifia S ReBR sHinpalpiRgrLon animals, c.g.,
anesthetized dogl platedsindeproprietary, in-house designed, animal
rofR8Na0emaoL YIS, TR S ST GO RO AIGS ANBIR AR Ao of e
system that maintains the temperature at 37C, as well & a four channel
therRfatSpaeEMH#IhittHin gy sEariiesed o sisARHanimal ddiiery imaging agents
tempeiialdrBigAM RIGREAGIRE AR RN G Wl P REHRIASRE the8eM GRS the
ima%inrg 1anesth}gsig}gvas in?uced USiTg isolfllucrane at 4%, with th%.f Hati ¢
rem3TnG s cOmprisad s A €698 BxyGen il 0ot Hir L Dxidd Frigairson ©
WO 260140 117884 G AI2006/0 11 §dialxpachfanterrantd tfcamesthmgigxed free
was achieved with 1.5% isofiumne 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 Testa). The imaging protocol used was
lI-weighted Turbo RARE (rapid acquisition with rapid enhancement)

three-dimencinnal imanina ceniriencac nerformed on 2 71 Rriiker Rin<nin



‘Scanning Electron Microscopy (SEM) 100761Sample solutions of
liposome-encapsulated Magnevist contrast agent, and complete
nanocomplex consisting of a tumor-targeting single-chain transferrin
receptor protein coating the liposome-encapsulated complex,
TIRsav-hip-Mag, were prepared at GUMC, delivered to MST and were
stovedl undangark and refrigeration. For each imaging sessiop {88k 041139
dilution 1:3 by volume with deionized wgter was prepared and a 5 ph
droplet was micropipetted onto a standard 200-mesh Um grid consisting
of 30-.60.: r - rn garbon. The droplet was .allawed to )
iy o A 8 e Y. T i
chanfber Bt | GHesspacthr GG Eshsaito miettwsingd-erebtitashilar and tissue
5-480Alfidd-penission EI0SCoRE AlNESthe QfRARICUISF IMESRSEAR invention. The
applications of SEM fo NDA imaging is a comparison of upper and lower
secondary election detectors fs}\g"(ﬁg"é%’agéﬁiﬁ*ﬁ of UG AV SN Hemds-
(0986l moddtuso Hiveragbimisread atmansmitigdtisiaotrent (@Fndetestorn; not only in

transigrRniRg H@ANsirumenhinte.q low XRJ&%QQ%MI o internal structure of the
2007/047981PCOLS2006/041139 - 25 - Scannlng Probe Microscopy

(SPMH07 7185 BG4 SHATeY Hiosi e ah s deaime e istior detection

co ntr@ét thuempargd cm@mmapommmw&memreﬂgabgﬁw €0, distinguish

deluvsgﬁg,mr&lgmyM@ﬁgc@q@gedrwmg%ka@&%g@%%féé'c%bf&ﬁ A 1o begin
re

imaging session, a fresh dilution 1:3 by volume with deionized water was

prepafatPaid & BTaRdropiE fhagHit s siperactith andntsaseiatiyince it is not
cleavedasiliconssubéigadet usedatith Hative:oxigle Orindtianplyet. BSIREG invention
coatingr.RRMiiNaging were-anfaingdysing 8, Veeqo “%{'s“'\é'/%‘&( also_serye as a

microscope with a Nanoscope 1V controller. Topography by tapping mode
with PUGAPEPAPESeT RSP WatititarAsrd 1Bt w2t Bty kiHE anenk e 60 are small
Nhn)pghmsecimagings arthasadaetiefqrciatmies QITRPNASING SABRRKCIH ung and
coated, tiRg{(VegGe MESP 68 kHz) were performed in life mode. Dynamic
imaging of dewetting and surface energy "phase separation” as the
0%ilition eVaBIRIEE 8P 98<E1SEI ARG RamEDATTIE ed drrdedguregateistivemaging
usedgentindepstangd dheptorsequensesafisoiest dying an RESARINGOL, carly
the pRIllee BN IR STRGL0N e yaous SEM conyast echniome
available with the SPM system. Results TUMor Spesife Pargainy by tHastastatic
Ligatigetspdsdrnesnensaitepier claseliny 2 ReponenGaie 100#8LTor malignant;
. assesssalectivetargaling Afhes TascEPMRABSAMAISX 10 REIALY benign or
tum%aﬁndmmetastases an orthotopic metastasis model, a closer
approxn%latldn of the, clinical situation, using human PanCa cell line
[0Ge8Pan-1 Was emplsyedoShrgicatorihutotio mplantaiions ot CaRannlthat, using

xenagraflitumnolSREINTIARHYLRMISE NAYeIR roduge,
within a%ga}/ yrrgi@tastaseés%in Iil\%gr and splee}en (Aﬁgﬁgﬁg&gfﬁe%%%& clls. That

Cancer eaé;egﬁr% 65 BHA 58 HFAGLOPEEY ORMetsHRtahiore ettesptinpiovides
Wereniri_délieefébm @md@imhynﬁdh&t@euﬁdcgetm desetibedgdenideiRodsicd with the
APPERINALS |¥f"§h\yﬁx%l$§1]c%%@rﬁ% ARImRISEr g euthanze gag‘gg' c}g\lls.

0(}r&gcropsie d to look for tumor in the pancreas and other organs. As shown

19%%’Eigure }NV&P&@%I}(W@B\MW‘E el pinetn kil iptherdyarcreathat other
Thessashk tupddicatehsleria theptliversinsigataeRianr-arioNiiadone¥hibifiSed herein
intepse 43 gatagtosidase expression in 113, 1A gross-necropsy; IA=

- tissueg afterr?staining for% i ?%Ig‘clgacﬁ%iglgsségoﬁﬁe?gs%aesglsv SHaP8 SFelineppodiment
variigEeeg AR ieBeY sleavidpdicks intsksting wnti oplieedstiliethdungs adiehalmore

Olandancheneniifiy 1o, diRphagimo ISR REHHER WA 'SR SRRI Hlrowinn
simijar results. .. .
1lor purposes of 1llustration only and are not intended to be limiting of the invention.



WO 2007047981PC1711S2006/041139 - 26 - f00791'To establish
selective targeting tumor and metastasis, prior to sacrificing the mice, the
TIRscl/v-LipA cOmplex carrying pSVI) (LacZ) plasmid DNA for
P-galactosidase expression was i.v. injected into the mice three limes over
a 24 hour period (40ug of plasmid DNA per injection). All five mice were
sackiticach 69:4urs post-injection and various organs includingcheshivelo 1 139
lung, spleen, pancreas and diaphragng,were harvested and examined for
the presence of metastasis and tumor specific staining. Fresh samples,
sliced at 1 mm thickness, were s |ned |t X-gal to produce a blue color
where the gene is expressed. Th ff geting ability and high
transfection efficiency of the complex is demonstrated by the presence of
the ré’ﬁwﬁéf’lg@ﬁ%”fﬁ BRISNEUSCBIRY A s tETS Animal (Figure 1B). In the
Ilverwtungma%g %nd and diapbtajun it is clearly shown that the
reporter gene Is |g qy expressed only in the metastases, while no blue
color is evidgntiaesthe adjacent normal tissue. The metastasis visible in the
liver in Figure 1 A (arrow) is the same tumor nodule strongly expressing
[0 Y alactositiaseifyRidahéadtial¢araw) cdhiinmintd theauphtrizgdelifie thatleabardi
0}‘ t"@%ﬁ@fb@g@%'@éﬂda @Qﬁg@f qﬁgmhmmregé@wtﬁ&w; eridBaQLIRAROEIEAS were
also resulted. in ion. of tumor throu in InCISI
The THpE ﬁlﬁf’gtll&?% riu\%bflé%bre TSRS é?)‘ﬁggtlfj q&?ugﬁsg%ttl SR faérge%ﬁédz mM L-
tum&iusumioungsid ﬁyugmmahﬂbnfstzﬁnﬁedhgklﬁtrsmwgh@vmdagwmycm Human

showing Iwmeh &l spegiicitpRimilanresultayereriseuestdn thesesholicrived
the mice, and in the repeat experiment Thus, thi “@/stemlcall
ells

admirS R HARD SR Wit F R gell SIRABHRRGY A fgoY's Modified
metastitic;owherevemthey vecurdn theMbody Candnefficiently deliven plEsmidnate,

DNA Weished ia expand the patentialed thissdelivary syRigmide naludt.ymr

contrast al?ents The ability to, do so could result in improved imag mig and

cancafuet@eisH Th Vit SO SN IR R REIPEsRip R sdliver DU
Magenist( 120680 1%4s) Magneyistis) dsroreé Dbthe lsost ifrédguenthyof a patient with

em RLQX@S% r%Qd‘Bﬁ@éEﬁQ@ E‘}r%ﬁ}ﬁa%%% B’é’% qlf' 9\5&@ %cauitti%eﬂsiﬁ Mﬁﬂﬁ&% Essenlwl

studies. In these initial experiments, it was examined whether the com
coulEtutpd B el GERG (Ipaiardeing ad Wolita: dmstiviedh 3 plus 1.
MR Lisighale Sincatbypsinizatiore could lead to membrane damage and
leakage of contrast agent from the cells, adherent cells were not

employed i ihesgpriudiamdingtead, a human lymphoblastic leukemia cell
line, 1362, which grows as a suspension culture was used. Moreover,

[0QF@htle pelleting @it evashiti TFARS RS walbicrerndbe haytbxeB sy eiieh mothod
20020044 A8ARGH I} b 2006/04 188sn &' 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). When delivering plasmid DNA, the full complex

was formed in a manner identical 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 é‘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



Magnevist(r) or complex prior to imaging, allowing only cell associated
signal to be detected. 1. Time Dependent Image Enhancement by the TfR
scly-Lip-Mag Nanocomplex 100811 The optimal time tin transfection of the
TfitschW-Lip-Magnevise nanocomplex was examined. The suggested
clinical dose of Magnevist(r) is 0.1 mMole/kg. In these initial studies a

dosg @bfdinddple/kg was used (corrected for the smaller weigh,a8os/041139
blood volume of mouse versus man)_ighthe complex per 250 p.| of

transfeetion solution. K562 cells were transfected for times ranging from

20 tQ. 20 Miites. LRSS SOWSI YarvIqw ransfection activity s is
based upon the image intensity. However, as shown in ﬁgure pI ’by sm‘fy

mindted #he Eelll e dReftte it RRoBb Able X Chowaadanare suitdls abeth 100 to
interssiiyhas Eampaied tedkecsirentadheelanl-hedntemaityQf e di ﬂ;rﬁﬁt%gmplex

cells (202 :1 48).was not significantly, different than that of an empty. L

PP b 185 %) fanialing et the BOANCGAEA Bg LT ms imagng

conifisntéctd thel dignaildelired I MbTe irhjiioemelsutitab ty dnsfeiotiging agent to 0.5

efficignay plateesis At approxinatslyRR minwesisiicy the i@ég%]eaig&%%"m ug
17 46 and

of thle eCILth{OaQ fected for 60 and 90 minutes were identical

© 317 AP s PectiVEIvIP Y A REA AN B s e ufa dtetageared for in vivo use,
Enhdaéenrents8d82]Wsifigabtonmtiteasith® transfection time, the effect
of increasing amounts of Magnevist(r) on the TIRseFv-Lip-Mag complex
image enhanceménhviasithen assessed: The doses tested were 0.05, 0.3
and 0.9 mMole/kg. Corrected for size and blood volume of the mouse, the

[0073lumes of MEHEiSHH)BEREPM IHls Eovbléxxplr oBoin sitidnstbetioaf 4.0 mi of
solutiediwerei®. 28 pippiénphaned:s pbrAs shown ireFigeirm] vard Ak 0
1, the image NENSININGIGASER, ANd e  Tirelaxation fime shorteps asa ..
function of the amount of contrast agent included in the complex. ablét:
ReldfdhtERSHY 2Ad YRaReYEERTitiecds @ haraibnuatarignelist(pjdte was
the inmuraliposotneiGamplerRaseof Gontiast sgem FIMKgHRelBIME section
lmepu%'% -5& r(181n 9%@%8 2vhich the cells were gently pelleted (600xg for 7 minutes) at 4°C in

0.5 ml microcentrifuge tubes and washed three times with 10 ml of serum free medium to

remove any excess transfection solution and placed on wet ice until imaged.

In Vivo Tumor Targeting

[0073] To assess the tumor selective targeting of the TfRscFv-Lip nanocomplex to
primary and metastatic tumors, an orthotopic metastases model using human pancreatic
cancer cell line CaPan-1 was used. Subcutaneous xenograft tumors of CaPan-1 were
induced in femalé athymic nude mice by injection of 1x10’ CaPan-1 cells suspended in
Matrige]™ collagen 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 x107 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 examinéd 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)).
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MRI Imaging
[0074] For in vitro MRI imaging, the cell pellets in microcentrifuge tubes were

positioned at the center of the magnet. The MR imaging was performed at Howard
University using a 4.7T horizontal bore NMR machine (Varian Inc, Palo Alto, CA). The
imaging protocols consist of a multi-slice T1-weighted spin echo imaging sequence and a
saturation-recovery sequence. For the T1-weighted imaging technique, the repetition time
(TR) was 1000 ms, and the echo time (TE) was 13 ms. The Tl-weighted spin-echo
imaging technique was applied to verify the positive image enhancement. The saturation-
recovery MR sequence with variable echo times was used for the T1 measurement. The
slice thickness of images was 0.5mm. The RF coil employed was a 30 mm single loop
coil. The RF coil serves as an RF transmitter and receiver. The RF pulse was a selective
5ms sine pulse. The number of phase encoding steps was 256. The field-of-view was
15 mm x 15 mm. The image area chosen in the study was located at the center of the RF
coil for RF homogeneity. The MR images were taken in the cross-section direction of the
microcentrifuge tube. The height of the cell pellet was 12 mm. The range of the multi-
slice images covers the whole pellet. The center slice images, which were not influenced
by the image distortion due to the susceptibiﬁty effect from the air-pellet boundary, were
utilized for the studies. The image intensity was measured using the Varian Image
Browser software. The signal is taken from a region-of-interest, which is big enough to
cover two thirds of the image from each microcentrifuge tube. The relative image
intensities of the pellets from these tubes were applied for contrast enhancement
evaluation and the T1 measurements.

[6075] For the in vivo studies, mice bearing CaPan-1 orthotopic tumors or DU145
subcutaneous 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% 0Xygcnrand 30% nitrous oxide mixture.



454 51 1.01 = 0.004 3.image Enhancement by TiRscFv-Lip-Mag as
Compared to Free Magnevist(r) 100831Based upon the above -
experiments, it was shown that the TM:say-Liposome can complex with

Magnevist(s)-and deliver it to the cells for image enhancement (hQ258€5%1 130
the level of enhancement of the complexed contrast agent as compared to

the agent alone and demonstrate thatth&-signal obtained is not due to the
presence of unincorporated Mapevist(r), 1(562 cells were treated with
eitheMreetdrarnevisticybrtaeRiRsbibrdd phMég Indiosofaplex ke similar gaseous

identigal amaupt Qi@ﬂtﬁﬁ&m%@to@dg MALOhO I HERAH Jﬁﬁ’ﬂéﬁf%g Nsitioned

volume). and transfection time (60 minutes) was used for both solutions.
WhilefréE Magriatiiineiat Rt eontrastrofatiiene thard cage resonator
untreatédreetis hsekpectet, ihercell§dnpated ofitppheddiisty Ao Mag (the resonant

Comp@&%‘ﬁ@‘yowa@%%@&%@ xgﬂgg%%lg% 0 %ciarl]di %%g(gtggg ?Si%lgfdfhe imaging

shortened Tirelaxation time comépared oth untreate ree

Magri0fSt() tredaer cemscigitisrd v, RABIR @3piiequiviisnitsiiorpidlynhancement)
demomnsisatintheiinereasedigificiepenaicopdrashrgent piake by BERAS BioSpin
B T e v
RelatiVEhprBAKE Hh P Tlirensivatidn Fire3BeswBR 3-8 cldinback on, 4 echoes with a
Immunadipeseme CompiexedVaanerssti y I eatheenitix. After a baseline image was
acquired, the animal was kept immobilized in the animal holder and the Magnevist® only
(diluted to 400 pl with 1x Phosphate Bufferred Saline pH=7.4) or the Magnevist®-
comprising immunoliposome complex (TfRscFv-Lip-Mag) (total volume 400 pl) was
systemically administered using a 27G needle by intravenous injection into the tail vein
of the animal and the 3-D imaging sequence was immediately initiated. The imaging with |

the two solutions were performed on sequential days.

Scanning Electron Microscopy (SEM)

[0076] Sample solutions of liposome-encapsulated Magnevist® contrast agent, and
complete nanocomplex consisting of a tumor-targeting single-chain transferrin receptor
protein coating the liposome-encapsulated complex, TfRscFv-Lip-Mag, were prepared at
GUMC, delivered to NIST and were stored under dark and refrigeration. For each
1maging session, a fresh dilutjoﬁ 1:3 by volume with deionized water Was prepared and a
5 pL droplet was micropipetted onto a standard 200-mesh TEM grid consisting of 30-
60 nm formvar and 15-20 nm carbon. The droplet was allowed to dry on the grid in air for
5 minutes before loading into the vacuum chamber of the microscope. Imaging was
performed using an Hitachi S-4800 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.



Relative Intehsity Tit (seconds) Untreated 455 47 1,80,1, 0.009 Free
Magnevist(r) 538 + 50 1.51 01007 Immunllposome Complexed
Magnevist(r) 662 52 1.40 = 0.004
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Scanning Probe Microscopy (SPM)

[0077] Samples solutions of liposome-encapsulated Magnevist® contrast agent, and
complete nanocomplex were prepared at GUMC, delivered to NIST and were stored
under dark and refiigeration. For each imaging session, a fresh dilution 1:3 by volume
with deionized water was prepared and a 5 ul droplet was micropipetted onto an
untrasonically cleaned silicon substrate used with native oxide or with a poly-L lysine
coating. SPM imaging were obtained using a Veeco MultiMode microscope with a
Nanoscope IV controller. Topography by tapping mode with Z control {(Veeco RTESP
cantilevers for ~320-360 kHz and k ~ 20-60 N/m), phase imaging, and magnetic force
microscopy using magnetic coated tips (Veeco MESP 68 kHz) were performed in life
mode. Dynamic imaging of dewetting and surface energy "phase separation" as the
solution evaporates to expose isolated nanoparticles and aggregates were used to
understand the consequences of solvent drying on the stability of the particles and its

effect on the various SPM contrast mechanisms available with the SPM syster.

Results

Tumor Specific Targeting by the Ligand-Liposome Nanocomplex Carrying a
Reporter Gene

{0078) To assess selective targeting of the TfRscFv-LipA nanocomplex to primary tumor
and metastases an orthotopic metastasis model, a closer approximation of the clinical
situation, using human PanCa cell line CaPan-1 was employed. Surgical orthotopic
implantations of CaPan-1 xenograft tumor sections into nude mice have been shown to
produce within 56 days, metastases in liver and spleen (Alisauskus,R., ef al., Cancer
Research 55:5743s-5748s (1995)). Orthotopic tumors of CaPan-1 were induced in female
athymic nude mice as described in Methods. Approximately 5 weeks later, the animals
were euthanized and necropsied to look for tumor in the pancreas and other organs. As
shown in Figure 1A, extensive tumor gfowth is evident throughout the pancreas. The
séme tumor nodule in ihe liver indicated by an arrow in 1A exhibits intense -
galactosidase expression in 1B. 1A = gross necropsy; 1A = tissues after staining for p- |
galactosidase. Metastases were present in various organs in four of fivé mice including
the spleen, liver, lung, adrenal gland and even within the diaphragm. This experiment was

repeated with similar results.



In Vivo Image Enhancement With TfRsaw-Lip-Mag [0084]The above

studies established that the nanocomplex could more efficiently image

tumor cells in vitro than Magnevist(r) alone. However, to have potential for -

clinical use, the complex must exhibit a similar effect in viva. The sanie

human pancreatic cancer WO 211(17/11,17981Per/US2006/041138 - 29

- okihesgpigmpuse model (CaPan-1) was used for these studjgs 3%, Was.1139

used above to demonstrate tumor sp;(;):[fic targeting of the complex

carrying a reporter gene. In addition, a second tumor model, a

subcutaneous prostate xenopraft mouse mode%*%gUMS) was also_used :
[00fRice bearkAGERBARSLSH I UTAL HEHEIS e SR 8HC4 Prispiikds the mice,

NMiRea$ fdledoribgdiinddgioodsn@ngcePobitibaed iplabmiddiNedbisdligalactosidase

mage, g RIS 1sing. A T WRIGNEC THIARBARE(pId AGAYIP oy of

with rapid enhancement) three-dimensional imaging sequence. To =~
facitar@ih iy angircHeAfeH hsanite &@amf@mb#m GikioHE Ppsisinyection and
maintasnedindhenaniing heldes\while Hedr)aging:solutiataplasem were harvested
administered vja infravenous injection. Signal.acquisition was _begun
B e T
adralivisterddne thehogsecesidiirctad el -Bidemsriied b iirecelmieyefe the gene
inclyded st momiptex Was e doifRiS MU iseuivalantiend: 3 the complex
m.M./Kg or twitcca \Q’ht Is used in ans. r‘{his amou gvgésn%glsegrteaclilssi C8 i
the 'StARIZFIRGEMAN JSBSFEL Ri Wik MAGnEVISH) Blone gave & very
poomsigph aFigntd Biide. thhdivaalyivg it edanaandeidsbaan thes clearly shown
TIReaFH-BMRY SARIaX NS e pesiodney andWoncaRsesItMaISlay IR color is
baseline scar \{va§.(alsot perfor t,ed (rpriqr,to atdrpinistratLq[l of ﬁxar]ov(éom lex 1A
to coriirth that ail 61 e MAgheVists) ot (e Bréviaus aay had'baer =™
waghedwouls MR tetknigwerandiviénsdowsiwererconsisientbeiwvidess the figore 1B
setsof iy agrs ity the windowsadiusied 19 el dnRRURRIANC T the mice,
windowing feature of the scanner. 100851Images of thE Magn ViS};T %nd {ial
nanBeSHAEX AT T RSB AFte it AP SRS Thor gl SRCHefy e ongmna
Figures3oA s3Dusnil 3G fgantationths Efter $ B dical rmplbnthttoriaofetheibcutancous
CaRast MMKLEeH%hEARIMAL RA0M00 & [BI0eQNBooRis WHRks hgor cell
increased resolution and signal intensity, as compared to the contrast
agetesiie i Huit é@f&gﬁt‘!"gﬁrﬁfﬁr@?@é{]ﬁ’s e 6Hseh/AE Hithe VdcBnthe repeat
mousgeritiitbna CaRarkil tymanishiowainfrigere dBodmand 3k Thist tumor cells
animgh Sl QNS RSt AIEEL 1A ARG SURGHIANROUB UMY dciver

growing through the site of the incision. A small abdominal mass was a

detebiadi by PatpatierviRisd dalypaeigrririthelstibc deiNeguytismdp include
moenkangadsaftecagiminisisaiioBot el cemplaxeihMagaie stz biutd cancer
Whadt appears to be the small orthotopic tumor (arrow) is evident in this

glechion. | . . . . .
scah and not in the one in which the animal received the free

Magnevist(r). Similarly, increased definition and contrast are evidgnt in the
subcutanéd ¥ B o4 E LB Fiﬁ(ﬁf}%%‘ bo%tﬁp S5 R MRAREHSN with

(oo Tfasch-hinlad £oBlRs A CABPREHIRING RS MagReMSKat in the clinic,

Reconstruction and quantitation was performed on the images in Figure 3
B, 3EHFMTARY PEUSHRHS FHEF ey el geriments, it was examined
20012429 8ENTHA182 006041 130red6ith 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 lymphoblastic leukemia cell line, K562, which grows as a suspension culture was

used. Moreover, gentle pelleting and washing of the cells would remove any excess



two different tumor models, Pancreatic cancer (CaPart-1) and Prostate
. cancer (DUI45). In both instances, there-is an increased intensity (pixels) -
by the free Magnevist(r) over the baseline, as expected. However, delivery
of the imaging agent by the tumor targeting nanocomplex results in an
almost three-fold further increase in signal intensity in both of these tumor
moYR I THESE studies thus demonstrate that when MagneviB{F)jlig2006/041139
incorporated within the TIRsehy-Lipostime complex there is an improved
tumor visualization in an in vivo situation, and they suggest the potential
benefiiekiwther develppingithis meanscoiusnoigettetien farscliniealkysal o be
Phy%i&glclte aracterization Studies 100861While the in vitro studies offered
evidence that complexed MaLnievist(r) is encapsulated within the
liposome, sophisticated microscopy techniques (SEM and SPM) have
confirmed this a@%%@?ﬁ#ﬁé@?gﬁm&é@ggﬁ{ﬂ&wl 5§y -Lip-Mag
TIRschiv-Lip-Mag %né)rcnof)rllgx?"l.lmaging of Liposomes without Magneuvist(r)
[06@9871Hi@x||1-%r%§?kﬁlﬂpﬂﬂmd@%in&ﬂmﬁ@§ esme\rq;]di@equsﬁgﬁ@ag%ganocomp1ex
requires relatively thin and flat samples. Ho in varieg with technigue,
bt ST A ARG o S BHEL 2L RS b BHB A it ouper s
-- oftetidomiliate thestrlibttiraMoleks wpicatbidiomBate fialshd hislsr weight and

partigylarhofiie brihe.case.old RAFAMES GvpRNGIF 1BRYRWS RIS on solution.
{Foci, J.J., et at, Annals of Biomedical En_glneerlné; 31:1279-1286 (2003)).

So dr h IS RGBTSR Hrethauefs BoBhARNY Ah G e iR Fihgprinutes
the dimenisiondbantné&chanicalvitalnkity ofdsdiatediiposemies i&anver, as shown
essential steps The 903! of s charatelization.is 1R eHorm & Cthowed a large

sensing of the mechanical stiffness and magnetic ro%ertl'es of
nandAiiEIés 1 @stabiis AL tHe' CohtraBT Gdeht i indeed tontaink e untreated
withirlth€@tanofariatenandigrafisiniplyidesocihtedietefnal lynwithithgker tube (194

liposomes, A Q088 e S MAYES, UGS 0RRALARNY IR ARRINGMLAS]. More
by oscil atlni thetip and cantilever to which it is attached close to the

can ofnta HEEHEN &l A TR BBEERSCH P TSSO thainutes since the
osciliation afttha wantilevesnatiaconsiansasnplitude mihis-constatintical (317 + 46
amplitg?%ii 'vcraer% al eatzet point which is somewhat sthaller. than that of

the freely osci I’atm% cantiiéver. Since the SPM tip interacts with the

surface thyundi v%%ous small forces, tgere is a phase shift between the

cantilever excitalOF 5 its 1 S§§?§ SRR B A BB the surface. For

[O@Q]inhomogﬁﬁg(@@sn"ﬁﬁﬁf@g%sthﬁ E&Qﬁéﬁé@@ﬁ?dﬂi@,fﬁ?&@ﬂ&w& Yﬁ@éaé{gg amounts of
2007/047981PC1211152006/041139 31 - according to surface charge,
steef B8 GTaiichr cHRRHes Y th R A asibansamahiones farn assessed:
exafipleloBy ehadging mess@tqggimﬂmdmws&ryiﬁ@mcpmiamfemmw volume
respang.to sften.or bRrde! SARRING e Gal %99{9!%9%&@? WItBNE of transfection

response expected for a specific structure such as a liposome. (The fite
oscifitBrratipitititignatis B srokimitely o7 VipR st gafidablt S image
phasgdiriagesehaaid ghisolinteddhipnsomeshwidieuis paglaaibis ghosviibunt of
Figuggnééig.eﬁi%gﬁéég Hﬁei%ﬁ%ﬁg-m a set point of 1.68 V and the
correspon |ﬁg negative phase ditfterence between the substrate and

~ Liposome indicates that the tip-sample interaction is attractive for the
lippsaiee raiMe ety tanpiRagel ol ue19f3ndRakeaS: Midhe £3s8@bARist® in the
attractive interaction and n%%ativelphase, gﬁrase image of the
Eposome appears dark, exce%]tu?gr 0%815‘8 r ?f‘ally keyed ring at the

[pssefiEoetges. Adgute 4B demBrstiatdsttheigffect of reducingitisecseds)

point tQMQ)’: The

005 (0.25 pi) 293 + 50 1.43 % 0.007




liposome now appears bright since the tip-sample interaction becomes
repulsive, and in‘this case the phase difference between the Liposome

and substrate is +8 degrees. Finally, Figure 4C shows that the phase
difference recorded at a set point of 1.35 V increases further, becoming

335 degrees. 2.imaging of liposome-encapsulated Magnevi [0089]Figure
5AoPiRse s SPM and SEM images of isolated hposome-epgapsuaiad 130
Magnevist (Lip+Mag) nanoparticles. The size distribution of single Lip

iMag particles is in the range of 100-200 nm diameter and scales

according-to-opticalmea Jurnmnnfc that.indicate-that

aSUTUTTt I SALAA

payloa8 %Hc%\ﬁgulatmg liposomes a?g i|E“)6?‘0X|mately 50% Iarglafrlﬁi"a?loo4

Ilposom@q@m@ in their spherical statex[00901The SPM topogmphy.004

appearno-in-Figure SA-P dicates-that ||nnenmac t‘nnfnln{_n_g__MajmeVlse_

Hvuullllyrll LAY A~ O T TUTOTU

have a bimodal surface shape after drylng that is more complex than that
of the simple elliptical surface of a Liposome containing no payload (not

shown). The SPI\#‘% g@ﬁg@ﬁ%ﬂ%ﬂ&iﬁé@@ﬁ‘ﬁk@%&ﬁﬂmwd to Free

payloadless lipo V’fﬁe outer ring is repulsive relative to the center,

[0 a COW%%BQJ‘QIB'SQ t%g M&'@%%Eem?e% 1% %J%Q‘Qﬁ?)%'ﬁ‘l%ﬁ% %%RB \gkgngsgme can

both attractive and repuls&ve tlp samp le interaction appear at moderate set

poinCYRRIES VA MREISYiSh b‘é%\ﬂ]/%lé’ﬁrtﬁéoﬁlF@I\ﬂeBﬁggéq}?%éé}@Bf&fH@H dpassess the
set peifet of chiguarththeoShd/tinageenchitrioge:is £\dsiepiria ngwegeﬁBalone and

a”d 5%0 nRRONGS @epsgﬁalﬂn't,%mex Qright agross the sniire pa tt‘C'e rQ:orporated

|mages not sh OWﬂ similar to the unlform p%ase lIr)’nages we O
by sMwnw&é afd Cartilevers érféﬁde“w&wmﬁ@fﬁdﬁ@ya@@smmre@Ve?thsfé“wLur
|mpqvtaglhﬁﬁdwﬂﬁyldhamhedmagﬁslxpmduseaoaf@dﬂatga{fqotsﬁmgp)rVi/.@m/zso pl

2007/0 %P\%%nizg%qpaﬁg'fgé 1% 3? d Fbllmet helo foc'ie both solutions.
matenal ont etip. T they are ch ange equent? Einceeal

cantiTélids i@%o%%ﬁ‘é@td|ﬁé?é’r‘?ﬁlv@ﬂhaﬁé§é)é@ﬂﬁf@$fsfﬁé%t¥ﬁaﬁc@pr@ﬁé@t@@; cells as

the sebpainisiused i figuies dhand T ae-diffprent %&Hﬁ@an@eﬁlfonstrated a much

TfRscEv-Li Nanocomplex. 009 he complet Li
mm &(r:omplg XrWa%S, pr(l—:'r%a €1 ten i exgg 1T1e axa ion ¥1mcp comp red to both

untreated and free Mdgnewst® treated cells (F igure 2C, Table 2). These results not only
demonstrate the increased efficiency of contrast agent uptake by means of the targeted
nanocomplex, but also indicate that the observed signal is likely not due to uncomplexed
_ Magnevist®.
Table 2: Comparison of the Relative Intensity and T1 Relaxation Time Between Free and

Immunoliposome Complexed Magnevist®

Treatment Relative Intensity T1 (seconds)

Untreated 455 + 47 1.80 £ 0.009

Free Magnevist”® 538+ 50 1.51 £ 01007

Immunliposome Complexed 662 % 52 1.40 4 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 Ix/lagnevisf® alone. However, to have potential for clinical use,

the complex must exhibit a similar effect in vivo. The same human pancreatic cancer




“and SPM as described in Methods. Results, shown in Figure 6A and 6B
indicate that the solvent film undergoes phase separation; however,

examples of isolated NDS can be readily observed on the dried film. Note

that the SEM beam clearly causes some damage to the film, but the

particles can be repeatedly scanned several times before beam damage
be%@%ﬁﬁg%&cam. The appearance (_)f the full complex is d'ﬁ@%ﬁ&‘ig%lm
that of the (Eipi-Mag) only. The shape is less regular, and considerable
texturing of the Eposome surface Coilowing drying is consistent with

protein denaturation, Also, SEM .ITE idfages indicate that the well-defined
boundary between the outer ring and center of the liposome seen with the
(Lip+vthefppiarticiess igwdsh @pPareht wa ubed dhapesnacidicaore vasiabid. above to
This {8, aonsiseRWIE, LY ie Nt 10e,DIeapNse ol RIIE RYNIRINIAE m addition,
liposome has altered the osmatic outflow across the hposome during film

dryin TSRS POSEie 1 B BRI SRIaHUR PSSO Sttt theHe>) was also
NOSupattitles byatisngdbPerhagristitdotoemmicrescopypahaging/T Bruker NMR as

Capa@éb&l@&@f&'ﬂ%ﬁﬁ’d\!‘ Gn%g: I}@SI§AQ&? m&éﬂ,%eﬁ'&éﬁ?@ﬁﬁ&%&&as obtained using a
gadollnlum-contalnlng Mag.mewst(r) IS quite large, it should be possible

usind G'egisdtzEb (SrEBihs ARt YRR BRIl FbGevARfRNdiree-dimensional
concemnisate degithite tTe lipasamdsaghisligashawatio bigetiae’ A@ndtH6h ide animal
1\4114 of ral imatel 0-200 inn diameter nanocomplcxes. .
i B L, YR 1R v
prod IEEY PRGBS iRy StEBY rietid Sttt e beavhisithp decareps et ap Hie injection.
imagendrdemnarmaidappitfamodetceadiinesisied)iainadicbhas Ripeaos8ed in the
S“rfaﬁ%ﬂc:}j%?r%txﬁﬁhi?nt jen Used to offset the in by & specitied ROt ke or
away from the surface and the surface i$ then scanned at this increased — °
heightiTHid¥einegd dthenaiu dhecoptobvgapisrea thecdhyrrniariNjuman dose of
ima]tcgm @Mﬁhg&dd@&aﬁ%me@a%a h@igm&fsﬂ@dnﬁl HeRASE fmmlﬁﬁfgng with free
sur are.given py t agnetic phase image. The appearance of a .
sign%sl;[%c%lﬁﬁlr%ns %ﬁ“@é&?ﬁ%&’g ‘6?‘1 églgaﬁnfﬁ%pger%cgﬁéﬁlg‘ig%ﬁ iR the consceutive
comphe. BidurelPA 1828 rSE Netopoiraphidmvagnetioplidse omagewsiteaplex to
full TERsGREVthd: ipHMaghpansemRiex: JhaRPReAHRECRPhA dURIG/ashed out. MR
dipolte- ike Si%ﬂ lin Fi%ure 7B consistigsg of at'f#active and _repulsive

in-plaTE AG R YA IBRE QGBS ipcsets of images with the windows
200 A047981bRO1Z1 82006/044tk39indavwse: dfainis itdractioreis the

[0 @Qﬂu nifo mhh%@id(ﬁ* ﬂé%b%ﬁ%&@ fa%a&{ﬂgé/éﬁ}p%}t%g}ﬁ tlh&@essef)%%%{g%t are show
WI

SEM and nonmagnetic SPM phase images. Discussion 100931The
results ‘ABEEDEY Mt té montrate fFalPiaone AL YGRTR! AReiaethRs of the
the d@aﬁmdnlym&edeMRﬂmagimglagemhMﬁg@emi@ﬂ otthdtupior ioelts. otk increased
vitro ang, i A%, ARG AGRAlLaAsL AR R.delg 2P HOJUES &MAIS: evident.

defined and intensé image than seen with uneomplexed Maevist(r), o
[0092RUEREAF iFFEGEFe°f ThEhsisoed mplexedtbrthal BresEHeonvieitinin Feure
can tarzgemmaﬁﬁaﬂmd GE dﬂ@rghy esRNpiRgsdeiect g sensivityidoktancous
metaglRss bx%%'@%r%"rxzﬁwtﬁ‘@gt@ﬁ%étigc%gig)neg\nsrdngm%%%guaﬁeldrﬁgsastuggsealso detected
TifiscFv-liposomte €0 plex maintains its nanometer size when

K

MarrfiEveatrf i ehehgaiiateth epustielcs chapproxmmatsl oy 2o raxsd after
showgdinksteisien B anelcompldras Msaheah damaasiiRiar BaldhR small orthotopic

structural and mechanical properties of lipasomes containjng a payload .

are St‘d%ﬁ;ﬁg%{fi,‘”&iﬁeeﬁg% Dﬁé%%ﬁg(é%nm 0 tt%r%lg% ?ﬂ%r‘@mg}n%reml E\iﬁ'ffewed the
Magfrevistepisiintiectimiioipsiatededithiefiétiposomenitist was fentiter: in- the
confiped RYMmV imagias @fthe sempiexq ORIl petMiShIDg 4008 1 ip-

bound by the following theory, a tentative explanation for the internal
struc{fe BPRi-ansg et de dhe Eng e iR tRecaRmadpbaid shimtitation was
imagerfepresantscalipgsamergeaiime B phass HepdratipnFiawd Kirmatiemahg the
a dense Magnevielipid toroidal distribution around the periphery of the

particle with an preferential aqueous phase at the particle's center. This
response is probably attributable to several important factors: First, the
properties of Magnevist(r) solution are pH 6.5-8, an osinolality of 1,960

and viscosity of 4.9 at 20C according to the manufacturer. A plausible

chemical basis for this separation of the solution noted in the Magnevist(r)
Aata cheet The meanliimine calie dicenciate combnletealyvy from the comnley



WO 2007/047981PCT/US2006/041139 - 34 - [00961The foregoing

Examples demonstrate the successful encapsulation of an MR contrast

agent in the immunoliposomc complexes of the present invention. The

image enhancement demonstrated by the complexes over conventionally
delivered Magnevist(r) indicates the ability of this system to improve early
deY¥eatii/¢f &tncer via MM. Example 2 Comparison of Imagitffins2006/041139
Different Cell Lines [00971Figures SA®@11 show improvedimaging in two
different models of cancer using the Ligiuid-HK-Liposome-Mag

nanooetifitesn tmmm@mfmdbexa&f?tﬂdﬁﬂaem& fEagam RiR wege?@r@@l@gg@m 45). Tn
usi S ratios and procedures as set forth in Exa . Human

ore B e R PRl R S ToR Saedaagy over
cell el 33 85 cagure Sx s D betky we thesinteina rreoushy itje ctetbotargeting
the lowebhatk effemale athye i@lﬂéb‘d@lmeﬂﬁtﬁéé@é‘%ﬁtﬁrﬁé&g@ in both of
TfRﬁieestéN%I]iLB‘%?omed ongom Ieﬁgﬁcup ag), or the TifRscPv41K-liposome
nanocomplex (seLip-iTk-Mag) Eomptis ﬁttﬁé@&%aﬁeﬁ?ﬂﬁe,%ta}ﬁﬁ&@m“ is
the wameotdxsk vitMaghevisiR wErelinesmjectednfdia thietailivein) intereadh tumor
of tRe:ERreRIBNGE AR IN'e6, CARSAGHINRIANS- LIS RMAURL S MagNMISUY further

uivalent to twice the dose that would be administered to a human

ise \ ¢
pati%?ﬁ‘? B S YRR SPLbHHRSHORI R EA et Sn all oases was 400 il

A baseline scan was performed just prior to administration of both
nanocomplBRESkEheHfFH HEt the Magnevist(r) from the previous
008&Y had bggn washed out, MR technigue and windgws were constant = . q
[ b@tween the four sets c‘))f%égueée\?viﬁ.%%gw%l OWS g&?hsct%raptlgxggr eGpryst s
an StterrEcdRbEwitdiroatine strhstisemdmaierTirenydeminshowStd and SPM)
differencein:MRI signaliinamouse.wiih;a subcutapeous.iumer inWeh i) v,
the é(r)lcrqgged definition and contrast are evident in both the prostate
tumo%UMS) (Figure SA-81)) and the breast tumor (435) (Figure 8E-8H)
after injec}ion with the scLip-Mag and even more sp after injection with the

scLipHK-Mag. 1 ﬁfg‘ﬂﬁ%sgﬂ%@gﬁ&w\gmvd?gspec?fic targeting of a
[O()@@Pan'l ﬁﬁ@%ﬂ%ﬂ%ﬂ%&ﬁ% Elﬂglg Fﬁh?@@ﬁeﬂ?ﬁ@ﬁ&%? 49 (sj(()_:‘ lrcpoifutfrc‘]:se relatively

TfRscFv-HK-Liposome-Mag natioemplex. Subcutaneous CaPan-

xertOgy AR tHith STERAS &y teR darcRerithde sk ficH b pRfce d s taseiatsstcts —
in Methodsnindxamplenteihe tumogs-were banesetantasingadesllypical of
SUSEASIAN 0 MATRIGERI WERIUEGPAINIO e SAICA, GHR0Sed, . e
pancreas. Eight weeks post injection the TnZsclgv-ﬁlpoforne compf]ex with

or \mﬂ%&%o?(C%PW‘W@fZéWG@?@%IEC‘EWEBQG?QZIZZ%QQSG (2003)). So an

understanding of reliable methods for preparing and characterizing the dimensional and
mechanical stability of isolated liposomes is an essential step. The goal of this
characterization is to perform direct sensing of the mechanical stiffness and magnetic
properties of nanoparticles to establish that the contrast agent is indeed contained within
the nanoparticle and not simply associated externally with the liposomes.

[0088] The SPM images surface topography in tapping mode by oscillating the tip and
cantilever to which it is attached close to the cantilever resonance frequency. A feedback
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



- 35 - peptide carrying Masunivist was injected into the mouse on two
consecutive days. The total volume of solution administered in all cases
was 400111. A baseline scan was performed just prior to administration of
the nanocomplex to confirm that all of the Magnexist(r) from the previous
day had been washed out MR technique and windows were constant

betygendthe ihiee sets of images with the windows adjusted tg-¢react for -,
an automatic windowing feature of the_scanner. Similar to Figure 8A-814,

improved imaging resolution of subcutaneous tumor (white arrow) and the
metastatic. lesions i? observed, as shown in Table 3. Table 3: Intensity
|

IncreSS¥GUEr BalBIfE B) Eree’tn Ehnetakisel Mayeviste) mechanical stiffness

Sampls@aRarft PAdtik. %8 yndregse GveseBaselingad Gosopiaxadw certain features

Matrﬁ%wﬁ@)ty Q&MW&E&W%%% Z% correlate this with the response expected for a
specific structure such as a liposome. (The fiee oscillation amplitude signal is
approximately 1.78 V.) A sequence of SPM phase images of a pair of isolated liposomes
without payload is shown in Figure 4A-C. Figure 4A was imaged at a set point of 1.68 V
and the corresponding negative phase difference between the substrate and liposome
indicates that the tip-sample interaction is atiractive for the liposome, given by a phase
value of -3.5 degrees. In the case of an attractive interaction and negative phase, the phase
image of the liposome appears dark, except for a topographically keyed ring at the
liposome edge. Figure 4B demonstrates the effect of reducing the set point to 1.45 V: The
liposome now appears bright since the tip-sample interaction becomes repulsive, and in
this case the phase difference between the liposome and substrate is +8 degrees. Finally,
Figure 4C shows that the phase difference recorded at a set point of 1.35 V increases
further, becoming +35 degrees.

2. Imaging of liposome-encapsulated Magnevist®

[0089] Figure SA-C presents SPM and SEM imziges of isolated liposome-encapsulated
Magnevist (Lip+Mag) nanoparticles. The size distribution of single Lip+Mag particles is
in the range of 100-200 nm diameter and scales according to optical measurements that
indicate that payload-encapsulating liposomes are approximately 50% larger than
liposomes alone in their spherical state.

[0090] The SPM topograph appearing in Figure SA indicates that liposomes containing
Magnevist® have a bimodal surface shape after drying that is more complex than that of
the simple elliptical surface of a liposome containing no payload (not shown). The SPM
phase behavior differs markedly from that of payloadless liposomes, the outer ring is
repulsive relative to the center, and a corresponding ‘SPM pﬁase tmage is shown in
Figure 5B. 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 Figurés 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



Example 3 Comparison of Dynamic Mill Scans of Subcutaneous PAP/C- I
- Tumors after Systemic Injection of Free (Uncomplexed) or

TfILS'eTY-Lip-Magnevist [00991The following experiments were
performed to compare the rate and level of uptake and washout between
free (uncomplexecl) and TIRscFv-Lip-Mag in tumors after systemic
delivaryo@Biabreataneous xenogtati tumors of PANC-1 were indeicedsnos/o41139
female athytnie nude mice by injectiod2f | to 2x107 PANC-1 cells
suspended in Matrigel collagen basement membrane matrix (BD
Biosaienikesys Approxineaie nachs3 smetksifatetush e@niiffeaisawweﬂ;@ednw Since
imagin tionic lipos DOTAP:DOPE) wa ared the ethanol
et e R b S e B R PR e s
Appheafiorsedon Fopsrodaad 6 rrodiffereas al., Molecular Cancer
Therapeutics 1:337-346 (2002) the disclosures of each of which are
incorporatéd herémbyerefdi®sce).Lihé/fartjetingmoisty used in these
studies is the anti-transferrin receptor single chain antibody fragment

[¥PAIserv). o1 BTG e AESSE ke %ﬂae%ma@%ﬁ@raaéwestnﬁpﬁfﬁ%eﬁf%d by SEM
mixedddtithes lipeadibe iat\egpeeifiesatio duwdineubgiedoat #6068 indicate that the

tempaARrefohdad! o@é‘%ﬂ%‘%‘é SR 5589&%”4?&5’?&%?%5%% 4\9)%20&1 be

minutes. Magncvist(r) was added to this solution, Mixed and again’ W

200%&9&&@@@2@9@%@?@ ot faaiisharst M P%ﬂf{%ﬁ%é?a%a%é%ﬁ flamage
30 rrunhaesmsuuabiy;ﬁ:ﬂaemmumepwsﬁguﬁabiwﬂﬁbv&ralmmmtesgoWh% damage

pre%aredf rin ((;)mgs?hsgcrg ord roseuwas ded écha pgr that of th
concgcnq[rr%etlosrllg(l) 0.5- 50°/§ C(i 020>§J mosctosn y 109 or or sucrose . °

and@%W@e&%séhaﬁ%amcﬁBa%éepaflﬁéoqméﬁ%@ﬁam}%tﬁmma@f the liposome
minytese suitablynd-25minutessmastsuitahlyha:2Quminuies The sompleXmages

is forme tlo I imagin to 3 1 17 ug Tflts 0-
o LIBEA S IR S e B ANAA0RNL Qo e 1 % o
ug Lﬁﬁ@s@ﬁbethmé%ﬁ)ém|9a|1ﬁwjeﬁﬂaéqﬁ§dﬁgéﬁvlt@@st:tm@hmgay%@m variable.
Liposgme) desingdhenainone precasiirecrange foq%%mabi&&ilﬁ@ Bfdhgne has
com Iex#sB rom a out Oto 1OOSQ nm swta%/ (Ht 50 to 700 mu and
most sulta a ouf% % Sﬂme 18?8 ecorﬁ ex asgformed usmg

[00924 nig |\/|dgrﬁeszﬁsm@@tagims@iﬁsmh@@@e@oﬂrf&seﬁpww@émwﬁ using
finabconcentirtionQf RierJLOHNI AnmRaYSe BeANING: RANK- Jsstb@mw?ogsw the

tumors induced as above was anesthetized and plaged in an animal

holdBF&yate M RR%s e%%%o%i%{gﬁh@&éaéﬁl‘ﬁ%u%‘%8¥rﬁ‘raﬁ% Qoo Fith! tridould be
remponiidegas oraprsing &66%Pdkygentandi8eeh nitbuthoxidemaiktdegnevist”
'V'a'@&%@éﬁ%&’fx@ﬁ%tﬁ%ﬁ%@@ﬁéc'Tfl‘a‘é’qg Wil Q @ %Asqﬁawl%r MFM of

(preferably 1.5%) under similar gaseous conditions o en and nitrous

oxids S&h SRR e R e S S aifmst %ﬁ‘&?gfﬂlﬁﬁéﬁl Jasgggthe lift-mode
cylirdpitalivariab b er Sidf e gu estaylisesd manttaniende {biidgrgre respmaigietic in
Vo'%rgoﬁ %'ﬁg H:l@(?ed (Iiota)ggll%%cf rﬁtgd‘é%n&ydgxf ﬂ@ﬁ{%%ﬁ{ﬁé\/ rﬁgé)e M&r&émons is

(the resonant frequency of water molectles when subject to a field

streAR6E ke Sel§rertrosiagiiBfprotbenitidey wsd ”F’l offisigtitetipriip a specified
dimeeigionaky gwha BMEaewml tREEHBIEOR Withscapidien antemeast)height. This
ima sequences med on a 7T, Brake ln Ger [LIS/

e L R R TR G i moce o
(2-cirhelgBieAd ), TEoT o ﬁmnﬁrz 426:3 7 mt&omfm@r@eﬁw@sm #mage. The

- fieldygfasianeolop- 1 2pak? &mnfiena prssliReimageamaciuiethdiSyithin the
animal was kept |mmob|I|zed in the anlm%! holder and either the free

(uncBMpfExetiERiagnetiad TMAJ EGRE U REShHS BRtite FareaphAL A gRserv-
conipte¥Megntaindogpive.idBnrtieplarmoend O Magp(tothpalollikaeskal @ Figyre 7B
suitaBly;300-50 Qul. FoskSuiabiy 200-0ALWAS SYSEOERIY sgests that the
administered using a 27G needle by intravenous injection into the %al | 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.



WO 2007/0479PCTi11S2006/041139 - 37 - 101021As Shown in Figure

10, there is a significantly higher level signal in the tumor after intravenous
injection of the complex as compared to the free imaging agent. More
sipificantly, this higher level is maintained over the time course of the
experiment. Example 4 Detection of CaPan-I Liver Metastasis by
Tifisaodzipsigl | C-Magnevist [0103]The following experimentawesenes/o41139
performed to assess the ability of the JiRseFv- Lip-HoKC-Mag complex of
this invention to detect and enhance imaging of metastatic tumors. As an

example, O;P%E%‘SLB é%%%nféf?ﬁ’; %@9&‘@&%“3 Gtowdal diszii %Tﬁ}%&agﬁ%%ﬁ%ﬁtmn the
imaging of metastases from any type of cancer can be achieved using the
comPlexesspddoniei B df i presegiciniiardes gnprestate,

melanoma, renal, breast, gastric, liver,

Discussion
/
{0093] The results described herein demonstrate that we can encapsulate and deliver the

commonly used MR imaging agent Magnevist®, to tumor cells both in vitro and in an
orthotopic animal model and in doing so produce a more defined and intense image than
seen with uncomplexed Magnevist™.

[0094] As shown in Figure 1, the nanocomplexes of the present invention can target
metastatic disease, thereby enhancing detection sensitivity for metastases. Using SEM
and SPM it has been demonstrated that the TfRscFv-liposome complex maintains its
nanometer size when Magnevist® is encapsulated (particles of approximately 100-200 nm
are shown in Figure 6 and 7). It has also been demonstrated that the structural and
mechanical properties of liposomes containing a payload are sufficiently different from
those without one, thereby confirming that Magnevist® is indeed encapsulated with the
liposome. This was further confirmed by MFM imaging of the complex.

[0095] While not wishing to be bound by the following theory, a tentative explanation for
the internal structure of (Lip+Mag) is that the slight bulge in the SPM topographic image,
represents a liposome-confined phase separation, i.e., formation of a dense Magnevist®-
lipid toroidal distribution around the periphery of the particle with an preferential aqueous
phase at the particle's center. This response is probably attributable to several important
factors: First, the properties of Magnevist® solution are pH ~6.5-8, an osmolality of
1,960 and viscosity of 4.9 at 20°C according to the manufacturer. A plausible chemical
basis for this separation of the solution noted in the Magnevist® data sheet: The
meglumine salts dissociate completely from the complex, so changes in the local osmotic
conditions. Coupled with the charge interaction of the gadolinium complex and cationic
lipid, these interactions may provide a strong driving force for a hypertonic phase
separation within the liposome. The charge distribution between the cationic 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 reinaiﬁ intact during
the film drying process, in contrast to the extensive decomposition observed with the

liposome only solutions.



ovarian, bladder, head and neck, brain, bone and any other type of solid
_ tumor). Subcutaneous xenograft tumors of CaPan-1 were induced in
female athymic nude mice by injection of 0.5 to Ix 107 CaPan-1 cells
suspended in Malrigelm collagen basement membrane matrix, (BD
Bdosciences). Approximately eight weeks later the tumors were harvested
and, sigls &l suspension of the twnor was prepared. 1.2 '}cﬁ‘rﬁ@)&/oum‘)
cells, also suspended in Matriger, were injected into the surgically
exposed pancreas of female athymie nude mice as previously described
(Alisauskus, R., Wong, G.Y., and Gold, D.V., initial studies of 'monoclonal
[0096tibody PHARI4orsRg BN B e o g aRB 81t HBfo pIE Gssiit SAfRPRAM Y, of an MR
Cange#Re$986EMbhe Sridaedipd88nEl 0Qh)) eddd 1EI4LE attenic lipasdmeThe image
(DOTAP:DOPE) was pr ed,by the ethanol injection m C . ®
e T B B e Bt e O ed Mg
200810014 4072Khee BhisvslecuinCErceeTharksBoiescang g g AR 1
(2002) the disclosures of each of which are incorporated herein by
reference). The HoKC peptide tK 4}{al—lr)lK§ins-K(E)|CKC) (SEQ ID NO:1)
carries a terminal cysteine to permi co%Jugation to a maleimide group.
Thus, when the HOKC peptide was used, the liposome formulation also

incl e MR fes MR S B SPE (MPB-DOPE).at 0.1 to 50

(od®q'ar pergent,af toxaklinit, MRk - B EietAR b MO OREFELAk h S of cancer
lipid, most preferablﬁ/éf;| molar percent of total lipid. The IloKC liposomes .

werd e phifell B BrebiouR HESBE TR %6t al EATRERIERSS for vse in s
transfestjon etficigapy O fuai gy ste micallytdelindred tuines-targeting: in Example 1.
im nr%lég %pégé IBXnI&SﬂWI\QEQX@' Fgf' ﬁ'i%?(,s 'é'ly%ms&d%ﬂl'ﬁg&gg%g’!ﬂ@er cell line
peptide, Nucleic WO 2007/047981PC Ml 21111,6[04_1(}(39 -38 - Acids |
Res@ai 34 e (S i) cothia et et ety Bk P RS Ui aRsk-ig" fomale
the aﬂi&tfa@af&réimtacapt@rrgm@ied@imathiébﬁmsd?‘azgm@otx(ér iﬁt_smEmpllex (scLip-
1013@@,%%%%&%@&&%%@%gsmpﬁgg EIRECHRY WS wx'%ﬁ%%‘)’éﬂihe HoKe

the soine at a _specific ratio and incubated at room temperature for 1-
30 rhfmitss cewitiing BooHTfates! Mesteithn 201 3 iflidteds the tail vein) to
Magngyisi{rinag@ededdoth i@ﬁ@MﬂﬁMkpﬁﬁb@di@@d mgai lﬁrﬂmubafemmevist® is
room temperature for 4= 39, inytes, suitably, a0 MINUE S MASHAUALMe total
10- T¥'minttes. When prepare(?l for in'viva use, sucrose or qnéxtrose was
addeditma dirallconcehiationedf 05095, suitifly i -2dasckne seanitabper formed
10%, far sHeRSS1ANGRIASRL AR ASRo ARG IDCURAIES AL RMIEBIRR Al PBevist®

for I- 30 minutes, suitably 5-25 minutes, mast suitably 15-20 minutes. The

comPrE% {RerBFRTEY I M emingTIHh G Ay ST BB PG s ERpstant
to 10<35edg thipaaameskdo KG{suitablhiingidvagind)egehttocdié tdok @ugutomatic
Tme_{)&gnglf%_@quolfi&%S%ﬁéﬁ%gﬁmgsgmmy éime@@m%@gﬁﬁﬁal na

to 0.71 rig IfiCsali'v to 21ag Liposoine-HOKC) using the above procedure.

A rafgussrEER ep bR &R RIS dorfiBielk fLembrscatsdulodEiiien 6po tqRtrast are
suitakiyabaubs tnc7R0nam: andom@st ptaferaple: K00ID)500 tunbidetater (435)
complex w d using 4.7 evist(r i me- :
L T B B b e 1o v
MiceliseghittgHEaMag-1 ortlaotopic tumors induced above (approximately

jodskjveeks posirswigisel implantatierefithedtimarcetls)ovese peasieiized wmor
and placed in an animal holder system. Anesthesi s induced usin
isof fliArE A8 Rt IR Srenr%?éj?er}lli?]bé' z&é% gc%r?ns 6%%?%%{; 188%%)%&%%%‘:01“!)&&
30%Sitrotisoxid €aPaxtl r@%@ﬁtem@evofeeﬁmésméﬁafwa@aﬂéhﬁmGWﬂmi% as
1.0 t19.¢-QR04sQMHraRE AP fﬁf%wlel'ﬁ%bhlé ndelsimilat 9aseKa canditiensle cell

of oxygen and nitrous oxide as noted. The anesthetized animal was .
positBRSEsiARide AT RfifdrickivAanettg Mtndhe SHeE Ay SLBRsH RaFT, Fieht
(birdweage pesongtonvolume aoitFendtuned tomplenteitrequertbyuofHoKC (HK)
approximately 300 MHz (the resonant frequency of water molecules when
subject to a field strength of 7 Testa). The imaging protocol used was
Tl-weighted Turbo RARE (rapid acquisition with rapid enhancement)
three-dimensional imaging sequences performed on a 7T Beaker BioSpin
(Germany/USA) imaging console. The imaging parameters used were:

Ti-weighted Turbo-RARE 3D (3-dimensional), TB 13.3 ma, TR 229.5 ma,
Elinhacrk on 4 echnec with a field of view nf Q N/R B/R E ~rm and a 2RA v



~ preferably 200-4004 was systemically administered using a 27G needle
by intravenous injection into the tail vein of the animal and the 3D imaging
sequence was immediately initiated. [0107]After imaging, the animal was
euthanized and visually examined for the presence of metastases. The
liver was removed, fixed in Formant', paraffin embedded, sectioned and
staN@FUUNG H&E using standard procedures well know to of& BESHMieH?
skill in the art. The sections were examihed by microscope and the
observed metastasis photoggaphed [0108]Figure 11A-1lA: Figure 11A:
pre-dSAts ARV PRI ifi By AL ife RE: M grinjee vorivRigemesatigs days. The

histotogy. thﬁlerﬂﬁCHmmﬁ)@@aﬁ[ﬁ@t&déaﬁﬁQﬁ&Q@W&@d@%@gﬁmﬁnﬁﬂfﬂe scan was
TchFv Li '8' us? '\141%19 tgsg rIgV\lls {t arrogzvt) The two reas identified with
the snr)mrtw arrows are corlf%lec oh MorS POBRSH Sfc&eriny that all of the
repré‘éé%ﬁem@ pﬂ%r@@ﬂ%@@dﬁd@d@mwﬂﬂcémwl NMBtéastasimd thickwindows
Whiteyai QUi £ BERRES RHP-SAMEPBIELR SREN MU SR BRI W rrect for
The thin exten5|on liver (long thin arrow) lies adjacent to the metastasis.

Necr%npéufl Aet 10h‘?ﬁ\?& 5 dRe Fidisogy %?Fgﬁ‘idﬁﬂ‘érgeg)‘%ﬁ?lﬁm Hruseféetdt improved
metadstasiy (batktar el siidinectyuadjacenttbilong thin extansinatefdiverlesions is

Notetg-simiatityof shapg.of one of the pieces of metastatic tumor to the
appearance on the -MRI. Example 5 Enhanced Detection of Lang

MetastHSs By AHARSER eI agﬁé%ﬁgqlm‘@glir?ﬁ@%ﬁ@wma@kymﬁsm

were pe‘i?kmrﬂed to demopstrate thatarlagn administefed intravemaugaly (or

a-H-FD-PDA_1R)

Viaany otherappropriate rotte;e-g; Uutd mnugé} SRR PAHP) the

_camplexes of the presen invention carrying an Imaging agen can

ehpRkscddYBetsrisHf metastases as mpared to when the imagit§ agent
s admmﬁgneciwrthout the use of the. ggmplex. Lung tumors werggjnduced

n-femate-Batb/C-mice-by-the-intravenous-injection-of-lto-10/(104 RenCa

cells. This method results in metastases that reside almost exclusively in
the lungs of the animals and thus serves as a model system WO
2007/1147981PCTIUS20061041 138 nAfk-For any other type of cancer
that results in lung tumors either as primary disease or as metastases.

Appmﬁ% %fbﬁylgﬁ’ft% I]Wz@f W?rz?@}‘%%'zﬁc%‘?f%%%f@&w tgltr}gs after Systemic

Injection of Free (Uncomplexed) or TfRScFv-Lip-Magnevist

[0099] The following experiments were performed to compare the rate and level of
uptake and washout between free (uncomplexed) and T fRschLip—Még in tumors after
systemic delivery. Subcutaneous xenograft tumors of PANC-1 were induced in female
athymic nude mice by injection of 1 to 2x10’ PANC-1 cells suspended in Maﬁigél ™
collagen basement membrane matrix (BD Biosciences). Approximately 2.5-3 weeks
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). | | o

10100} ’ 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, suitébly 5-20 minutes,

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




[01101 Cationic liposome (DOTAP:DOPE) was prepared by the ethanol
injection method as previously described (we U.S. Published Patent
Application No. 2003/0044407; Xu L, et at, Molecular Cancer
Therapeutics 1:337-346 (2002) the disclosures of each of which are
incorporated herein by reference). The targeting moiety used in these
stughiesog theanti-transferrin receptor single chain antibody fragng@ibos/oa1130
(TfRscEv). 101111To encapsulate theggnaging agent, the TIRselFy was
mixed with the Liposome at a specific ratio and incubated at room
temperanits for Ly, 30 MDUES. SUItablY.B:20.MinHISS mastSHItabl, 48l Aury 10-
mlnutes.a'\ﬁaglewsts was added to this solution, mixed an?inagaln
incubAteggerooEnisdEedréTar VB0 RIS SSOTt DT S20 Hitildedsto 2 final
?OSE&%EMM&%EIZZ)&HU&?@%«JIWQQH{Z(B’J@ﬁfﬁiét;@ﬁiiﬂaqu)m%iu&f@ﬁ@ &1d 5% for
extrose was ed t inal concentration_of 0.5-50%, suita -20%, .
oot TEAEI OO I e ot R B ) B e BN S0 mimuts
roormishypiteluie RSt hiBOmihetesnphen és Soitadylyaba2stimiplutess, imashg agent to
suitaply 13-20,miputes-«J he-somnignisdrrmed:al a ralin 5iingmagiog to 1.0ug
agent to 0.33-1.17 ug IT.Rsefv to 10-35 ug Liposome (suitabTy Ru
imadifity gl ’t%“%?é‘%oli?ﬁi?éﬂ?fﬁ%“éﬁ\‘}%’gﬂ-% Ry Eiokside %gtlg TiRschv to
suitatilyg [ higpsoragingiagtatae 6f bruge Al R schwnbg2iligdcsptdbdrerusinbetbenplex

aboyeracedtise A ARGl 866ERIAPIGSIEES RIHE COmMRIRX iSidiATbout 100 to
about 20 to 1000 run, suitably about 50 to 700mn and most suitably about

100 18%580 dirHRTEMBCoMpI SIS ra et s MG g’ Ridgheosgme and 3.3
99ugd iMRsameande3t3ug to fitfcH vonittntdakinege 1. a final concentration

ffi3%- (013214 mouge, hearipding UmArSIoduced AROVENAS) as above was

anesthetized and ﬂplaced in an animal holder system. Anesthesia was _
indutsaREY i4BAERE 4%, WAL ASMBNFRTY gdEORiRSIRY Bétss using
oxygestiantk 20%njtrats txidenaiixigresdMainpeinance edfanssiasiaddss nitrous
achigyad }’n"&%&ep Q2920 Reflwane dpreferably %) %éélﬁ'ef‘;.&'[%"%% isoflurane
gaseous conditions of oxygen and nitrous oxide as noted. The '
anesHRiEABY AnirhIIPas HOURIGASE Uh SIS of MrideriatvhiisBHs oxide as noted.
radiafiequensyireaonantartenie (bikkd Gage:resansiaiivioll meigal)rafidfrequency
tuned to a center frequency of approximately 300 Z (the resonant

o RS oA Floe et Ra ol )t G 500 bcgeney of

The dnragyimepisho & Mide dthvassPianke ftstesnaive diveiensiokellTurien subject to a
MultigligerMigiiechy iagingrsaauans@Resiorned A il -BmkenRBiazRfsional

(Germany/USA) imaging console. WO. ..

oo L FOH PGP LB USK oA 158 T FRERAG NG BRI SrarsEsgerforned
weren Bl WdlgiteBRDHR2-tinensidnal)) TRdoe2brmye TRhe400gms, elipheteks used
off, & gyeraces with afielsl ek el 3:84 0 3BA RS 2BRXL2P6ff, 8 echoes

matrix. After a baseline ima?/e was acgﬁged the animal was kept .

immBBHti2dFih o SRiar harct Sha SliEARETHEE (RiESMBReiied. the animal
Magwes/iste' in{gatiiideditHae EfRse\rdlibMag comptex foar(iaiomplived) Magnevist®
ide“{i@g{%}g YU 9@&4@9&9@%@4&%&&@5}%&1@@%&%@[Xe]iQQéé&QQmoum

most suitably 200-400u1) was systemically administered usyn%a 27
needieMigiNt b anbirsinEdioh thisiirdal APen SrthaeshitHEr kNP W00 ul) was
imagipgsequendawasismatdiatelyc intaletly Thepixeldmersdy bidhRe tail vein
images was measured. and plotted. The same se was used for
ot T e AR R B (0 yerases
on séég@ﬁtmmmgted 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 sequenﬁal days, with the Free Mag first.



101131As Shown in Figure 12A-12E, Mere is a significantly higher level
signal in the tumor after intravenqus injection of the complex as compared

to the free imaging agent Thus, the complex of this invention also

enhances detection of relatively large metastases in the lung as compared

to thecusrenthgused method of administering free imaging agent/Exampleso

6 Enhanced Detection of Small Lung Metastasis by

Tifiselev-Lip-Magnevist [0114]The foIFoWihg experiments were performed

to demonstrate that when administered intravenously (or via any other
(4B topriate’rochere gt Bigtirot infitae o it sy sher deyRjesaa igfthe tumor
the prgsenitnuebliomBaiING &R iNagingd.agenhaan detectveinsimallhgent. More
metastases inat as“xEE‘ LOR dgtected whe ”05'39&1@3%}5‘90%%8%% Be experiment.
admifiStered without the use of the comﬁilex. Lung tumors were Induced In
female Balb/C mice by the intravenous injection of 1 to 10x104 RenCa
cells. This method results in metaﬁa@eﬁm reside almost exclusively in
the lungs of the animals and thus serves as a model system for any type

of canger hatdRerisr NG WMRiaSithe T A8 RN VLAIRESHE Al A5

metastases. Approximately 7-9 days later the animals were used for
imaging. [01151 Cationic liposome (DOTAP:DOPE) was prepared by the

[@ltmn()l inj eﬁllé) Ebm%%de%%ﬁﬁ%\ﬂ@ l‘!}%}’eg)%%ﬂg&g t@gs%eg" N d‘mmq‘he TfRscFv-

Patént Application No. 20 0(%0044407; Xu L, et of, Molecular Cancer .

TherdgR U T eSBle A WG 26 BEETRSR R of metasati
2007161418&81‘9%758:3_6&6/ Gﬂéltﬁs?b&es @m&@iﬁﬂ@ﬁﬁ@ raimzbhmim)dayxined, however,
refergneel NS geling, meisly H3ed 0 ese, st h%ﬁi@éﬁ%sn'l_g the complexes and

anti-transterrin receptor single chain antibody fragment (TfRseFv). o
methods of the present invention {(e.g. prostafe, meclanoma, renal, breast, gastric, hiver,

ovarian, bladder, head and neck, brain, bone and any other type of solid tumor).
Subcutaneous xenograft tumors of CaPan-1 were induced in female athymic nude mice
by injection of 0.5 to 1x10” CaPan-1 cells suspended in Matrigel™ colfagen basement
membrane matrix (BD Biosciences). Approximately eight weeks later the tumors were
harvested and a si\ﬁgle cell suspension of the tumor was prepared. 1.2 -1.5 x107 cells, also
suspended in Matrigel™, were injected into the surgically exposed pancreas of female
athymic nude mice as previously described (Alisauskus, R., Wong, G.Y., and Gold, D.V.,
Initial studies of 'monoclonal antibody PAM4 targeting to xenografted orthotopic
pancreatic cancer, Cancer Research 55, 5743s-5748s (1995)). ,
[0104] 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 HoKC peptide {K[K(H)KKK]s-KH)KKC}
(SEQ ID NO:1) carries a terminal cysteine to permit conjugation to a maleimide 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 eﬁﬁciency of a systemically delivered tumor-targeting »

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



[01161To encapsulate the imaging agent, the TfRsav 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(r)
was added to this solution, mixed and again incubated at room
temperature for 1-30 minutes, suitably 5-20 minutes, most suitably 10- 12
minute® WhBR! prepared for in vivo use, sucrose or dextrose Wadladeg 1139
to a final concentration of 0.5-50%, suitdbly 1-20%, most suitably 10% for
sucrose and 5% for dextrose, and incubated at room temperature for 1- 30
minufeiisRitably 53 25Mi1es) moist sujiebly h5:20 mbauiescEhencRIMaXe anti-
is formed.at a Lall IngLi [ RAR 0.33-1,17.ug TfRsel'y to 10-35
Liposoﬁﬁsﬁ%@%ﬁ%%ﬁgﬁ agentgi 0 %%gfﬁ%% TfltSeFv to 1428

l Oﬁgﬂi posom&, FGRE et BR Rag iy ey SRS 0 s g <Pflteath thedihagome at a
Lipospié} usingthmaibawe presed Wzﬁpé}afaztl)al%gf 30GRRIARIESIZES @g}b%ﬁnutes,
com S 0to 1 inn,. seita ut 50 to 700mn an )
oot Stabl oot 100 13 B0 A ete (48 KOINDIE Wt BHbct i god s
4.7 RGDASGACASY: SURGEIpEsEMe HhenBwgstiRBBLSAithidextroset toiiably 10-
final congensatiomar HRIHLILAHAMSE DG WNAIRALSINAUERT 16 o final
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the complex. The imaging was performed on sequential days. At this field
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diameter) was also detected using the complex of this invention, but was

not detectable by the free gad-d (Figure 14A-14D). 10119]Employing the
identical tumor model system as above, tumors of even smaller size can

be detected after intravenous injection of the complex of the invention.

Here the imaging parameters used were also Ti -weighted 2D

(2-dimensional) MuthisliceMultiecho imaging sequence, FE 10.21 ms, with
"FR = 630.8ms, Flipback off, 8 averages with a field of view of 2.56 x 2.56

cm and a 256 x 256 matrix. As shown in Figure 15A-15B, nodules of 1-2

nivele were detectable hy the comnley Nodiileae NI and N2 ware



WO 207/047981PCTMS20116/041139 - 44 - approximate location as.
expected based upon the .1v1R1. The distance between the two nodules
was ‘measured on the MRI image and was found to be equivalent

(-600nin) to that based upon the histology. Thus, these extremely small
histological determined tumor mases do in fact represent the nodules
detgeted, 90 WYRT using the complex of this invention. The leyehafs,oo6/041139
sensitivity of detection found here forlung metastases is geater than that
currently seen with CT, the commonly used method of detection of
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types. Clearly this represents and unexpected and surprising result. .
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agenstcain: detdetityefasiases thabd e poichmifetktastiiasefranm dnapsediance on
car&{gms. Lung tumors were induced in female C57/B1 6 mice by the

intravenous injection of 0.1 to 5x105 B16/F10

Example 5

Enhanced Detection of Lung Metastasis by TfRscFv-Lip-Magnevist

{0109] The following experiments were performed to demonstrate that when
administered intravenously (or via any other appropriate route, e.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



WO 2007/047981PC171182006/041139 45 - mouse melanoma 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 2-4 weeks later, the animals were used for imaging.

105238 h6eationis liposome (DOTAP:DOPE) was prepared by the@tbaaohs 1139
injection method as as previously desctibed (see U.S. Published Patent

Application No. 2003/0044407; Xu L, et al., Molecular Cancer
Theré&peutjcsti:88p346c(20a2hihe:digelasurgs hoackat Wwhishid§ disease or as

incorporated hegel ference). The targeting moiety used.in.these
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mosf sUItA Yj’lO% for sucrose and 5% for dextrose, and incubated at

[0t6bim tempévaturepfolale 80 Mmiritesgsuifaiy RAFMinkteseMashsuitaphome at a
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Ara taple si the complex is from about 20 to 1000.tun, .
ity 501670 1nh Gt Mot Sy 10D 10 500 1 e W oL o
was SHTREPHEh G L7 g Mg 28 ugrom seme 4t IBugeTiRedrd 5% for
withdisxtreseutd arfinalieonrcenttation it 1012550 MOURS, headngiupy 525
tumaors indu thetized and placed in nimal holder.
sy K O R DR, it i 1 1 g
rem3&iHdedhEebiptsil 518690 8:3/gen ldpe 3Bemitrblys medeagingarent to 0.5
Maintenence tfsanesthesiEs wag aetievg disdtndi@olo 2:00miseflerangt 0 0.71 ug
(prefﬁ@g{%Jf(.)&'(;g/f%ﬁumggosigilasrmgatge% s conditigns of oxygen and nitrous
oxide as noted. THhe anesthetized animal WAS $odifione diisigs Begptable sizes of
‘cyliffricanrisriableoraghefiefliendptesorafitbinténna {bird tage resonatonitably

voluiseucaithandstimed tore.cemtesdrgauency afararoximately. 308 M. 9oug
(the.resonant f@ﬁ]gen &g&/‘\}/%% Molecules when subject to a field
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[01dFhensionAl Teibo ivhuitis [fees MulfischduddQbove was anesthetized and placed in an

ZOOZI{QM%&H&TM%%@QOGA%&H%%'xf}&'mduced 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 hoté:d. The anesthetized animal was
positioned inside of a cylindrical variable radiofrequency resonant antenna (bird cage
resonator volume coil) and tuned to a center frequencj 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—Mulﬁecho

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



imaging sequence performed on a 71 Bruker BioSpin (Clammy/GSA)
imaging console. The imaging parameters used were: D.-weighted 2D -
(2-dimensional) itnag,ing sequence, TB 10.21 ms, TR 1418.13ms,
Dipback off, 8 averages with a field of view of 3.84 x 3.84 cm and a 256 x
256 matrix. After a baseline image was acquired, the animal was kept

Immpbiinedsndhe animal holder and either the free (uncomplexedhs»o06/041139
Magievist(r) (gad-d) or the TfRscliv-LiprMag complex containing the

identical amount of Mag (total volume 50-1000 ul, suitably 100-500ul,
mostsuitably, 209:-400M) Was wystericaiy adminisierad Msiaga B ®.21 ms, TR

needle by intravenous injection into the tail vein of the animal and the
imadifyreediiahres REsSATTRRIEN mitrltet e PRl indRdifrarha 256 x 256
imagesrivasineasbeedinbhegamemogsecwabeusachfowinagin dgnwitivibatid in the
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values co (Eare . As show th Table 4 below, the complex showed the

erformed on sequential days . ..
gree}?élssf’en Sicement over theé baseline value. The Standard Deviation

[05Rbws thatth8hdiffereriteubeinbdddbotirtei arsdzhdiselitie lvahsedeis! signal in the

significaptwhilgthalbetweendnreeiMaghpwstit) Rng haseling I8 ek balie gent.
4: Comparison of Signal ,Intensities in a B16/F10 Lung Metastasi ,

Treattent 2% %’hgfﬁuxsel‘%‘fbl%“ ?/S&S\“dlé“iﬁﬁ?e A SRR y[faef@%%hasms
- Baselindynp 226888pared to the currently used method of administering free imaging agent.

Example 6

Enhanced Detection of Small Lung Metastasis by TfRscFv-Lip-Magnevist

[0114] The following experiments were performed to demonstrate that when
administered intravenously (or via any other appropriate route, e.g., but not limited to IT,
1D, IM, IP) the complexes of the present invention carrying an imaging agent can detect
very small metastases that can not be detected when the imaging agent is administered
without the use of the complex. Lung tumors were induced in female Balb/C mice by the
infravenous 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



7765.1 1757.2 Free Magnevistw 17959 12979.3 2976.8 Cornplexed
Mag,nevistTg3 22351 14341.3 2384.6 REFERENCES 1. Gillies, R.J.,
etal., Neoplas-ia (New York) 2:139-451 (2000)
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are incorporated herein by reference). The targeting moiety used in these studies is the
anti-transferrin receptor single chain antibody fragment (TfRscFv).

[0116} 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
incubated at room temperature for 1- 30 minutes, suitably 5-20 minutes, most suitably 10-
12 minutes. When prepared for in vivo use, sucrose or dextrose was added to a final
concentration of 0.5-50%, suitably 1»20%, most suitably 10% for sucrose and 5% for
dextrose, and incubated at room temperature for 1- 30 minutes, suitably 5-25 minutes,
most suitably 15-20 minutes. The complex is formed at a ratio of 1mg imaging agent to
0.33-1.17 ug TRscFv to 10-35 ug Liposome (suitably lmg imaging agent to 0.5 to 1.0ug
TiRScFv to 14-28 ug Liposome, most suitably 1mg imaging agent to 0.71 ug TfRscFv to
21ug Liposome) using the above procedure. A range of acceptable sizes of the complex
is from about 20 to 1000 nm, suitably about 50 to 700nm and most suitably about 100 to
500 nm. Here the complex was formed using 4.7 mg Magnevist, 99ug Liposome and
3.3ug TfRscFv with dextrose to a final concentration of 5%.

{0117} A mouse bearing lung tumors induced above was anesthetized and ptaced in an
animal holder system. Anesthesia 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 néted. 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.
The imaging parameters used were: T1-weighted 2D (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
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MolecularMedicine 8:476-487 (2002) 8. Rait, A., et at, Ann. N¥#8a6be/041139
Sci. /002:1-12(2003) 9. Cristiano RI, and Curie', DI., Cancer Gene
Therapy 3:49-57 (1996) 10. Chang, P ., Human Gene Therapy
7:275-282 (1996) 11. Keer, 11.N., et at, Journal of Urology 143:381-385

(199952ing a 27G needle by intravenous injection into the tail vein of the animal and the
imaging sequence was immediately initiated. The pixel intensity of the images was
measured. The same mouse was used for imaging with both the free and the complex.
The imaging was performed on sequential days. At this field of view 5 pixels is
equivalent to approximately a 3 mm human tumor detected by CT.

[0118] As Shown in Figure 13A-13D, a metastasis of 4 pixels (lower arrow) (which
corresponds to a metastasis of approximately 0.4 mm in diameter) was detectable after
Injection with the complex but not after the free gad-d. Moreover the signal was
significantly enhanced in a second slightly larger metastasis (upper arrow) as compared to
the free gad-d. Thus, the complex of this invention also enhances detection of small
metastases in the lung as compared to the currently used method of administering free -
umaging agent. An even smaller metastasis of approximately 3 pixels (equivalent to a
tumor of approximately 0.3 mm in diameter) was also detected using the complex of this
invention, but was not detectable by the free gad-d (Figure 14A-14D).

[0119] Employing the identical tumor model system as above, tumors of even smaller
size can be detected after intravenous injection of the complex of the invention. Here the
imaging parameters used were also Tl-weighted 2D (2-dimensional) Mutltislice-
Multiecho imaging sequence, TE 10.21 ms, with TR = 630.8ms, Flipback off, 8 averages
with a field of view of 2.56 x 2.56 cm and a 256 x 256 matrix. As shown in Figure 15A-
15B, nodules of 1-2 pixels were detectable by the complex. Nodules N1 and N2 were
visualized on the MRI scan. As they are so small (1-2 pixels) to determine if they were
actually giving signal above background, intensity was measured using Image J software
and the minimum, maximum, mean values and standard deviation (SD) was determined
for the two nodules. Statistically, if the max of the nodule was greater than the max of the
base +2SD of the base, there is a 95% confidence 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 lungs
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



12. Rossi, M.C., and Zeiler, RR., Proc. Aran. Acad. Set. (USA)
89:6197-6201 (1992) 13. Elliott,etal., Ann. N.Y. Acad. Set. 698:159-166,
(1993) 14. Thorstensen, K., and Romsto, 1., Scand. | Gin. Lab. Investig.
(Supp.) 215:113-120 (1993) 15. Miyamoto, T., et at,J Oral Matillofacial
Surg. 23:430-433 (1994) 16. Ponka, P. and Lok, CM., Int7. | Biochein. Cell

Bioly32083d4ke41137(1999) 17. Haynes, B.F., et al, J. ImmunotgkZ/;34 682130
(1981) 18. Batra, J.K., et at, Moleculag4di Cellular Biology 11:2200-2205

(1991) 19. Jain, R.K. and Baxter, L.T., Cancer Res. 48:7022-7032 (1988)

20. WplertM. Aofbata imanGans: therapy %@12%&13?@@8&@&@&% the two
Dunlap, D.D., et al, Nucleic Acids Research 25:3095-3101 gq997 22

KawBdPes o ae g PARRD R LB 0290 V1D &I 0 ORIy At Grofomm) to
Huntizat i@edepbndhapystbO 265706 654 0984y Bigbdfis©l @Cet @temfatu:rbhnnor

406,223:387 QQ&Q)represent the nodules detected on MRI using the complex of this
invention. The level of sensitivity of detection found here for lung metastases is greater
than that currently seen with CT, the commonly used method of detection of primary
tumors of the lung and lung metastases derived from other cancer types. Clearly this

represents and unexpected and surprising result.

Example 7

Detection of Sub-Pleural Lung Metastases by TfRscl'v-Lip-Magnevist

[0120] Employing the identical tumor model system and imaging parameters as described
above in Example 6 above for Figures 13 and 14, it is also possible to detect metastases in
the sub pleura of the lung as shown in Figure 18 A-18F. This is unexpected and surprising
since current MRI imaging with non-complexed agents which do not actually enter the
cell are not able to detect metastases in this location. This provides a significant

advantage in early detection and treatment of lung and other types of cancer.

Example 8

Enhanced Detection of Melanoma Lung Metastasis by TfRscFv-Lip-Magnevist

[0121] With respect to detection/treatment of pleural metastases, clinical control is very
difficult to achieve and measurement of benefit is also difficult. The results presented in
the Examples herein indicate that the complexes of this invention can reach and transfect
pleural metastases and therefore can also be used to treat them. Moreover, the complexes
of this invention could be the imaging tool employed to measure effectiveness of this, or
any other therapy.

[0122] The following experiments were performed to demonstrate that when
administered intravenously (or via any other appropriate route, e.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 voell carcinomas. Lung tumors were

induced in female C57/Bl 6 mice by the intravenous injection of 0.1 to 5x10° B16/F10
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specifésaltiom lung tumors either as primary disease or as metastases. Approximately 2-4
weeks later, the animals were used for imaging.

[0123] Cationic liposome (DOTAP:DOPE) was prepared by the ethanol injection method
as 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).

[0124] 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
incubated at room temperature for 1- 30 minutes, suitably 5-20 minutes, most suitably 10-
12 minutes. When prepared for in vivo use, sucrose or dextrose was added to a final
concentration of 0.5-50%, suitably 1-20%, most suitably 10% for sucrose and 5% for
dextrose, and incubated at room temperature for 1- 30 minutes, suitably 5-25 minutes,
most suitably 15-20 minutes. The complex is formed at a ratio of 1mg imaging agent to
0.33-1.17 ug TfRscFv to 10-35 ug Liposome (suitably 1mg imaging agent to 0.5 to 1.0ug
TIRScFv to 14-28 ug Liposome, most suitably 1mg imaging agent to 0.71 ug TfRscFv to
21ug Liposome) using the above procedure. A range of acceptable sizes of the complex
is from about 20 to 1000 nm, suitably 50 to 70 nm and most suitably 100 to 500 nm.
Here the complex was formed using 4.7 mg Magnevist, 99ug Liposome and 3.3ug
T{RscFv with dextrose to a final concentration of 5%.

[0125] A mouse bearing lung tumors induced above was anesthetized and placed in an
animal holder system. Anesthesia 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 Tl-weighted two dimensional Turbo Multislice-Multiecho



are herein inc-orporated by reference to the same extent as if each
individual publication, patent or patent application was specifically and
individually indicated to be incorporated by‘reference. MC SLLP -49-
Claims I. A method of preparing an antibody- or antibody
fragment-targeted cationic immunoliposome complex comprising: (a)

prepaying-an-aativody or antibody fragment; (b) mixing said aptedyofio41139
antibody fragment with a cationic lipegéme to form a cationic

immunoliposome, wherein said antibody or antibody fragment is no't
cheiniegiiy cenjugatpe tomaichtativn BriipoBABSH AVHEPNING Saiging console.
catighi @@ I me, with an.irpagin ta form said antibody- or
anticg%%/ fragHrggé%%g%éstél ?cation"i??:n%vrrel n%%ﬁc%ss mgel%%nrsﬁf) & ”vf}ﬁ%?ér? equence,

said¢atibRictihritindhpddomé listrkedifitysaisimilyingeddenriavafatid x 3.84

in thewange Qiﬁ@-b@ljt?lﬁlﬂ'iko amwtalbas%mgdﬁg%%bg @&ﬁﬂ%dg'%g%ﬁﬁﬂ]%\)as kept

A e T e

mixed thith Baid catioMedipospiresontalinegtiethba toftlainud 'bEMIp Gaial volume

antibedydraameniis a gingle.chas Eﬁmﬁ@gi@@ﬂbom) was systemically administered
using a 27G needle by intravenous injection into the tail vein of the animal and the
imaging sequence was imumediately initiated. The pixel intensity of the images was
measured. The same mouse was used for imaging with both the free and the complex.
The imaging was performed on sequential days.

{0126} As Shown in Figure 19A-19B, two small metastases (arrows) were detected in the
lungs after injection with the complexed Magnevist® (Mag). The images represent two
different slices through the lungs.

[0127] Employing the identical tumor model system (B16/F10 melanoma) and imaging
parameters as above, pixel intensity of a metastasis in another animal was measured using
dynamic profiling in Image J software after baseline, after Free Magnevist® and after
TiRscFv-Lip-Mag and the values compared. As shown in Table 4 below, the complex
showed the greatest enhancement over the baseline value. The Standard Deviation shows
that the difference between complex and baseline values is significant while that between

Free Magnevist® and baseline is not.

Table 4. Comparison of SignalIntensities in a B16/F10 Lung Metastasis

Treatment Maximum Pixel | Average Pixel Value | Standard Deviation
Value
Baseline® 12888 7765.1 1757.2
Free Magnevist® 17959 12979.3 2976.8
Complexed Magnevist® 22351 14341.3 , 2384.6
REFERENCES

1. Gillies, R.J., et al., Neoplasia (New York) 2:139-451 (2000)
2. Degani, H., et al., Thrombosis & Haemostasis 8§9:25-33 (2003)



5. The method of claim 4, wherein said antibody fragment is an
anti-transferrin receptor single chain Fv (TtiRsav). 6. The method of claim

1, wherein said antibody or antibody fragment is an anti-11ER-2 antibody

or antibody fragment. 7. The method of claim 1, wherein said antibody
fragment comprises a cysteine moiety at a carboxy terminus prior to being
MIiX&e withosaish cationic liposome. 8. The method of claim 1, furthe006/041139
comprising mixing said cationic irnmufioliposome with a peptide

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

9. Tkee Mmethad H&@J@i@eﬁp\ﬁh&f@bﬂ]@&idmaaamia@p%ome comprises a

mix eLof one of more cationi nghgne or more neutral or helper
|IpIC}HI MCSI -50- 10. 'Ighg%m %od of ?almgl wherein said antibody or

antitbBdys flatmdplerdaidédining S&id -3 hi6He liposome at a ratio in the

rang® of abpyinie.10-aaul AR dyeini)s 113 3Tenetbod of claim 1,
ein aid cati ncll 0 C.CO ureof

ittt g R e s )

dloIEWJM;gﬁaﬂd’ylétﬁfaﬁmdrﬁmd @i¥dlokcR883terol; or a mixture of
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15. A cationic immunoliposome complex prepared by the method of any

one of any one of ¢laims Ito 14. 16. 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

conjigaieshigegaid cationic liposome, wherein said imaging agent,and St 1

cationic immunoliposome are presentgt.a ratio in the range of about 1:14

to about 1:28 (mg imaging agent: ng liposome). 17. The cationic
33IMMURRHPRSOANR COrP| A X0k S1R10; 10, W BT 1D A3 Inasinkagsikis

encapsulated within said cationic liposome. 18. The cationic

immunoliposome complex of claim 16, wherein said imaging agent is
[01@8sociated\Withnizlivitimey, prtouttesthprelayephtsaick cationicligasamepdHication

The gatignic | [ of clai wherein.said antib .

Bl R G e S L

immRIHE 06881 HusIEse Srae SR e e tadyitipbensidg hvdnegporated

an antrdfansterrin receptor single chain Fit (TIRscFv), 21. The cationic

immunoliposome complex of claim 16, wherein said antibody or antibody

fragment is an anti-HER-2 antibody or antibody fragment. 22, The cationic

immunoliposome complex of claim 16, wherein said cationic liposome

comprises a mixture of one or more cationic lipids and one or more neutral

or helper lipids. 23. The cationic immunoliposome complex of claim 16,

wherein said antibody or antibody fragment and said cationic liposorne are

present at a ratio in the range of about 1:20 to about 1:40 (w:w). 24. The

cationic immunoliposome complex of claim 16, wherein said cationic

Liposome comprisesamixtureof dioleoyltrimethylammoniumphosphatewith



dioleoylphosphatidylethanolamine and/or cholesterol; or a mixture of

dimethyldioctadecylammonium bromide with MCSLLP

dioleoylphosphatidylethanolamine and/or cholesterol. 25, The cationic
imniunoliposome complex of claim 16, &vherein said imaging agent and
said cationic immunoliposome are present at a molar ratio of about 1:21
(mg imaging agent:ug liposome). 26. The cationic immunoliposome

C@é‘ﬂ?ﬁ)lex of claim 16 or 25, wherein said imaging agent is an magnetic
resonance imaging (MR1) agent, a computed tomography (CT) imaging

L agentnethadpositrenepmissiomtomobwephyoP Bl indgifg agemttRgetEte cationic
cq@g{&mmgggmg g&g}p{gﬁgqf claim 26, wherein said MR1 agent is
gadopentetate dimeglumine, iron oxide, or iopamidol, said CT imaging
agent is barium, iodine or saline, or said PET imaging agent is
1811- ?deof)s?g-aﬁll%r%]} 5‘5@% s%r E%fyz%}glﬂﬁeg %ationic
immunoliposome complex of claim 16, further comprising a. | .
K[K(I@?(KK]?—W?—% ﬁ%@%?@éf{%@?ﬁ%@@%fﬁéﬁ%é SigtatiBasg to form
said complex.cdM@EL Lrfh2Boliseohthe batoniaiimmiinelipesent®cintplgxent is
pf any one q{oqlag@%ig.glgocg% n at{ég Rrepara 5onig§ia cgrrlqg;o%lgqn for
imaging an organ or a tissue’ir a patient. 50 Use §Pihe &ationic
immu(gﬁliposome complex Of‘a% one of claims 16 to 28 in the preparation |
of a dStpostisH PR SGHNTS CARLEOIRS Tt & P £ dTaatng Fetildopform said
the cationic imrhodpliposaihedsdmpiecn ofagtcdne b dalms deotp@Binthe@nplex,
preparation of a composition for imaging a cancerous metastasis in a

patieintiB2aid Ratlsecohanyroneceb alainmRIdondh WherihSAidgent at a ratio in
[ via intravenous administration

composition is for inistratio S

in %ﬁ’?ﬂ% Srl}aar?’gam?'r?ig}['i%ﬁ%?\"fti%%gé@ﬁdgag%ﬁﬁ@%ﬁ@ﬁ{ﬁ?ﬁ%ﬁéuIar

administration, intraperitoneal administration, intratumoral administration,
Z.intrahasHosrhpdiratiorhaiftiaee raBBrAY Avlmnstraiib seist iisaitdineserse.

administration. 33. The antibody- or antibody fragment-targeted cationic
3.imMmeimatipos arhe leompleylsscording o tany drgrotaisnsik6dor2B feridismtionic

infQyipaging an organ or a tissue in a patient, 34. The antibody- or

antibody fragment-targeted cationic immunoliposome complex of claim 33

[ e pr ratign.of .a compositign for imaging in a. patient sufferi rom
4,Infe preparat | ;
cancé::er,ewi(%%roelrc?l he ca |8%r|cl?n§|%%u%n(§i|£poc§l o%ﬁ1 S8 18 Srgham 99 ragment.

aiministrati n to a patient to image the tumor tissue, the patient being
> tre AtaBIESY QdriHiB A ACEY B AT g o AP ARG TIn receptor
tisgugde chain Fv (TfRscFv).

6. The method of claim 1, wherein said antibody or antibody fragment is an anti-HER-2

antibody or antibody fragment.

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]s-K(H)KKC (HoKC) (SEQ ID NO: 1) peptide.

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

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



35 The cationic immunoliposome complex of claim 34, wherein said )

administration comprises intravenous administration, intramuscular MCSLLP

administration, intradermal administration, intraocular administration,

intraperitoneal administration, intrattnnoral administration, intranasal

administration, intracereberal administfation or subcutaneous

administration, 36. The cationic immunoliposome complex of claim 34 or
0B metharhataiianty whetcincald sgERedy aramsivrandrapaticagdmd with said

gene i Sipalbmolgautaiodin. thesalioniedmMmuoelResome ogmpiex of

claim 36, wherein said chemotherapeutic agent is selected from the group

1 1COMRIsHRehef daceiaigs! IMihRal ongandigem ek MEsHRs 3B n38ure of
The cationic immunoliposome complex of claim 34, wherein said

Rt EatEMS IR TENR Ry BB REY higu il dideridrbosph ik athaiep lapime and/or

cahierigetrinusoliposemeacomplex difnetaindidSxnuheieimaaithantisesnstle  with
og%qgéj?%%ts?dﬁa% jalg?‘s?]i NAis a opiﬁt?d tWitIi] said cationic

immuno Ppos%mé. 26, Hhe Cats At immund ||8%)sbme complex of any one

of claims 34 to 39, wherein said anti-cancer agent is delivered before or

12 aftdf Ao iR UNONPISEmE EorAitaie ATmHRglpetomie is mixed with said

immighglipgsome easnplex obElaiont402 wWheraihgnig aptitganiassagent is
for delivery to the patient at least 12 hours before or after the cationic

13IMMMIRAHRSS NG IERMPIEX. 142 WikR: FAHLRIGHIYTHANQHRASRMELAIMRIE* Qbnance
any one of claims 34 to 41, further comprising administering radiation

tHEVEEd YR b AsERE. A30URRSH tRMAsiaRY ithrhllBRSBSo ARE RorfipRsPafitron
aayiesienabalaimeb(FE 28 inassoeiation with an anti-cancer agent in the
preparation of a composition for imaging a tumor tissue in a patient

14sufferingifvarscanrgeriand ferdnesiigalimenkafithe Jpgsisaue dfidoehifine, iron
use, of claim 43, wherein %id Imaging and/or treatment comprises .
A oS RTlsAtlon | BRI FSQERAF ScATHHEHr Ot ABUR A" s2id PET
atmigiigtrationsntrapcataryathiinistidion dntr@pesitoneal administration,
intratumoral administration, intranasal administration, intracereberal
15adroinishiatiomOh SHRHAn ek RUMENSIEALIBNthe method of any one of any one of

claims 1 to 14.

16. 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, wherein said imaging agent and said cationic immunoliposome are
present at a ratio in the range of about 1:14 to about 1:28 (mg imaging agent: pg

liposome).

17. The cationic immunoliposome complex of claim 16, wherein said imaging agent is

encapsulated within said cationic liposome.

18. The cationic immunoliposome complex of claim 16, wherein said imaging agent is

associated with an inner or outer monolayer of said cationic liposome.

19. The cationic immunoliposome complex of claim 16, wherein said antibody fragment is

a single chain Fv fragment.



45. The use of' claim 43, wherein said anti-cancer agent is a
chemotherapeutic agent, gene or small molecule. 46. The use of claimégup
wherein said chemotherapeutic agent is selected from the group

consisting of docetaxel, mitoxantrone and gemcitabine. 47. The use of

claim 43, wherein said anti-cancer agéh‘t Is an antisense oligonucleotide

or an siRNA. 48. The use of claim 47, wherein said antisense

20 it R B R SRR RSO el WAth BhiIdadsid@ntibody fragment is

immanblipastre. r&emdr 40gThaaiisevofdRyconR of claims 43 to 48,
wherein said anti-cancer agent is for delivery to the patient helbre or after

2 thencatienia dMAURRiRRsemMe LAPRIEX T eRint N, USR-AfiaRYi@naRbelrlPSntibody

43 to 49, wherein said anti-cancer agent is fqr delive the patient at least
13 HE0rR R ASrAGr B r 1Rt R AR AR ipFEERe complex. 51, The

use of any one of claims 43 to 50, the use further comprising a radiation
23nEhsprreminaR LIRS Ime sateix of claim 16, wherein said cationic liposome

comprises a mixture of one or more cationic lipids and one or more neutral or helper

lipids.

23. The cationic immunoliposome complex of claim 16, wherein said antibody or antibody
fragment and said cationic liposome are present at a ratio in the range of about 1:20 to

about 1:40 (w:w).

24. The cationic immunoliposome complex of claim 16, wherein said cationic liposome
comprises a  mixture of  dioleoyltrimethylammonium  phosphate  with
dioleoylphosphatidylethanolamine  and/or  cholesterol; or a  mixture of
dimethyldioctadecylammonium bromide with dioleoylphosphatidylethanolamine and/or

cholesterol.

25. The cationic imniunoliposome complex of claim 16, wherein said imaging agent and
said cationic immunoliposome are present at a molar ratio of about 1:21 (mg imaging

agent:pg liposome).

26. The cationic immunoliposome complex of claim 16 or 25, wherein said imaging agent
is an magnetic resonance imaging (MRI) agent, a computed tomography (CT) imaging

agent, or a positron emission tomography (PET) imaging agent.

27. The cationic immunoliposome complex of claim 26, wherein said MRI agent is
gadopentetate dimeglumine, iron oxide, or iopamidol, said CT imaging agent is barium,

iodine or saline, or said PET imaging agent is '*F-2-deoxy-2-fluoro-D-glucose (FDG).

28. The cationic immunoliposome complex of claim 16, further comprising a
KIK(H)KKK]s-K(H)KKC (HoKC) (SEQ ID NO: 1) peptide associated with said

complex.



29.

30.

31.

32.

33.

34.

35.

36.

37.
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Use of the cationic immunoliposome complex of any one of claims 16 to 28 in the

preparation of a composition for imaging an organ or a tissue in a patient.

Use of the cationic immunoliposome complex of any one of claims 16 to 28 in the

preparation of a composition for imaging a cancerous tissue in a patient.

Use of the cationic immunoliposome complex of any one of claims 16 to 28 in the

preparation of a composition for imaging a cancerous metastasis in a patient.

The use of any one of claims 29 to 31, wherein said composition is for administration
via infravenous administration, intramuscular administration, intradermal administration,
intraocular administration, intraperitoneal administration, intratumoral administration,

intranasal administration, intracereberal administration or subcutaneous administration.

The antibody- or antibody fragment-targeted cationic immunoliposome complex
according to any one of claims 16 to 28 for use in for imaging an organ or a tissue in a

patient.

The antibody- or antibody fragment-targeted cationic immunoliposome complex of
claim 33 in the preparation of a composition for imaging in a patient suffering from
cancer, wherein the cationic immunoliposome complex is for administration to a patient
to image the tumor tissue, the patient being treatable by administration of an anti-cancer

agent to treat the tumor tissue.

The cationic immunoliposome complex of claim 34, wherein said administration
comprises intravenous administration, intramuscular administration, intradermal
administration, intraocular administration, intraperitoneal administration, intratumoral
administration, intranasal administration, intracereberal administration or subcutaneous

administration.

The cationic immunoliposome complex of claim 34 or claim 35, wherein said anti-

cancer agent is a chemotherapeutic agent, gene or small molecule.

The cationic immunoliposome complex of claim 36, wherein said chemotherapeutic

agent is selected from the group consisting of docetaxel, mitoxantrone and gemcitabine.



38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

43.
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The cationic immunoliposome complex of claim 34, wherein said anti-cancer agent is

an antisense oligonucleotide or an siRNA,

The cationic immunoliposome complex of claim 38, wherein said antisense

oligonucleotide or said siRNA is associated with said cationic immunoliposome.

The cationic immunoliposome complex of any one of claims 34 to 39, wherein said

anti-cancer agent is delivered before or after the cationic immunoliposome complex.

The cationic immunoliposome complex of claim 40, wherein said anti-cancer agent is
for delivery to the patient at least 12 hours before or after the cationic immunoliposome

complex.

The cationic immunoliposome complex of any one of claims 34 to 41, further

comprising administering radiation therapy to the patient.

Use of the cationic immunoliposome complex of any one of claims 16 to 28 in
association with an anti-cancer agent in the preparation of a composition for imaging a

tumor tissue in a patient suffering from cancer and for the treatment of the tumor tissue.

The use of claim 43, wherein said imaging and/or treatment comprises intravenous
administration, intramuscular administration, intradermal administration, intraocular
administration, intraperitoneal administration, intratumoral administration, intranasal

administration, intracereberal administration or subcutaneous administration.

The use of claim 43, wherein said anti-cancer agent is a chemotherapeutic agent, gene

or small molecule.

The use of claim 43, wherein said chemotherapeutic agent is selected from the group

consisting of docetaxel, mitoxantrone and gemcitabine.

The use of claim 43, wherein said anti-cancer agent is an antisense oligonucleotide or an

siRNA.

The use of claim 47, wherein said antisense oligonulceotide or said siRNA is associated

with said cationic immunoliposome.
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49. The use of any one of claims 43 to 48, wherein said anti-cancer agent is for delivery to

the patient before or after the cationic immunoliposome complex.

50. The use of any one of claims 43 to 49, wherein said anti-cancer agent is for delivery to

the patient at least 12 hours before or after the cationic immunoliposome complex.

51. The use of any one of claims 43 to 50, the use further comprising a radiation therapy

administerable to the patient.



