- 1 - NANOPARTI CLE- BASED TUMOR- TARGETED DRUG DELI VERY CROSS REFERENCE TO
RELATED APPLI CATI ONS This application clainms the benefit of U S
Provi si onaib 2Petesmt75 Appl i cati on Serial 5No. 61/402, 686, fPrirat2an/o08ept enber
2, 2010, which is incorporated herein by reference in its entirety.
GOVERNMENT SUPPORT This invention was nmade with governnental support from
the United States Governnent, National Institutes of Health, grant no. 5
ROL CA134364-01A, and 10National Heart, Lung, and Blood Institute training
grant no. T32HL007195. BACKGROUND Li gand-targeti ng has been a ngjor
advancenent in nanoparticle (NP) nedi ated drug delivery, achieving high
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Ligand-targeting has been a major advancement in nanoparticle (NP) mediated
drug delivery, achieving high local concentration and low systemic exposure, reducing
drug toxicity while maintaining optimal dose delivery to target cells. Proof of concept
15 was established for this strategy with antibodies and homing peptides, which bind
adhesion receptors that are over expressed by tumor vasculature, including integrins,
and HER-2, and folate cell surface receptors on tumor cells. Concerns associated with
ligand-targeting include receptor saturation, low receptor-ligand affinity, limited tissue
penetration and genetic heterogeneity of solid tumors. Legumain is an asparaginyl
20 endopeptidase that is overexpressed by a variety of tumor cells. Consequently,
legumain provides a convenient target for directing therapeutic agents to tumor cells.
The compositions and methods of the present invention address the concerns associated
with ligand-targeting, while providing effective means for tumor-specific drug delivery.
SUMMARY OF THE INVENTION
25 The present invention provides an aqueous tumor-targeting liposome
nanoparticle composition comprising an aqueous dispersion of liposome nanoparticles
optionally encapsulating an anti-cancer chemotherapeutic agent. An aqueous tumor-

targeting liposome nanoparticle composition of the invention comprises a legumain-

targeting lipid admixed with one or more other micelle or vesicle-forming lipid



- 2 - materials in the formof a nanoparticulate |iposone di spersion,
optionally encapsul ating an anti-cancer chenot herapeutic agent wthin the
| i posone warop3ti’sl es. The | egumai n-targeting |ipid comporsSat11o60Z8T i Ses a
hydr ophobic |ipid portion covalently attached to a | egunai n-bi ndi ng noi ety.
The anti-cancer chenot herapeutic agent can be 5encapsulated wthin the

| i posone nanoparticles during the preparation of the nanoparticles, or the
nanoparticles can be prefornmed and subsequently | oaded with the

chenot herapeutic agent. A preferred aqueous tunor-targeting |iposone
nanoparticle conposition conprises (a) a legumain-targeting lipid
conponent, (b) a zwitterionic lipid conparment; (c) an am no-substituted
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comprises a hydrophobic lipid portion covalently attached to a legumain-binding
15 moiety. The legumain-binding moiety can be any material that selectively forms a
stable complex or covalent bond with legumain.

A preferred legumain-targeting moiety is an aza-Asn Michael acceptor-type
inhibitor of legumain. A preferred legumain-targeting lipid component comprises an
aza-Asn Michael acceptor legumain inhibitor bound to a phospholipid. For example,

20 the inhibitor known as RR-11a can be bound to a suitable lipid as shown in Fig. 1, Panel
(a).

In some preferred embodiments, the legumain-targeting lipid component
comprises legumain-binding moiety covalently attached to a 1,2-diacylglycero-
phosphoalkanolamine group, such as 1,2-dioleoyl-sn-gycerol-3-phosphoethanolamine

25 (DOPE).

A preferred zwitterionic lipid component (b) comprises a 1,2-diacylglycero-
phosphocholine compound, such as 1,2-di-(9Z-octadecenoyl)-sn-glycero-3-
phosphocholine (DOPC).



A preferred neutral |ipid conponent (d) conprises cholesterol. A preferred
pol yet hyl ene gl ycol -conjugated |ipid conponent (e) conprises a
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aver age nol ecul ar wei ght of about 2000 atomic mass units (amu). In
one preferred enbodi ment, the conponents (a), (b), (c), (d) and (e) are
10present in the |iposone nanoparticles in a nolar ratio of
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15 chemotherapeutic agent
The compositions of the present invention are particularly suited for use in
treatment of a legumain-expressing tumor. A method aspect of the present invention
comprises administering to a patient in need of cancer treatment an effective amount of
an anti-cancer chemotherapeutic agent encapsulated within the liposome nanoparticles
20 of a composition of the present invention.
BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 illustrates the preparation and characterization of legumain-targeted
nanoparticles (NPs). Panel (a) illustrates conjugation of RR-11a to 1,2-dioleoyl-sn-
glycero-3-phosphoethanolamine (DOPE). Panel (b) provides fluorescence microscopy
25 images demonstrating tumor hypoxia (Scale bars, 100 pm). Panel (¢) provides a graph
of specific binding versus antibody concentration demonstrating the affinity of anti-
mouse monoclonal antibody (mAb) for cell membrane-expressed legumain, as
determined by Scatchard analysis. Panel (d) provides a graph of rhodamine-positive

cells versus time for murine 4T1 and 4TQO7 breast and CT26 colon carcinoma cells



5 cells frommce treated with targeted (top row) and non-targeted (bottom
row) NPs of the present invention, as indicated by rhodam ne B fl uorescence
(n = 2 mMwo 2pvo3gr’dup; scal e bars, 100 m. FI G 2Ppderasesitnxi2es t hat

| egumai n-targeti ng enhances uptake of PEG |i posoneencapsul at ed doxor ubi cin
and i nproves NP-nedi ated drug delivery to primary breast 10tunors. Panel
(a) provides a graph of nmean fluorescence intensity (M) versus tine for
4T1 and 4T07 cells cultured with CoCl2 for about 24 h and then incubated
with a targeted nanoparticle conposition | oaded with doxorubicin

(desi gnated RDZ-218 herein), doxorubicin-Iloaded non-targeted NPs (NP-Dox),
or free doxorubicin (Free Dox) for the indicated tines, followed by flow
cytonetry analysis to determ ne nean 15 fluorescence intensity (MIl) of
doxor ubi ci n = : i Nt J&Pﬂi nt
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mce in whi ch 4TOFIgel demogstiatas ipad decamaitaseqting cphapsehantakaeinili - lipatonsad;
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from each gr aup Frianed-tréfpd peiBwibemhatof@rialty died doxorubicin. Panel (¢) provides

a bar graph comparing the relative percentage of dead 4T1 and 4TO7 cells treated with

20 control (no-treatment), Free Dox, NP-Dox, free RR-11a, NP-RR11a (no doxorubicin),
and RDZ-218, approximately 24 h following treatment, as determined by analyzing the
forward and side scatter plot of flow cytometry (data is shown relative to untreated cells
(Control); n = 3 wells per group; data represent means + s.e.m. *p<0.05, **p<0.005).
Panel (d) provides fluorescence microscopy images of tumor (top row), liver (middle

25 row), and heart (bottom row) cells from female BALB/c mice in which 4TO7 cells were
injected into the inguinal mammary fat pad; tumors were allowed to establish for about
5 days (d), to a size of approximately 500 mm’, after which mice were given two i.v.
injections with RDZ-218, NP-Dox, or Free Dox; mice were sacrificed about 24 h after

the last injection and tissues were isolated and immediately analyzed by fluorescence



conparing wet tunor weight of primary tunors from m ce of each treatnent
group (data represent nmeans s.e.m *p<0.05). Panel (d) provides a bar
graph comparnreg3TIBIEL- positive (apoptotic) tunor cells PcomsaiedsaB7 each
treatment group (n =5 fields per section; data represent nmeans s.e.m
***pn<0. 0005). Panel (e) provides a bar 15graph conparing the change in body
wei ght for mce fromeach treatnment group (the primary tunor wei ght was
subtracted fromthe total body weight at tinme of sacrifice and conpared to
body wei ght prior to tunor cell challenge to determ ne change in body

wei ght; data represent nmeans s.e.m control groups were conpared to the
RDZ- 218 treated group, **p = 0.0029, ***ps<0.001). 20FIG 4 schematically
illustrates Mchael addition of a | egunmain cysteine residue with an aza-Asn
M chael accepfpstdhyRangl: &@gmbﬁ@a%m&oafblan 'tﬁmb%meré 6Rb it an
aza- Asn- epoxide in I fb reaction of’ egunal n S residue wth a
azaAsn- hal ondARl tketismakbzd cn:llﬁambll (e R.mic¢ Ger SouRhysle b@ttshbﬁﬁ mm)
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concentrations. (B) 4TO7 nurine breast cancer cells were treated with IL-6
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Leg-NP (Lane 2) or. Leg- NP- CDDO L ne 3). 10FIG 7. h%aégeuti c treatnment
with Leg- NP- GBB@?%WB‘E fugog MG Pﬂ%ﬁ*@ﬁu@a%fr%m HP%‘) {iRMCnS g8 At i ¢ of
m ce chall en 470/t o el -CDDO or
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meanss. ;M “gRadh @enparing the change in body weight for mice from each treatment group (the

primary tumor weight was subtracted from the total body weight at time of sacrifice and
compared to body weight prior to tumor cell challenge to determine change in body
weight; data represent means + s.e.m; control groups were compared to the RDZ-218
treated group, **p = 0.0029, ***p < 0.001).

20 FIG. 4 schematically illustrates Michael addition of a legumain cysteine residue
with an aza-Asn Michael acceptor in Panel (a); reaction of a legumain Cys residue with
an aza-Asn-epoxide in Panel (b), and reaction of a legumain Cys residue with a aza-
Asn-halomethylketone in Panel (c).

FIG. 5. Physicochemical characterization of RR-11a-coupled NPs. Legumain-

25 targeted NPs loaded with CDDO-Im (A), without CDDO-Im (B), or non-targeted NPs
loaded with CDDO-Im (C) or without CDDO-Im (D), were analyzed by dynamic light
scattering and TEM (inset) to determine particle size distribution (diameter, nm) and

zeta potential (mV). Scale bar=100nm.



FIG 8. Therapeutic treatnment of MMIV-Neu primary tunors with Leg- NPCDDO
del ays tunor growh. (A) Treatnent schematic of mce challenged with 1x104
MMTV- Neu woi2nevopit7anor cells and treated wi th Leg- NP- COPOTrars2«ians028f s ( PBS
or Leg-NP) (n=8 mce /group). (B) Tunors were pal pated every 3 days and
tunor size 20cal cul ated. Data represent neanss.e.m (C) Tunmor weights were
nmeasured on day 46 and used to cal cul ate percent tunor burden. Data
represent meanss.e.m *p<0.05. FIG 9. Leg-NP-CDDO nodul ates tunor
cytoki ne and growt h factor expression profiles in vivo. Wole tissue
extracts were prepared from MMIV-Neu primary tunors isolated frommce
treated as described in FIG 8A Wstern_ ot analysis (left panels) 25was
performed and quantified relative to Actin (right graphs) to deternine
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surveill ance E%Qi revents breast cancer recurrence. (A) Schematic of
treatnent sche “for tunmor recurrence study. Mce were chal |l enged
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FIG. 8. Therapeutic treatment of MMTV-Neu primary tumors with Leg-NP-
CDDO delays tumor growth. (A) Treatment schematic of mice challenged with 1x10*
MMTV-Neu primary tumor cells and treated with Leg-NP-CDDO or controls (PBS or
Leg-NP) (n=8 mice /group). (B) Tumors were palpated every 3 days and tumor size

20 calculated. Data represent meansts.e.m. (C) Tumor weights were measured on day 46
and used to calculate percent tumor burden. Data represent meansts.e.m, *p<0.05.

FIG. 9. Leg-NP-CDDO modulates tumor cytokine and growth factor expression
profiles in vivo. Whole tissue extracts were prepared from MMTV-Neu primary tumors
isolated from mice treated as described in FIG. 8 A. Western blot analysis (left panels)

25 was performed and quantified relative to Actin (right graphs) to determine protein
expression of Thl (A) and Th2 (B) associated growth factors and cytokines.
Additionally, expression of anti-apoptotic proteins was also determined (C). Data

represent meansts.e.m. from 3 independent experiments. *p<0.05 and **p<0.005.



20initial tunor cell challenge. Splenocytes from pNeuTm vacci nated m ce
treated with either PBS, Leg-NP or Leg-NP-CDDO were cultured with

i rradi at oONMRYOSNES primary tunor cells and anal yzed byPCrasaytosiestry.
Data represent neanss.e.m *p<0.05. (C) Splenocytes from Leg- NP- CODQ pNeuTM
treated mce were cultured with irradi ated HEVc or MMVIV-Neu primary tunor
cells and anal yzed by flow 25cytonetry. HER-2 protein expression was
confirmed by Western blotting. Data represent nmeans.e.m ***p<0.0005.

DETAI LED DESCRI PTI ON OF PREFERRED EMBODI MENTS The present invention
relates to a novel NP targeting strategy utilizing a targeting noiety that
bi nds to | egumai n, an asparagi nyl endopepti dase. The present - 8 -

i nvention provides an aqueous tunor-targeting |iposone nanoparticle

COMpOSi ti on conpr ig§iN gy afh LA reShRREHh 2o Mp- LIRS MRNARARALIGH 65 The
nanoparticles preferably encapsul ate an anti-cancer chenotherapeutic agent,
whi ch can be imdded ctlfs iatqpreninyrtumdrs) Mposwere teotrg @s depiord ar Figare $%& (A-C)

i ncorporated jn the.liposones. dyring.the.5formatian of the |iposones. The
[ posone. nandbaet ehesBa Qaleae o maimeD et g cPb PP SRTRG o ¢ one

or nore ot hernfiye&l byefk cyRsblyao Ukl RevittPTHIMELRIL 8A § nddrdphgedsqBivef a
nanoparticul ate’ | i posone di spersion, preferably incorporating a

pol yet hyl%ene dgnhdriti] cetle i b dpataengpiasgritdncansipreemel)d | Imasoapbagesmvagio pdentified o

conposition rpses a.l equmain-targeting.lipi onponent

oot rer i ont o g WEET s Sieat oy TRRGASRRA Y B Bt SRERERE N e A oS nen
(d) a neutr alstdinipg)hn@dPSD Eth: staihgd) €0 clBnidéiWeird yiaide wathyB APt Gar sigiatngyl

| i pid component, e.g., a PEG i posone conposition. The | egunai ntargeting

l'i pi d conponeXtledshprl08ed. a hydr ophobic |ipid portion coval ently attached

to a | egumai n- bi ndiAag I eI Vo ' LOdi-ng- ol y

mat eri al that sel gjégi \I/EII)]‘Y/% %II? rrc-é-ﬁgds%%@u?gg%%%%ldé&h%é%ﬁgﬁng%o% wth

| egurmai nl0 e. gumot inrewer sirtdiléanice hndpicocts bifcastegnormiraturraddec (A Y Yghicanatit yf
conprise a peptide scaffold with affinit or .| egumai n_such as Al a- Al aAsn
(or Al a- Al a- Xcalpprat echrdyls for thpier FeRuEe R elYe MiSE Vs i e oftBaiphie)y
attached to %vi{I?WTVQ\IJdﬂ}ﬁhé&mﬂlg&?MQDafOQolacka@af%h&ﬁéH, ,RE'QEJ‘With‘Ee@DeS’

aza- Asn epoxi des, and aza- Asn el acceptors conprising an
a, | 3- unsat ur AREDERAD bopydtroldiPst(gragsolad MrohaeindGacioeiod ovith Bl nagiap Yasator
main . active site.to form

2 Coval ent - SGFFY A ISOAGOBSE REGHY HETHaEs 1oe R Ty thar s G TE ¢ e Yhoun
in FIG &  ~500mm’ (black solid arrow). Four weeks later, mice were re-challenged in the
contralateral mammary fat pad with MMTV-Neu primary tumor cells (Day 53, black
dashed arrow). Tumor dimensions were measured and used to calculate tumor size (n=5
mice/group). Data represent means£s.c.m. (B) Mice were sacrificed when secondary
tumors reached a volume of 500mm’. Tumor free mice were sacrificed 128 days after
20 initial tumor cell challenge. Splenocytes from pNeuTm vaccinated mice treated with
either PBS, Leg-NP or Leg-NP-CDDO were cultured with irradiated MMTV-Neu
primary tumor cells and analyzed by flow cytometry. Data represent means+s.c.m.
*p<0.05. (C) Splenocytes from Leg-NP-CDDO/pNeuTM treated mice were cultured
with irradiated HEVc or MMTV-Neu primary tumor cells and analyzed by flow
25 cytometry. HER-2 protein expression was confirmed by Western blotting. Data
represent meants.e.m. ***p<0.0005.
DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
The present invention relates to a novel NP targeting strategy utilizing a

targeting moiety that binds to legumain, an asparaginyl endopeptidase. The present



A preferred targeting noiety is represented by Formula (1): 0 0 ONH2
which is a synthetic aza-peptide M chael acceptor-type |egumain inhibitor
conpri si nyotez/i e8I ne resi dues attached to a nodified araAAM1/08028TYy t hat
i ncludes an electron - 9 - deficient double bond that acts as a M chael
acceptor for a cysteine residue at the | egumain active site. Formula (1)
represents the reactive portion of the aza-Asn M chael acceptor |egunmain
i nhi bi tor known as RR-11 a: i n which the succinim dyl oxy group of
RR-11a has been displ aced by a phospholipid. 10For conveni ence, the
structure of Forrmula (I) will be referred to herein as RR-11 a in reference
to legumain-targeting lipid materi al s. -8-
invention provides an aqueous tumor-targeting liposome nanoparticle composition
comprising an aqueous dispersion of liposome nanoparticles. The nanoparticles
preferably encapsulate an anti-cancer chemotherapeutic agent, which can be added to a
pre-formed liposome composition or can be incorporated in the liposomes during the
5 formation of the liposomes. The liposome nanoparticles comprise a legumain-targeting
lipid admixed with one or more other micelle or vesicle-forming lipid materials in the
form of a nanoparticulate liposome dispersion, preferably incorporating a polyethylene
glycol-conjugated lipid. A preferred liposome nanoparticle composition comprises (a) a
legumain-targeting lipid component, (b) a zwitterionic lipid component; (c¢) an amino-

10 substituted lipid component; (d) a neutral lipid component; and (¢) a polyethylene
glycol-conjugated lipid component, ¢.g., a PEG-liposome composition. The legumain-
targeting lipid component comprises a hydrophobic lipid portion covalently attached to
a legumain-binding moiety.

The legumain-binding moiety can be any material that selectively forms a stable

15 complex or covalent bond with legumain, e.g., irreversible inhibitors of legumain,
which typically comprise a peptide scaffold with affinity for legumain such as Ala-Ala-
Asn (or Ala-Ala-X, where X is a modified Asn such as an aza-Asn residue) attached to
a reactive functional group, e.g., aza-Asn-halomethylketones, aza-Asn epoxides, and
aza-Asn Michael acceptors comprising an a,B-unsaturated carbonyl moiety as a Michael

20 acceptor. Such aza-Asn moieties react with a cysteine residue at the legumain active
site to form a covalent sulfide bond between the inhibitor and legumain, ¢.g., as shown

in FIG. 4.

A preferred targeting moiety is represented by Formula (I):

H
25 (D W N\é/[‘kNH

which is a synthetic aza-peptide Michael acceptor-type legumain inhibitor comprising

two alanine residues attached to a modified aza-Asn moiety that includes an electron



A preferred | egumain-targeting lipid conprises a conpound of Forrmula (I1):
OLNNHHO O ,---,............. , \,. | HOO\ R 0 20 Cel | -surface
expressi omoah1sgusai n i s driven by hypoxic stress, a haCrrnse«o5028Dl i d
tunmors, and pol yet hyl ene gl ycol (PEG -coated |iposones, coupled to a

| equmai n-

-9.-

deficient double bond that acts as a Michael acceptor for a cysteine residue at the
legumain active site. Formula (I) represents the reactive portion of the aza-Asn Michael

acceptor legumain inhibitor known as RR-11a:

RR-11a @_/OKO N p

in which the succinimidyloxy group of RR-11a has been displaced by a phospholipid.

O

Z—Z

10 For convenience, the structure of Formula (1) will be referred to herein as RR-11a in
reference to legumain-targeting lipid materials.

A preferred legumain-targeting lipid comprises a compound of Formula (II):

15 (I1) »\/kn/ NH \H /o
< > /O‘QO 'L\”/\)‘\ /’/
. \;{”/\/\/\/\__f\/\/\/

o]

%....

20
Cell-surface expression of legumain is driven by hypoxic stress, a hallmark of
solid tumors, and polyethylene glycol (PEG)-coated liposomes, coupled to a legumain-
targeting moiety such as RR-11a, show high ligand-receptor affinity, uptake and
superior tumor penetration. An anti-cancer chemotherapeutic agent, such as
25 doxorubicin, delivered by an RR-11a-conjugated PEG-liposome composition of the
invention resulted in dramatically enhanced tumor selectivity, reduced drug sensitivity,
and eliminated systemic drug toxicity.
The nanoparticle (NP) carrier portion of the targeted liposome compositions of

the present invention preferably comprises a membrane lipid such as a vesicle or other



targeting noiety such as RR-11la, show high Iigand-receptor affinity, uptake
and superior tunor penetration. An anti-cancer chenotherapeutic agent, such
as 25doxowolzocyazizdel i vered by an RR-1la-conjugat ed PEGPCIrss@n®s0287
conposition of the invention resulted in dramatically enhanced tunor
selectivity, reduced drug sensitivity, and elimnated system c drug

toxicity. The nanoparticle (NP) carrier portion of the targeted
| i posonme conpositions of the present invention preferably conprises a
menbrane |ipid such as a vesicle or other - 10 - menbranous structure,

e.g., a liposone or a mcelle capable of encapsul ating an anticancer
chenot her apeuti ¢ agent such as doxorubicimg-Preferred NPs conprise a
material having a hydrophobic |ipid portion and a hydrophilic portion

arranged suchydfygh,ddsRATAIRS e%r arﬂp%%h@&r él‘hﬁéell% %5 Y@(?Fkn%ﬁ}fsuféﬁhg bh Ghtil S

di spersed in an aqueous syste 1, Panel | ustrat es”one
preferred nembn@n ehquzthdamilttleragant such as doxorubicin. Preferred NPs comprise a material

(1, 2-di ol eoyl - snqgl phosphoet hanpl am ne,. .DOP The term pi d"

ot ors 10 amT eSS HEMOERTU e SHE P AORH G BY OB AR MG 84,1 ayer or
a mcelle sughobdiads d’i‘n‘ﬂ)ééi[&%ﬁ%r@n RAEA iR MAtridl RedikpRbd iTah @fh@us Sy dt@At s
toward the bilayer while hydrophilic portion orients toward the aqueous

phase. HyXr o;ﬂiGl i,cPa@hla(rahdkuetrraltss fimspra@rﬂed encibyanct lipad praé@@h tle2-ddgoydsn-
phosphat e, haspho rboxy S a "
Curthyar yi 4N SRRSOk e Fp BT BBEEy, Eodting e Bl o AEKEY it on v

wel | known i nictibgivarthat 1%@@@11@@%@1@% eaaiyeber g afiéelersach Byt & hgdropiedbisi on of
groups that include, but are not limted to, |ong chain saturated and

unsat ur at ed @ortsmeafitee hgidmesderiah orcets swpgd dre mk@yelbwlzrbe thrdsephilie spioand such
groups substigfifed Q%&d‘ﬁgeeeof%;” eﬁ(}w%Fé“M drog e’ @rﬁé’thrrstfc?ﬁXﬁJ/ bikdhe prRBGCOT

het erocyclic grou I'pl re p osphogl yceri es and

sphi ngol 1(pi dof algapsphaeni phosphomta rmpladnxgfatg hasifdtogl sutfeonatdessul fhgtitytien
phosphat i dyl chql i ne,. phosphati dyl et hanol am ne, .phosphat.i dyl serj ne

phosphatldyl@ﬁB@?@dF“OﬁHB@ﬁﬁ%@HHF@“% #ﬂgﬂﬁﬁﬁﬁﬂpéywa| nown in the art.
hosphat i dyl I am ne,
phosp y f}%ﬁa 615]1%b1c|1 39@99%&%%@1}@ fh*a% mﬁ%ns byt ?I%Otﬁmﬂfm@é/ et hangl

20di pal m t oyl phosphat i dyl chol I ne, diol eoy | chol i ne,
dlstearoylphds@hdnodyhghbhmmﬂwa&ﬂdmdmhmﬂmh@dwhphﬂsﬁh@komnhanmqumeﬁupto

Co ds th t h th hi ngol i pi d
and ol yoosphiRgeriogitPratiY uEs Erapas bl B Finh PRy ha ed-as |
lipid. AdditicQaghikyl, aﬁdner RABBERAMC R up( C}p'Pg@feﬁl@@HlSrUpﬁr‘é rRBSRgRYiRE afil xed

with other lipids including triglycerides and 25sterols. The | egunmai n
i nhi bi t or/ t usphingelimyeés. i Rgprag@mtweaﬁalbeleapf mgbpglrperlﬁ@ inclhydeone

nanoparti cl es a ui.t abl.e far ex al the termni of a
l'i near chai n? hoﬂﬂ?Péﬂsmﬂn¥e¢“m ’@Ek SLPPIA ﬁ %&dysennFong as the

attachnment d qmssph@tldylﬁroemcfleplﬁ)spmdtmdoadiul Iplagmrtfyldlb@ltpw@hatldmaﬁﬂineg agent to
turror - expr essi?s%p{loes%lljlarlr“[?(liyrllcho-llrrqee 1§1§T'or1§101£spth§tr1 eiétlhgnolarmne
20 dipalmitoylphosphatidylcholine, dioleoylphosphatidylcholine,
distearoylphosphatidylcholine, and dilinoleoylphosphatidylcholine. Compounds that
lack phosphorous-containing groups, such as the sphingolipid and glycosphingolipid
families, are also within the group designated as lipid. Additionally, the amphipathic
lipids described above may be mixed with other lipids including triglycerides and
25 sterols.
The legumain inhibitor/tumor-targeting agent can be attached to the liposome
nanoparticles at any suitable position, for example, at the termini of a linear chain or at

any intermediate position thereof, as long as the attachment does not interfere with

binding of the tumor-targeting agent to tumor expressed legumain. The tumor-targeting



agent can also include, or be provided with, an optional divalent bridging
group to facilitate attachnent to the nanoparticles, if desired. The
conposi t iwaxfo31t1é present invention can beneficially ectassuhasesany
anti- cancer chenotherapeutic agent (e.g., an anti-tunor agent) for
targeted delivery to 5l egumai n-expressing tunors. Such chenot herapeutic
agents are described, for exanple, in Imai and Takaoka, Nat. Rev. Cancer 6,
714-726 (2006), which is incorporated herein by reference in its entirety.
Non-limting exanpl es of such chenot herapeutic agents include: alkylating
agents (e.g., cisplatin; carboplatin; oxaliplatin; nmechloretham ne;

cycl ophospham de; chl oranbucil; ifosfam de¢); purine and pyrim di ne anal ogs
and 10derivatives (e.g., 5-fluorouricil; roxuridine cyt osi ne ar abi nosi de;
Mer capt opuri Rgendchh QR AR, %@IISIBW&B& ; arl OEALLRL Dt BRI in%sér@ﬁ%;

cl adri bi ne) ggbglsonerase |% tors a ]gtop05|de %p S del5

phosphat e; témnpmsuwednaﬂﬁamﬂwneyomnadameﬁwﬁme@ paclltaxel) antifol ates

. g., t hot ot th d i
b tors (e g IHecaRPAS et dhy aBkent SN BE: G P RmUbCE P TS G me.
15ant i angi 0geRhcr thstRsRBRAANC atgerﬁw@gsxsﬁ Iaﬁm@ﬁoﬁarg@mmﬁrge&wlaha&ﬂ@ TrpRS) ;

anti -tunor nonocl onal anti bodi és .g., bevaci zumab; tivozani b; vandet ani b;
vat al ani B allmmn&messv@tumomtﬁucg@h@mqnhmbeuﬂctﬁgcma mcn@nfqrte&mnlab
rituximb; t Osir%elillrg% akaoka zu %'é a%ﬂggra 6 %lqtﬁ%r(%&ﬁ{)i WHICE [?s 1%%51‘p§r dnhoe n

chenntherapeu?lc ag Such oXi'c ‘anti

bl eonyci n; D|Uy(iréﬂéyéi1|célm i SIS N)on |2Ring Bkz&ﬁ%l@é bf@cﬁ@hérbd)tﬁéﬂaﬁ@t(c&tg@nts
doxorub|C|n epi rubi ci n; daunorubi ci n; val rubicin; idarubicin);
triterpenoi d istludes alkylitipe papnds (ces- gClSPIQHDs Gﬁﬁbépléﬁnacpxahplatm mechlorethamine;
2-cyano- 3, 12- AR e

2-cyano- 3, 12- g&B kganaéfggggﬁgﬁggéﬂgﬁgﬁgﬁfgé“%ﬁgﬁrgﬂnEmPSandOgsand
cyano- 3-1012- dknxﬁnhe&ng,ifﬂbﬁﬂ&wdgﬁmHQRMﬁybﬁbmndambmemﬁahﬁacﬁﬁomnnas
CDDO-Im); and the like, as wel] as physiologically acceptable salts and
pr odr ugs therﬂé‘BguaZ‘SI}%a%Wﬁprbﬁ‘eeﬂé‘Fi?réﬁmér&%‘Eﬁ tga ditlpjge C)eFPQHﬁPﬂ‘é’Faé%eutl c
agent is and idibisid WIBT BRGIe; LRAbsiHS pRIspREILEShoQlic: ARTALRY) Shx i

receptor or é reé%pt f ganézln ! Hﬁ&? tunorbaroaﬂ > The doéag%é?eglnens
for the targememaXdp@BU&%ﬁ@h@@pUﬂﬁh&gﬁ@&;unaquﬂnnqn@kmxmsnmﬁJﬁmnp@subjons

contai ning the sane, on. . sever al ctors ch as the - 12 -
9 angiogenc’sis 1nh1b11%0rs ?e g., vitaxin,; anecorve%e anglosfséﬁn; enac‘iostatln; squaillarmne;

cin;

15 antiangiogenic tryptophanyl-t-RNA sythetase fragments, such as T2-TrpRS); anti-tumor
monoclonal antibodies (e.g., bevacizumab; tivozanib; vandetanib; vatalanib;
alemtuzumab; cetuximab; gemtuzumab; ibritumomab; pantitumumab; rituximab;
tositumomab; trastuzumab); and other anti-neoplastic or chemotherapeutic agents, such
as cytotoxic antibiotics (e.g., actinomycin; bleomycin; plicamycin; mitomycin);

20 anthracycline antibiotics (e.g., doxorubicin; epirubicin; daunorubicin; valrubicin;
idarubicin); triterpenoid Stat3 inhibitors (e.g., ursolic acid; a 2-cyano-3,12-dioxooleana-
1,9-dien-28-oic ester; a 2-cyano-3,12-dioxooleana-1,9-dien-28-oic amide such as 1-[2-
cyano-3-,12-dioxooleana-1,9(11)-dien-28-oyl]imidazole (also known as CDDO-Im));
and the like, as well as physiologically acceptable salts and prodrugs thereof.

25 In some preferred embodiments, the chemotherapeutic agent is and anti-tumor
agent that is an agonist or antagonist of a receptor or a receptor ligand involved in tumor
growth.

The dosage regimens for the targeted-liposome/chemotherapeutic agent

complexes or compositions containing the same, are based on several factors such as the



age, weight, sex, and type of nedical condition of the patient, the
severity of the condition, the route of adm nistration, and the binding
activity wb 20te3pErsti cul ar targeting nol ecul e enpl oyed. PCiaISAd@s A§EST egi nen
may very dependi ng upon the aforenentioned factors. Dosage |evels on the
order of about 0.01 mlligramto about 1000 m | !ligranms 5per kil ogram of
body wei ght are useful in treating the aforenentioned nedi cal conditions.
Preferred dosage levels are in the range of about 0.01 milligramto about
100 milligranms per kilogram of body weight. For adm nistration by
injection, a targeted-I|iposone/chenotherapeutic agent conpl ex or
conposition containing the same enbodyi ngithe present invention is
10forrmul ated with a phar maceutical ly acceptable carrier such as water,
saline, or a 4e n dally
dose is abou{al gg’q)(‘j)'éli m |é¢%ﬁ?§g)§%|egltﬁ%1%nd£% 0¥meﬁﬁ%§&p%1re %ﬁ\w{g%?gﬂrlﬁeof body
wei ght, inj ecct)ed[tldmtheyromse af asinngﬂs&a‘rdmsencbthedvmdmg adtpitg oﬁd&q&ﬂm@emdgﬁglgjpon
t he af orementi factors. . The follow ng.non-1imting exanp|es
Further + 1T OCRoIaREe CRRPSF Husasees e e E T gE B O RSO R
Formul ati on apdoGhBRESAEVARSM AR oRderloabETRIOD 1 AN BEhAC ABHANBOD nfillBFams
Nanoparticle Conpositions. Synthesis of RR-1la has been described’in the
literature. Peekiogyam offkpdy weghtare usefubin trearing pepiodecMiatedencdeatept ors: a

or ot eaces. ) R ekerk ol BEGE G5  (ho e BHERy TR0 0 Wilp i DabE B
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group wi tth t Herniul§t3d dmhrmr;tﬂaylhmnm]lycmydp)tab?pe edrhyit aah hodiater,dality dr echl or i de

(EDC), followed by reaction with hydr oxysucci nam de to, produce. . he

NHS- est er . RIQq‘.‘L%‘S\%’é”%‘WPIHEE?ZE‘EF WCWD(. %ﬁ#é@%&%%ﬁ a0 13ikgamigat ed

NPs were gen
15 of eyl o e i Bl daiygo @ sigle doscor s

appr oxi mat el ymiltiflemobardepertding uponttheafgbms@moeecbfactom et hyl ami ne (TEA) for
about 24 h at anbigent roomte tur ecqan the resultin compoun
s cormbi ned w 1 h THCRoliY P 3SR EL R EFsiely AE Joure ST SBRUR AoEne
(DOPQ) , BCPE,pr@sB@tI iasdeionl , and

1, 2-di ol eoyl - sn- cer o- 3- phosphoet hanol am ne- N- 5[ met hoxy( pol yet hyl ene
gI ycol ) - 2000]13( IHEG) Formaatignanskeharnetenigation phlegwmain-targeted
nanoparticles.

Nanoparticle Compositions. Synthesis of RR-11a has been described in the
literature. See e.g., Ekici, O.D., ef al. Aza-peptide Michael acceptors: a new class of
20  inhibitors specific for caspases and other clan CD cysteine proteases. J Med Chem 47,
1889-1892 (2004) or Ovat, A, et al. Aza-peptidyl Michael acceptor and epoxide
inhibitors--potent and selective inhibitors of Schistosoma mansoni and Ixodes ricinus
legumains (asparaginyl endopeptidases). J Med Chem 52, 7192-7210 (2009). All
phospholipids (Avanti Polar Lipids) were dissolved in chloroform. To achieve targeting,
25 the carboxylic acid end of the aza-peptide was modified by activating this group with
the 1-(3-dimenthylaminopropyl)-3-ethylcarbodimide hydrochloride (EDC), followed by
reaction with N-hydroxysuccinamide to produce the NHS-ester. RR-11a was
synthesized by WuXi AppTec Co. Ltd. RR-11a-conjugated NPs were generated by
first, reaction of RR-11a with 1,2-dioleoyl-sn-glycero-3-phosphocthanolamine (DOPE)



1.1:6.7:6.7:2.2:1, as previously described for another |iposone system
See: Hood, J.D., et al. Tunor regression by targeted gene delivery to the
neovasculwoune/i38sence 296, 2404- 2407 (2002). Size di sPCirhisziianso2as
determ ned by dynamic |ight scattering on a ZETASI ZER NANQ(r) |i ght
scattering analyzer (Ml vern). 10Doxorubicin |oading into nanoparticles.
Doxorubicin was | oaded into NPs as follows. Briefly, the lipid filmwas
rehydrated in about 1 ml of sterile anmoni um phosphate buffer (300 mM pH
7.4) and agitated for a mninmum of about 1 h followed by sonication to
produce SUVs. The exterior amoni um phosphate buffer was exchanged wi th PBS
(pH 7.4) by gel-filtration chromatographyi®n NAP-10 colums 15(CE
Heal t hcare). Doxorubicin in water was then added as a 10 nM sol uti on and
the mxture 'aPE-%Q@;Eiﬁﬂtégy?ﬂ%&Qf rafib ifhe fEQAL o6 iSRRI EFE | BF QLR BARE

| i posomes were purified by gel-filtration chromatography w t'h NAP-10
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secondary anti bgg?/. Cell nuclei were visualized by DAPI staining. Scale
bars, 100 um298e¥0¢12407{2003)nejze dipfribution vegstdetprmined by hyppmiedighé Sqadgiingi n
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NM respectively. The nunber of binding sites for control and CoCl2 treated
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fhe celI's: seecmesd 4R BRpRet Ff by, ed o alorBeing o Sor P B o RS
renoved gnd YO K&lithsart TS TTERIh Ma®r Yvad Shddhdlibd B £356 BIM Soll1isk AKFGRY and
t he percentage of rhodam ne B-positive cells quantified; n = 3 wells per
group. Data meipiuesstbatehersrnightat RT. Farpdly edoxoBALBN enagrrasated! {ihosesicatarg hed
orthotopic 4Tl .breast tunor.s re jnjected i th Non-tar r

Tar got od s PURES Shs s TS PRpG MERY SOy AP b G BLAES BaPih

i mredi ately byfftr asmed canc anRICN 05com)gdted Mpssoalei N csthpdsitidnubadud with NPs  as
i ndi cated by rhodam ne B fluorescence; n = 2 mce per group; scale bars,
100 [Lm see dererubicin wahdgsignated as RDZ-218.

20 Conjugation of RR-11a to DOPE was achieved by first modifying the carboxylic

acid end of the aza-peptide by activating this group with 1-(3-dimethylaminopropyl)-3-
ethylcarbodimide hydrochloride (EDC), followed by reaction with N-
hydroxysuccinamide to produce the NHS ester and coupling to the amino group of
DOPE in chloroform, using triethylamine as a catalyst; see FIG. 1, Panel (a). Tumor

25 hypoxia was detected by staining with Glut-1 antibody and visualized using a
fluorescein-conjugated secondary antibody. Cell nuclei were visualized by DAPI
staining. Scale bars, 100 um; see FIG. 1, Panel (b). The affinity of anti-mouse legumain
mAD for cell membrane-expressed legumain was determined by Scatchard analysis; see

FIG. 1, Panel (¢). The mean Kd for control and CoCl, treated cells were calculated to



15EXAMPLE 2: Legunmi n-targeti ng enhances uptake of PEG | i posomne-

encapsul ated doxorubi cin and i nproves NP-nedi ated drug delivery to primary
breast t uwore12/031175 Animals and cell lines. Fenmal e BALBCE/US2@@/ 0528
purchased from The Scripps Research Institute Rodent Breeding Facility. All
ani mal experinents were perfornmed 20according to the NIH Guide for the Care
and Use of Laboratory animals and approved by The Scri pps Research
Institute Animal Care Conmittee. 4T1 and 4TO7 murine breast carcinoma cell
| ines were provided by Suzanne Gstrand- Rosenberg (University of Mryl and,
Col | ege Park, Maryland, USA). CT26 nurine colon carcinoma cells were
purchased from ATCC. 25Bi ndi ng study and-$¢atchard anal ysis. Anti-nouse

| egumai n anti body (about 40 [ig) (R&D Systens) was incubated for about 30

mnutes (M QR ah IVWGﬂOaB@Q%M Qn@atﬂﬁ 1 9bs¥ pdy ﬁﬁ”{-’ersﬁ&?ig}lg' 'ThB%bﬁ%Eﬁ/&fe”go

tubes coated with about 100 [tg O ODO- GENO r eagen rce Chem cal .
Non- i ncor por dimeting §itcs fmntrehmde@b(liiy trggkd £éllstwat icanuloted RDbA Bb@ HO,ME afdE

Heal t h . 4T | 5x1 d with hout 100. - -
o oo T orbange 2ol shETeE b gl oV s Mt Phe R ercaBE BOBE
serially dil ¢hefhnkddB Hp"i’(b%lﬁ@h Rt P AdYrel @hcABPincA T Ald APUbredst hhdCTES! | S

were washed three tinmes with PBS containing 1% bovi ne serum al bum n (BSA),
and t he anoursplopfcatymnmek edldivarapdiureibios pbdriad hi withhabous dPAuM Catlorftasount er .

Th t d f tch | ot
analyai s w o n R RRTTN CsREaPlety R AR Tl S0 Y R P BB e

of | egumain HIGAL Minsl Gd?SAfter the tinled indiédt€d, NPRORRE tdntdved Upl eeselld unmedcel | s
were seeded at about O.3x106 cells/well in a 6-well @gate About 24 h prior
to addition dnmqptelygsipg figajcsconee BE@ESGRPY ﬁnsth@ meraonesn af thodamieiBte t o

stinul ate hy L ug eit.her pERLY or
| oaded with %Bgl'tl@mcgﬁ %lrﬁtbiﬁ%{”ﬁ ( %Vgﬁ%?&%e adédégpetsgft eélillggelslers}ﬁalrig o

i ncubat e forBAa]bB/tatrnﬂ:émﬁlcbsﬁelmhedrortathptc 411 ‘tﬁﬁasﬁ?oturrﬂoraméreﬁmjb,ctedfdneé withi ch

these cells were washed with PBS and fixed wi.th %Z‘h{‘]gar‘ l'in (Fisher

Scientific) AMd-iRrEwdATersetedls 2dige By e jagahest ysang
visual i ze d%ﬁalgpé&hﬁnm@g%y BB YRR g@%)yftb QIWuQNEe%T%hPMMOIPﬁiN qer e

trypsinized aft renoval s, resuspended’in FACS fer

i medi ately alm@bqtzéw ﬂm)ldamm&rB ﬂhut@scesc@mce2 nmtepgigryup; scale bargi I9gis;rsebut i on
assay. Mce %qér 7 orthotopic tumors of approximately 500 mB in size
were injecte a singl e dose of RR-1la-conjugated NPs (RR-11 a+)

or RR1lpsf rmﬁﬁﬁl Yedumaieflgen¥eh RanclO ke 8f BEGlipsyonddli vel y mice
were injected three tines at about 48 h intervals with either RDZ-218,
NP- Dox, Fr ee encapsulated doxorubicin and improves NP-mediated drug delivery to primary

breast tumors.
Animals and cell lines. Female BALB/c mice were purchased from The Scripps
Research Institute Rodent Breeding Facility. All animal experiments were performed

20 according to the NIH Guide for the Care and Use of Laboratory animals and approved
by The Scripps Research Institute Animal Care Committee. 4T1 and 4TO7 murine
breast carcinoma cell lines were provided by Suzanne Ostrand-Rosenberg (University
of Maryland, College Park, Maryland, USA). CT26 murine colon carcinoma cells were
purchased from ATCC.

25 Binding study and Scatchard analysis. Anti-mouse legumain antibody (about
40 pg) (R&D Systems) was incubated for about 30 minutes (m) on ice with about 0.5
mCi of I (Amersham) in polystyrene tubes coated with about 100 pg of IODO-GEN®
reagent (Pierce Chemical Co.). Non-incorporated '*’I was removed by gel filtration on

PD-10 columns (GE Healthcare). 4T1 cells (5x10°) were cultured with or without 100



20 Dox, or PBS. About 24 h after the final treatnent, aninmals were

sacrificed and spl een, kidney, lungs, liver, heart and tunor were
col | ect edwvof2zozBm7sn OCT conpound (Ti ssueTek) and i nmedipaTalsgoizmsi2soned and
i mged by fluorescence m croscopy. Statistical analysis. The

statistical significance of differential findings between experinental
groups and controls was determ ned by 2-tailed Student's t test using
25PRI SMr) software (G aphPad). Findings were regarded as significant if
P<0. 05. Doxor ubi cin was | oaded into RR-11la+ NPs using a phosphate
gradient to generate RDZ-218. Doxorubicin was al so | oaded into RR-1la- NPs
(NP-Dox) as a control. As illustrated in-F5G 2, Panel (a), 4T1 and 4TO07
cells were cultured with CoCl2 for about 24 h and then incubated with

RDZ- 218, NP- E}NFC%Clﬁro?de%‘?M %Bﬁrs:@e followkd b 1ha9!§aﬁ@ﬁ &4th b BRSI4 IIM'SMW) Y

fl ow cyt onet analysis to determne nmean fluorescence intensity (
doxor ubi ci n; dniutedé Mﬂebdmnb@imﬁopalbmn 2émﬂab0utnﬂm(boCnlﬂs wBetveeshaptheseies

neans s.e.m ercenta f the dr u oncentratian S
dot e ni ned bwlﬁgﬁ%&%@mmgﬁ/wgww S SRS AT R bl AP0 cat e
celI's 5with thablabél Refinglckyn 6Ll ic‘tﬁtﬂﬁﬁ%&&lﬂﬂ&* aihg @oﬁ@ﬁ)oﬁﬁlﬁg cguntE ﬁ&efhm(l@

The rel ative percentage of dead 4T1 and 4T07 cells approxi mat el

fol | owi ngp t r éaPonterowsad fer Sepseharbplot anedysiNPUIDBR IS HReso fDa@xe (CﬁllaeéPﬂdD?all@_a or

enpty RR-1la NP det er.mi ned by anal yzing the forward and
side scatter uﬁ?&to Euﬁteo%eém%lbﬁe?ﬂegun%aené HCGE 3 S pape (c). Data is shown

relative to unt reahwr&ﬂhﬁ@a&ﬁ@l@tup@iﬁa Turfordcehbe soededait abgut 013X 10t a
represent means s.e.m *p<0 Hg<0 005. 4707 cells were injected into

the ingui nal cthsfivall yn @étwerlbmlaféf Abownl4eh prosoaddition of NRyoradls weretreatebwitl t o
tablish f ; h
et A Len L ongBRRN ol it ARl ARRLOUNIPL Sl AR IR FILREC WBLeh

wer e sact( f i e@bcradnguty oRbalicdaivitk0.2t i doastubicdiny €igmey wardadded suths coky and

i sol ated and |nned tely analy ed by | uorescence 15 opy to detect
i stri but i on TRFUOAES dPBPEL Fo aiEl o @Jt pgnsid odeh f?%fsw ich b GRS WerF o

al so stai ned \wih &y PR h’BtSOanfﬁiléélwllﬁlel 096 Linc TS B (Fidher S%léﬂtl@i%) B 1nﬁﬁ&ﬂ@telgl8

scal e bars, 100 gm EXAMPLE 3. Therapeutic treatnment of mce wth RDZ
results in ccanplb'mdebﬁﬂlmjsmmeamcm&wy toaisuabredstorguan upgkont br avatysouty

toxicity. 20 e t horaci c s of fe BALB/ c

ot et i HOSEOUERFD-FSTTET aF e ABOL P Bg/d B FSRTaNEY Mderss
chal | engg; Mg iBn¥é8Rtcdy Ana¥yzel %&ﬁédn%res@éno% igkehdityerval' s, with either
RDZ- 218, NP-Dox, Free Dox (all at about 1 rrg Dox) or "saline. Tunor

di nensi ons were ndHsdisaibutiontasiay; rjicelticpens B@geabhtomyumprsmf@apmmatalmd
used tt(‘.)r g:![ (r:nlagln tn%gfjlti'lhrgi)%e v%ér% dec'Y‘e& ) gl?él%'d%' ¢ thﬁbHUtc Ié]}lﬁlgtegNPeIgﬁﬁ5t he

final and t'unor OWere

ti ssues subj dah+ier Kl{su@Jf&gINP@I(Ranallay)slalseledRUPsEkhc(dBﬁm&lga)Altshﬁtlmlpgmws
performed according to manufacturer's proto emal e BALB/c m ce

wer e i nj ect edvee thestshihecg) tingesgt 91va4’#§1?1 ltli?mls \Yéh P%heéﬁdﬂﬁﬂr%r@’a%mﬁ to
establ i sy fop @bguppg. ApBhd 2 h bR thERh IR R htmd¥: CRIMAS Grefl %EAfPed antispleen,

kidney, lungs, liver, heart and tumor were collected, frozen in OCT compound (Tissue-
Tek) and immediately sectioned and imaged by fluorescence microscopy.
Statistical analysis. The statistical significance of differential findings between
experimental groups and controls was determined by 2-tailed Student’s # test using
25 PRISM® software (GraphPad). Findings were regarded as significant if P<0.05.
Doxorubicin was loaded into RR-11a” NPs using a phosphate gradient to
generate RDZ-218. Doxorubicin was also loaded into RR-11a" NPs (NP-Dox) as a
control. As illustrated in FIG. 2, Panel (a), 4T1 and 4TO7 cells were cultured with
CoCl,; for about 24 h and then incubated with RDZ-218, NP-Dox or Free Dox for the



- 17 - injections with either RDZ-218, NP-Dox, free doxorubicin (Free Dox),
enpty RR-11a' NPs (NP-RR-11 a) or saline (PBS) at 3-day intervals. Data
poi nts r epoesemBitiseat nent days; n = 5 mice per group. @aTA®med14528Df
treatnment, tunor di nensions were neasured with mcrocalipers and used to
calcul ate tunor size; see FIG 3, Panel (a). 5Data represent neans s.e.m
Mce were sacrificed about one day after the 5th injection and i mages of
primary tunmors captured prior to dissection; see FIG 3, Panel (b). Inages
are representative fromeach group. The wet weight of primary tunors was

al so neasured; see FIG 3, Panel (c). Data represent nmeans s.e.m *p<O0.05.
Tunor sections were stained wwth TUNEL tojgiLsualize and quantify the

per cent age of apoptotic 10tunor cells ; n =5 fields per section; see FIG

3, Panel (d).j,&akaq ﬁﬁ’l@éf’, ?élw%% c§t8§1§59y analyBis% 89%hind’ Hlf%aﬂi) f‘l.{l&%@én&@mr

wei ght was subtracted fromthe total wel ght at tinme of sacrifice and
conpar ed t o badysitydMIH) opdaxoruttiont mrdrwdbsl der ghvaiblfengpeh timedetigr Patae change

in body weight ; see FIG 3, Panel e). a represent neans. s.e.m
ontee o oot etk - IS s e 51 e raL bRy restpaiop %S0 0026
*+7p < 160, 00k crENBl BofhpaTAine N1 SBDBBLIKORP. AT FRASCréll Gecdigar | no

orthotopic 4T07 tunors of aPprom mat el y 500 mm si ze were given 5
consecut ilve iwith thpifeetidlondilus¢d doxesutdororeahilai %, Panpl (bb x Thorel4RpZ perrgntage

appr oxi mat el y .24- roin al,;s.. The.das f xor ubi cin for..al. 0S
20nas 5 gt kg dcod P gD BTERUR spl R 2 RGP g RRHE e

and PEG | i po9QRERPIRRS Uik, #@¥ RIRUDI £ bR c@ptytIR- 10T MPs @NP-RRE€1®)|veasBALB/ ¢
mce were injected orthotopically with 4TO7 breast tunor cells. Tunors were

al | oned to esieipningd bygalyaine thofosyard agd sl seaster piot ef JowoytomatyppiedilG 8,

treatnent. M Lve i . i nj j i it her rubicin
(Free Dox), r@ﬁelgg ?Rﬁ%‘gsos&)oagrre%wgl%a%%h%%o St[r#e}-oghlﬁ:agsﬁ%lc[asﬁ)gag%g'

doxor ubi ol n (DRRZrcPiBPnt ruexe r-whi. @i Tp<weldS, &dpr0G3. et 7 edlisadxoe inj&ctedihkogthen 200
pl of PBS for. all groups; n =5 mice per. group. The results are shaown in
Table 1; fradigudpd ma@w@yéﬁ&paﬁtﬂﬁg@w@%f% & Mige- iUy e allopred &0 eigblishor 5,
after each trgalydns d, toa sk of approximately 500 mm?®, after which mice were given two i.v.

injections with RDZ-218, NP-Dox or Free Dox. Mice were sacrificed about 24 h after
the last injection and tissues were isolated and immediately analyzed by fluorescence
15  microscopy to detect distribution of doxorubicin; see FIG. 2, Panel (d). Tissue sections
were also stained with DAPI to visualize cell nuclei; n =2 mice per group; scale bars,
100 pm.
EXAMPLE 3: Therapeutic treatment of mice with RDZ-218 results in complete
suppression of primary breast tumor growth without toxicity.
20 The thoracic mammary fat pads of female BALB/c mice were injected with
about 1x10° 4TO7 cells. About 7 days after tumor cell challenge, mice were given 5
1.v. injections, at 3 d intervals, with either RDZ-218, NP-Dox, Free Dox (all at about 1
mg/kg Dox) or saline. Tumor dimensions were measured with microcalipers on each
day of treatment and used to calculate tumor size. Mice were sacrificed about 24 h after
25  the final treatment. Both the body and tumor weights were determined and tissues
subject to histological analysis. TUNEL (Promega) staining was performed according
to manufacturer’s protocol.
Female BALB/c mice were injected orthotopically with 4TO7 tumor cells and

tumors allowed to establish for about 7 d prior to treatment. Mice were given 5 1.v.



Table 1. Toxicity Study of RDZ-218 in Treated Mce Treatnment 0 1 2 3 4 5
Free Dox 5/5 0/5 - - - - NP-Dox 5/5 5/5
WO 2012/031175 PCT/US2011/050287

-17 -

injections with either RDZ-218, NP-Dox, free doxorubicin (Free Dox), empty RR-11a"
NPs (NP-RR-11a) or saline (PBS) at 3-day intervals. Data points represent treatment
days; n =5 mice per group. On each day of treatment, tumor dimensions were
measured with microcalipers and used to calculate tumor size; see FIG. 3, Panel (a).

5 Data represent means + s.e.m. Mice were sacrificed about one day after the 5th
injection and images of primary tumors captured prior to dissection; see FIG. 3, Panel
(b). Images are representative from each group. The wet weight of primary tumors was
also measured; see FIG. 3, Panel (c). Data represent means £ s.e.m; *p<0.05. Tumor
sections were stained with TUNEL to visualize and quantify the percentage of apoptotic

10 tumor cells ; n =5 fields per section; see FIG. 3, Panel (d). Data represent means +
s.e.m; ***p<0.0005. The primary tumor weight was subtracted from the total body
weight at time of sacrifice and compared to body weight prior to tumor cell challenge to
determine change in body weight ; see FIG. 3, Panel (¢). Data represent means + s.e.m.
Control groups were compared to the RDZ-218 treated group, **p = 0.0029, ***p <

15 0.001.

EXAMPLE 4: Toxicity evaluation.

Female BALB/c mice bearing orthotopic 4TO7 tumors of approximately 500
mm® size were given 5 consecutive i.v. injections of free doxorubicin, NP-Dox, or
RDZ-218 at approximately 24-hour intervals. The dose of doxorubicin for all groups

20  was 5 mg/kg.

RDZ-218 shows no toxicity in vivo, in contrast to free and PEG-liposome-
encapsulated doxorubicin of the prior art. Female BALB/c mice were injected
orthotopically with 4TO7 breast tumor cells. Tumors were allowed to establish and
reach a size of approximately 500 mm’ prior to treatment. Mice were given 5 i.v.

25 injections with either free doxorubicin (Free Dox), native (NP-dox) or RR-11a" PEG-
liposome-encapsulated doxorubicin (RDZ-218). Doxorubicin was administered at
about 5 mg/kg in 200 ul of PBS for all groups; n = 5 mice per group. The results are
shown in Table 1; fractions represent number of mice surviving, out of a total of 5, after

each treatment.



3/5 1/5 1/5 1/5 RDZ-218 5/5 5/5 5/5 5/5 5/5 5/5 Di scussion.

WO 2012/031175 PCT/US2011/050287
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Table 1. Toxicity Study of RDZ-218 in Treated Mice

Treatment 0 1 2 3 4 5
Free Dox 5/5 0/5 - - - -
NP-Dox 5/5 5/5 3/5 1/5 1/5 1/5
RDZ-218 5/5 5/5 5/5 5/5 5/5 5/5
Discussion.

5 The present invention demonstrates ligand-targeting by conjugating PEG-

liposome NPs to the small molecule (451 M.W.) inhibitor of legumain, RR-11a, from
the class of aza-Asn Michael acceptor inhibitors; see FIG. 1, Panel (a). RR-11a was
designed with clan CD specific sequences and thus is highly specific for clan CD
proteases, such as legumain, which it inhibits irreversibly at ICsy values in the

10 nanomolar range (ICso = 31-55 nM). Importantly, RR-11a does not interact with other
related proteases, including caspases, clostripain or gingipain K, and is resistant to
cleavage by proteases in vivo. The mechanism of legumain inhibition by RR-11a
involves a nucleophilic attack by the catalytic cysteine residue on the Michael Acceptor
double bond at C2, forming a covalent bond that irreversibly inhibits this asparaginyl

15 endopeptidase; see FIG. 4, Panel (a). In use the compositions of the present invention
covalently bind RR-11a coupled NPs to legumain resulting in attachment of the entire
liposomal composite to the receptor and subsequent irreversible internalization. This
proposed mechanism is supported by NMR studies and is relevant since high binding
affinity would improve NP targeting. Coupling of RR-11a to the 1,2-dioleoyl-sn-

20 glycero-3-phosphocthanolamine (DOPE) component of NPs was achieved by reaction
with triethylamine (TEA), as described in detail in Material and Methods; see FIG. 1,
Panel (a). Analysis of RR-11a coupled PEG-liposome (RR-11a") or native PEG-
liposome (RR-11a") NPs by dynamic light scattering revealed a uniform size

distribution of approximately 150 and 110 nm, respectively (data not shown).



5The present invention denonstrates |igand-targeting by conjugating PEG

| i posone NPs to the small nolecule (451 MW) inhibitor of |egumain, RR-11
a, from twe 2012z8$176f aza- Asn M chael acceptor i nhi bitor #CTASe01FI0&281, Panel
(a). RR-11a was designed with clan CD specific sequences and thus is highly
specific for clan CD proteases, such as legumain, which it inhibits
irreversibly at IC50 values in the 10nanonol ar range (1 C50 = 31-55 nM.

I mportantly, RR-1la does not interact with other related proteases,

i ncludi ng caspases, clostripain or gingipain K, and is resistant to

cl eavage by proteases in vivo. The nmechani sm of | egumain inhibition by

RR- 11a invol ves a nucl eophilic attack by-tfe catal ytic cystei ne resi due on
the M chael Acceptor double bond at C2, forming a coval ent bond that
rreversi bly I nhi Bikambiil S0 A30007 BlYdnt Ao FOARRERDI-LAREne Sfifel h@m@ Panel
(a). In use the conpositions of e present 1 nvention cova ent |

RR- 11a couplednﬁﬁ%ﬁﬂwh&@gwpauagM@@UmbmH@9Bhom@kggbﬁewmnmhnmhenéntmw@

| i posomal conposite t? t

he .rece and .subse uent irreve
i nternal i zat i GAMaHHPY %Mﬁ&é%aveﬁéémﬁﬁegm % A gy s Nﬂﬁfu&%. es and is

rel evant si n%cbfcﬁrlrgzplvn&k&gbﬁa‘tfahanyglyvmwdqegmlwﬁ)t&iﬁek 888 MdmulEpKP! i ng
of RR-1la to the di ol eoyl -sn-~ 20gl ycer o- 3 Bhos hoet hanol am ne ( DOPE)

conmponentd of nNPEeQALsiRarhe el eyynd @a@tﬂmmmﬁaﬁ'ﬁ telaf»téumyt,éhnswenf( wEAE, as

descri bed in _detali ods see (

Analysi o of eIt il B e § FuiRaghy SPRS ek Bhamping
sone (RR- 11a—e)<?ﬂ85>§oxbyn ehenRmisGrfhdedtturs GRidsporso @o fredredd ve@dnachitintisdd ceildier
di stribution of approxinmately 150 and 110 nm_respectively (data not

shown) . - 10fressLEEhRaATUEY SYV . dmpexartlyl. 6pH stk IcEPSTOn ABEUTRRIR det i ng,
since it 1s Qhﬂeﬂlgxd Bg ﬂg&fx‘{@aré%?ta"}ﬁ%aﬁ%ﬁo%ﬁ &uﬁ%}shwﬁ{%ﬂ% %1%§e{& heow! Ogy

bet ween human an egumai’n proteln, over ressed i1n
maj ori tyllof fwthepiahowsetrusdet sf bréast oaticngd dlctem&tddjy]tubioobxlﬁaﬁhqtﬁofi}l\aeﬂj fied
| egumai n protein tiple 5nmurjne inoma cell |ines and a

expression in | car
muri ne pri mary eﬁ@%@iﬁ@g ?Wa 1&%3@ IRt e Grl e?‘f‘%ﬁ‘iéb)r Bphar@oreart Hedgh
intracel | ul anml8QYARIRhd fickiRind s&so(sﬁhmtlﬁl%%m%mﬁ&gyaal &R 58] @Bt On

the cell surface occurs in response to croenvi ronnent -1 nduced cel | ul ar
stress, such hypoxsestuess stducedtdlbsurfacerparesnml of legualdin &latd Imteh@xlp)r essi on of

| egumai n i s enhanced .h iCc stress, hal | mar k of i.d tunors, ich
s bresent i our ISGIIHETS S LA a AP K o a4t hedIn ST A neg
by tumor]exprespio? mfis ﬁiasafrm%ed BitesicR Rk iesh bty Reve: dcll e dlendiat &IR;

see FIG 1, Panel (b). Furthernore, in vitro i munohi stochem cal analyses

of multiple Mbbfecstictomefificaeitirgttingis theveineler ef targricelhyypéacie ccaspioss s

i nduced cel | 113%e l§gﬂﬁ55|o unai ta not Sh@ﬁ@&caThe

ef ficiency of" |gan arge?lmrllré1 ec]fepenggcules Or}térg v S dbundance l? t he target

specifically bound at the tumor site. Therefore, we quantified the number of legumain
binding sites per tumor cell through binding studies and Scatchard plot analysis using
20 '2I_labeled anti-legumain antibody. We calculated that under normal oxygen tension,
the number of legumain binding sites were approximately 46,760 and under hypoxic
conditions the number increased to about 117,800 sites/cell; see FIG. 1, Panel (c). The
fact that hypoxia induced about a 3-fold increase in number of tumor cell surface
legumain binding sites is biologically relevant, since hypoxia is a hallmark of the solid
25 tumor microenvironment, and thus frees the targeting system from dependence on any
single genetic characteristic of the tumor. Therefore, targeting strategy described herein
should not be limited by the genetic heterogeneity commonly observed in solid tumors.
To evaluate the extent to which RR-11a coupling enhances uptake of PEG-
liposome NPs by tumor cells in vitro, murine breast (4T1 and 4TO7) and colon (CT26)



15receptor, and is maxim zed by its over expression on target cells
relative to nornmal cells. Thus, a restriction of ligand-targeting is the
nunber ofwoanpa3iwel | surface receptors, which determ n@sTiuseomond2er of
nol ecul es of targeting conpound that can be specifically bound at the tunor
site. Therefore, we quantified the nunber of |egumain binding sites per
tunor cell through binding studies and Scatchard pl ot anal ysis using
20125l - | abel ed anti -l egunmai n anti body. W cal cul ated t hat under normal
oxygen tension, the nunber of |egunmain binding sites were approximately
46, 760 and under hypoxi c conditions the nunber increased to about 117, 800
sites/cell; see FIG 1, Panel (c). The fagp-that hypoxia induced about a
3-fold increase in nunber of tumor cell surface |legumain binding sites is
brrologi cal |y dhghfoils SBfEiclPANIAIL Srdds Akt HRIBx O ol VIRiSOLiNA RRHUTR

m croenvi ronment, and thus frees e targeting system from dependence on
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An important factor for effective ligand-mediated NP drug delivery is not only
their ability to carry an optimal payload to the desired target cell, but also to effectively
release this payload following delivery. To critically evaluate these parameters,

20 doxorubicin, a chemotherapeutic drug commonly used to treat breast cancer, was loaded
into NPs via an ammonium phosphate gradient, as previously described. Murine breast
tumor cells (4T1 and 4TO7) under hypoxic stress were then incubated with either free
doxorubicin (Free Dox), or doxorubicin-loaded RR-11a” (NP-Dox) or RR-11a" (RDZ-
218) NPs at various time points, and analyzed immediately by flow cytometry to

25 quantify the mean fluorescence intensity (MFI) of doxorubicin internalized by the cells.
RDZ-218 treated cells showed enhanced uptake of doxorubicin when compared with
cells treated with NP-Dox; see FIG. 2, Panel (a). Surprisingly, treatment with RDZ-218

not only resulted in more rapid drug uptake over time compared to NP-Dox, but also

increased the degree of uptake by as much as about 16-fold, with the rate of RDZ-218
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The main therapeutic objective of ligand-targeted NP delivery is to minimize

undesirable systemic drug toxicities arising from non-specific accumulation of NPs in

20 RES organs, while still being able to deliver a biologically effective dose of drug to
target cells. However, one concern with using NPs for drug delivery is that NPs are
relatively larger than drug molecules and thus would be less likely to penetrate the
vascular wall and gain access to tumor cells compared to small molecular mass drugs or
antibodies. Therefore, to test the ability of RDZ-218 to effectively and specifically

25 deliver a drug payload to the target tissue in a therapeutic setting, mice with established
breast tumors, of approximately 500 mm® in size, were given two i.v. injections of
either RDZ-218, NP-Dox, or Free Dox approximately 48-hour intervals. Microscopic
analysis of tumors about 24 h after the last injection revealed intense and widely spread

doxorubicin fluorescence in tumors from RDZ-218 treated animals; see FIG. 2, Panel
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treated with RDZ-218 revealed only rudimentary tumor nodules while control mice had
large tumor masses of approximately 500 mm® in size or greater; see FIG. 3, Panel (b).
20 Treatment with RDZ-218 resulted in an approximately 8 to 12-fold decrease in tumor
weight when compared with controls; see FIG. 3, Panel (¢). Concordantly, TUNEL
immunohistochemical analysis of tumor sections from RDZ-218 treated mice revealed
between a 9 to 35-fold increase in percentage of apoptotic cells when compared to
tumors from control animals; see FIG. 3, Panel (d). Surprisingly, mice treated with
25 RDZ-218 did not show any loss in body weight over the course of the study, which is
indicative of reduced toxicity; see FIG. 3, Panel (3).
To confirm this reduced toxicity of RDZ-218, a toxicity study was performed in
tumor bearing mice by daily administration of a single dose of Free Dox, NP-Dox or

RDZ-218, at about 5 mg/kg doxorubicin for all groups, over the course of about 5 days
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cholesterol, to assure spontaneous incorporation of CDDO-Im into the lipid bilayer
upon rehydration of the lipid film. Addition of a 0.6 molar ratio of CDDO-Im to
DOPE:DOPC:cholesterol:DOPE-PEG:DOPE-RR11a at molar ratios of

15 6.7:6.7:2.2:1:1.1, respectively, resulted in effective loading of CDDO-Im. Analysis by
UV spectrometry of free CDDO-Im and encapsulated CDDO-Im, after relacse by NP
disruption indicated a loaded concentration of about 45 micromol/L CDDO-Im, which
is approximately 450-fold more concentrated than the dose of 100 nmol/L required for
effective Stat3 inhibition. Analysis of NPs by dynamic light scattering and TEM

20 showed an optimal average NP diameter of about 100 nm and a zeta potential close to 0
(See FIG. 5 A-D).
EXAMPLE 6: In vivo Evaluation of Encapsulated CDDO-Im.

Materials. Authenticated 4TO7/4T1 murine breast carcinoma cells were

provided by Suzanne Ostrand-Rosenberg (University of Maryland, College Park, MD)

25 and maintained in RPMI-1640 medium (Gibco, Carlsbad, CA, USA) supplemented with
10% FBS, 1% HEPES, 1% sodium bicarbonate and 1% sodium pyruvate. Cell lines are
authenticated by in vivo growth/metastasis in Balb/c mice, by expressions of IL-6 and
S100A8/A9, and resistance to 6-thioguanine. Cells were tested negative for

mycoplasma using MycoALERT (2008, Lonza, Basel, Switzerland). MMTV-Neu
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15 In vivo tumor studies. 4TO7 (5x10%) cells or MMTV-Neu (1x10%) primary
tumor cells were injected orthotopically into female BALB/c or FVB/NJ mice,
respectively. NPs in 200l of PBS (about 1.36x10" particles) were administered i.v.
and tumor dimensions measured using digital microcalipers. Tumor volume was
calculated using the formula [(a’xb)/2], where “a’ is the larger of two perpendicular

20 diameters. For recurrence studies, primary tumors were surgically removed and mice re-
challenged orthotopically in the contralateral mammary fat pad. Mice were vaccinated 3
times orally at 1 week intervals by gavage with attenuated salmonella typhimuirum
(1x10° CFU per mouse) transduced with either pNeuTm (provided by Wei-Zen Wei,
Karmanos Cancer Center, Detroit, MI, USA) or empty vector.

25 Flow cytometry. Splenocytes and tumor infiltrating lymphocytes were isolated
and incubated (1x10° cells per tube) with fluorescein-conjugated antibodies (0.25ug
antibody per 10° cells in 100ul volume) against mouse CDS, CD25, CD14, CDl1c,
CD11b, CD80, CD45, F4/80 (Biolegend, San Diego, CA USA) and/or Granzyme B
(0.125ug antibody per 10° cells in 100ul volume) (eBioscience, San Diego, CA, USA).
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(Bi ol egend, San Di ego, CA USA) and/or G anzyme B (0.125gg anti body per 106
cells in 100gl volune) (eBioscience, San-Prego, CA, USA). - 25 - Data were
collected on a digital LSR 11 (Becton D ckinson, Franklin Lakes, NJ, USA)
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100nM-1uM concentrations (FIG. 6A). The ability of encapsulated CDDO-Im to
inhibit STAT-3 activation was confirmed by incubating IL-6 stimulated 4TO7 tumor
cells with empty targeted NPs (Leg-NP), non-targeted (NP-CDDO) or targeted (Leg-
NP-CDDO) NPs loaded with CDDO-Im, or free CDDO-Im. Western blot analysis
20  showed that encapsulated CDDO-Im blocked STAT-3 phosphorylation as well as free
CDDO-Im (FIG. 6B). Importantly, cells treated with Leg-NP did not show inhibition of
STAT-3 phosphorylation, thus demonstrating that inhibition was due solely to CDDO-
Im and not by any non-specific effect of NPs (FIG. 6B).
Finally, the ability of Leg-NPs to deliver a CDDO-Im payload to MMTV-Neu
25  primary tumors in a therapeutic setting was tested. To this end, mice bearing orthotopic
breast tumors were given 8 1.v. injections at 3 day intervals with either saline (PBS),
Leg-NP or Leg-NP-CDDO. Western blot analysis of MMTV-Neu primary tumor
protein extracts obtained one day after the last injection showed that Leg-NP-CDDO
effectively inhibited STAT-3 phosphorylation in primary tumors (FIG. 6C).



Finally, the ability of Leg-NPs to deliver a CDDO I m payl oad to MVIV- Neu
25primary tunors in a therapeutic setting was tested. To this end, mce
beari ng owohotxapiwsbreast tunors were given 8 i.v. injeeCiranssoans@stday
intervals with either saline (PBS), Leg-NP or Leg-NP-CDDO. Western bl ot
anal ysis of MMIV-Neu prinmary tunor protein extracts obtained one day after
the last injection showed that Leg-NP-CDDO effectively inhibited STAT-3
phosphorylation in primary tunors (FIG 6C). - 26 - Collectively, these
data denonstrate that CDDO- I minhi bits STAT-3 phosphorylation in nurine
breast cancer cells. Additionally, this work denonstrates successful
encapsul ation of CODO-Iminto |iposomal NPs-for targeted delivery to the
TME and effective therapeutic inhibition of STAT-3 phosphorylation in vivo.
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encapsul ated in non-targeted particles was markedly less effective at
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that m ce 20tre Leg- NP- CDDQ showed only rgi nal I reduced tunor
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suppressing in vivo grow primary tu I's conpared to tunors
derived fromtdme7buddd cdnmesd wubgnﬂkmeﬁdmtmtsdﬁl@u&) cyt oki ne and grow h
Factor expression ﬁo@vever, compared with primary tumor cells, established tumor cell lines, such
15 as 4TO7, that have been in long term culture ex vivo may acquire genetic and
phenotypic changes which may affect their therapeutic response. Therefore, to
critically evaluate the efficacy of Leg-NP-CDDO, mice were treated with orthotopic
tumors derived from MMTV-Neu primary cells with 8 i.v. injections of Leg-NP-
CDDO, Leg-NP, or PBS (FIG. 8A). Calculation of tumor volumes revealed that mice
20  treated with Leg-NP-CDDO showed only marginally reduced tumor size compared with
controls (FIG. 8B), despite significantly reduced tumor burden (FIG. 8C). Therefore,
Leg-NP-CDDO was markedly less effective at suppressing in vivo growth of primary
tumor cells compared to tumors derived from 4TO7 cell lines.
Leg-NP-CDDO modulates cytokine and growth factor expression in
25 primary tumors. STAT-3 signaling mediates tumor-associated immune suppression in
vivo by modulating cytokine and growth factor expression by tumor cells and other cells
in the TME, including macrophages. Therefore, to evaluate the effects of Leg-NP-
CDDO on expression levels of these factors, whole cell extracts were derived from

primary tumors of mice treated with Leg-NP-CDDO, Leg-NP or PBS. Western blot



25primary tunors. STAT-3 signaling nediates tunor-associ ated i mmune
suppression in vivo by nodul ati ng cytokine and growth factor expression by
tunmor celwe 2ared3ot7eer cells in the TME, including nacrophagsgo11/Dhesef or e,
to evaluate the effects of Leg-NPCDDO on expression |evels of these
factors, whole cell extracts were derived fromprimary tunors of mce
treated with Leg-NP-CDDO, Leg-NP or PBS. Western blot -27 - analysis
showed mar kedly upregul ated protein expressions of pSTAT-1 (715-fold),
IL-15 (37-fold), IL-12b (9-fold), IFNy (24-fold) and GMWCSF (6-fold) in
mce treated wth Leg-NP-CDDO as conpared with controls (FIG 9A).
Conversely, protein expressions of IL-6,-pt=-10 and TG--13 showed a 2 to
5-fold decrease in primary tunors 5of Leg-NP-CDDO treated mce (FIG 9B).
Leg- NP- CDDO ' |- i
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dependi ng upon whet her they receive or Th2 polarizing signals fromthe
TME. Therdf oroé LegNP-CRIDQ hicsted tlh%ﬁt(ﬁl\ﬁs%@)bsléﬁgvlﬁﬂ GDuD@;ttﬁ@anﬁéa Rpr essi on
suggest ed t hat n.the e ce eu
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Leg- NP or PBS and anal ﬁzed ow cytonmetry to detect activated CD8 T

cell's, DCs arldFaepoph @ééeg R=CDRP feedpy- M ce treated with NP-Leg- CDDO
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VCD1 1c and CD30.VCD1, 1b) (FIG 0C),.respectively. Microphages_ have very
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typically sh hi g expression of NO52 in association wth anti-tunor
cytoklne expression suggested that changes in the immune cell milieu in tumors might

also be evident. To evaluate this hypothesis, live single cell suspensions of primary

15  tumors were derived from mice treated with either Leg-NP-CDDO, Leg-NP or PBS and
analyzed by flow cytometry to detect activated CD8" T cells, DCs and macrophages
(FIG. 10 A-C). Mice treated with NP-Leg-CDDO showed a 4.6-fold increase in
CD8'/CD25" T cells compared with PBS controls (FIG. 10A). Additionally, mice
treated with Leg-NP-CDDO revealed a 5.6 and 2-fold increase in macrophages

20  (CD45'/F4/80") (FIG. 10B) and DCs (CD14"/CD11¢" and CD80'/CD11b") (FIG. 10C),
respectively.

Macrophages have very different effects on immune function and tumor growth
depending on their mode of activation and polarization. ‘Classically activated’ M1
macrophages typically show high expression of NOS2 in association with anti-tumor

25 immune responses. In contrast, ‘alternatively activated” M2 macrophages do not express
NOS2 and are typically associated with immune suppression and pro-tumor responses.
Therefore, an investigation was made as to whether macrophages in primary tumors of
Leg-NP-CDDO treated mice corresponded to either M1 or M2. To this end,

immunohistochemistry and fluorescence microscopy analysis of tumors revealed a



25i mmune responses. In contrast, 'alternatively activated" M nmacrophages
do not express NO52 and are typically associated with i mmune suppression
and pro-twoanizespenses. Therefore, an investigati on wa®Cra$e01a951287 whet her
macrophages in primary tunors of Leg-NP-CDDO treated m ce corresponded to
either ML or M2. To this end, imunohistochem stry and fl uorescence

m croscopy analysis of tunors revealed a - 28 - marked increase in F4/80
"/ Nos2 ' positive cells in tunors derived fromLeg-NP-CDDO treated m ce
(FIG 10D), whereas control tunors showed robust F4/80 ' staining that was
predom nantly NOS2- (FIG 10D). These findings suggest that ML pol ari zation
of tunor infiltrating macrophages is a reggilt of Leg-NP-CDDO treatnment.
5Conbi nati on therapy i nproves the anti-tunor effects of a Her-2 DNA
vaccine. The n%rﬁ&?iﬁkre&ée’lﬂ'M%*N&Q?g%siﬁ%%uﬁE&ﬁhﬁ?@&ebﬂ%& *Proh‘?Eé%;'ﬁ'P@Bﬁ- *ebbBo

bl ocks TMEnedi at es 1 nmune suppr essi Furthernore, based on ¢ t oki ne
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appeared sufficiently pri Q ti-tunor.response VB/ mce re
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and treated wWihbr gk haickdhafds ik 8 GeshiPoFRERNME DD BNuMRAET Ne agai nst the
extracel lul ar domain of HER-2 (pNeuTM (FIG 11A). Alternatively, mce were
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suggest that conbi nation therapy-nedjated protection against tunor
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recurrence. Tumor recurrence was significantly suppressed in mice treated with the
Leg-NP-CDDO/pNeuTm combination therapy, compared with controls, and resulted in
complete tumor rejection in 40% (2/5) of mice (FIG. 11A). In contrast, vaccination
with pNeuTm or treatment with Leg-NP-CDDO alone did not protect against tumor
20 recurrence. These results suggest that combination therapy-mediated protection against
tumor recurrence results from Leg-NP-CDDO, which Th1-primes the immune TME
thus improving anti-tumor immune responses following pNeuTm vaccination.
Splenocytes from pNeuTm vaccinated mice, combined with Leg-NP-CDDO,
Leg-NP or PBS, were cultured with irradiated MMTV-Neu primary tumor cells and
25 their CTL response measured by flow cytometry. Results showed that pNeuTM
vaccinated mice treated with Leg-NP-CDDO had a 2.3-fold increase in the percentage
of CD8"/Granzyme B" splenocytes compared with controls (FIG. 11B). Additionally,

to evaluate whether this boost in CTL responses was tumor cell specific, the CTL

response of splenocytes from Leg-NP-CDDO/pNeuTm treated mice were compared



to eval uate whether this boost in CIL responses was tunor cell specific,
the CTL response of splenocytes from Leg- NP-CDDQO pNeuTm treated m ce were
conpar ed wo 2822/03118en cultured with either HER 2111 MMIychas2e1ee0287 cel | s
versus HER-21' HEVc nouse endothelial cells (FIG 11C). Flow cytonetry
anal ysis of these splenocytes revealed a 4-fold increase in percentage of
CD8 VG anzynme B ' cells in response to HER-2111 cells versus HER-21' cells
(FIG 11C), thus denonstrating that the i mmune 5response of mce treated
wi th the conbination therapy was indeed tunor antigen specific. Discussion.
Increased CD8 ' T cells in tunors of Leg-NP-CDDO treated mice correl ated
with marked increases in |IL-15 expression29a potent chenoattractant for T
cells. 10Inportantly, IL-15 stimulates Thl T cell differentiation and

proliferationpf CU.RMI%? RHARGHRPAERES! Y EPG - Ned tu?rﬁJré ellsNelub HER -2 HEVC

Significantly, these findings are consistent wth e observation
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cell function as r [t of STAT-3 inhi 0 - NP-. CDDO.
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rel ease pronpting further recruitnent of |'ammat ory cells (24

Concor darit | y respengecafrgice érp@te@wdédhfe%@bqumrtb@r@pymww prdeedivores apfigdn - 10 and
TG--13 in prlsrrar  tunors, both reported to induce the cancer pronmoting M
phenot ype of . In contrast, macrophages that are activated by | FNy
possess a phayisdusgienassoci ated with tunor destruction. These 20ML

nmacrophages are chasagh@UDRed édlls RRdmdY o EKE-RPSEODPre e coftblatc@ui ngl y,
an increased infiltration of NOS-2 ' nacrophages in prinmary tunors of mce
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targeted rmmv?l?hl t?lte Ioggerggtloglrégrrlel%g ?nc!el\a{lszed IL-15 expression in the TME with improved
CD8" T cell function as a result of STAT-3 inhibition with Leg-NP-CDDO.
Tumor-associated macrophages (TAMs) are among the most common immune

15 cells in solid tumors. TAMs mediate pro-tumor inflammation by cytokine release
prompting further recruitment of inflammatory cells (24). Concordantly, we found here
a decrease in protein expressions of IL-10 and TGF-f in primary tumors, both reported
to induce the cancer promoting M2 phenotype of TAMs. In contrast, macrophages that
are activated by IFN-y possess a phenotype associated with tumor destruction. These

20 M1 macrophages are characterized in part by expression of NOS-2. Intriguingly, an
increased infiltration of NOS-2" macrophages in primary tumors of mice treated with
Leg-NP-CDDO which corresponded with an increased expression of GM-CSF in
primary tumors was observed. Importantly, GM-CSF was shown to induce recruitment
of enhanced professional antigen-presenting cells, including DCs and macrophages.

25 The present results demonstrate that targeted manipulation of the immune TME
with Leg-NP-CDDO combined with a HER-2 DNA vaccine (pNeuTm) essentially
prevented breast cancer recurrence in the mouse tumor model. Combination therapy
also significantly improved anti-tumor CTL responses of CD8" T cells, when compared

with mice receiving single therapy alone. Furthermore, mice treated with the



wi th Leg- NP- CDDO conbined with a HER-2 DNA vacci ne (pNeuTn) essentially
prevent ed breast cancer recurrence in the nouse tunor nodel. Conbination

t her apy awveaoriigmi7si cantly i nproved anti-tunor CTL responsas2afi/oSR87' T
cells, when conpared with mce receiving single therapy alone. Furthernore,
mce treated wwth the - 30 - conbination therapy showed enhanced CTL
responses specifically against primary tunor cells, but not HER-2-

endot helial cells, thus denonstrating a tunmor antigen specific i mune
response. Inportantly, the conbination therapy del ayed tunor growh after
re-challenging wwth HER-2 ' primary tunor cells and protected agai nst
recurrence 5in 40% of mce. These results3glearly denonstrate that
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the toxipgty cpfectkeBYanproving the anti-tumor effects of cancer vaccine therapy and preventing
cancer recurrence, Leg-NP-CDDO represents a potentially useful therapeutic compound
that can ultimately improve the efficacy of cancer immunotherapy to increase lifespan

and health of cancer patients.

20 In summary, a novel legumain-targeted PEG-liposome NP capable of highly
efficient drug payload delivery to solid tumors iz vivo has been developed. Coupling to
RR-11a significantly enhanced NP uptake by tumor cells under hypoxic stress, a
hallmark of solid tumors, due to a marked increase in the number of legumain binding
sites on the surface of tumor cells. This phenomenon, in conjunction with the high

25  Dbinding affinity of RR-11a for legumain, facilitates the specific homing of drug loaded
RR-11a" NPs to solid tumors in a therapeutic setting, reducing non-specific
accumulation in the liver and heart, thus eliminating undesired drug toxicity.
Importantly, drug delivery by RR-11a’ NPs not only eliminated the toxicity of lethal

doses of doxorubicin, but also increased the sensitivity of tumors to low doses of



doses of doxorubicin, but also increased the sensitivity of tunors to | ow
doses of -31 - doxorubicin, thus reducing the anount of drug required to
achi eve awmoebf2asti?de antitunor response. The tunor m cr @emuiseanens? ( TVE)
medi at es i mmune suppression resulting in tunor cell escape fromi mune
surveillance and cancer vaccine failure. | mune 5suppression is nedi ated by
the STAT-3 transcription factor, which potentiates signaling in tunor and

i mmune cells. Since i mmune suppression continues to be a major inhibitor of
cancer vaccine efficacy, we examned in this study whether therapeutically
targeted delivery of a synthetic STAT-3 inhibitor to the TME, conbined with
a HER-2 DNA vacci ne can i nprove imune supyeillance against HER-2 ' breast
cancer and prevent its 1Orecurrence. The |igand-targeted nanoparticle (NP)
encapsul at i ngio05HIR, 'tﬁﬂs@@a‘d %h@fanﬁﬂﬁt Wﬁé@%ﬁufré&’ﬁ%hf&@e L cGaRRRRL OF
specific delivery to the TME I ch denonsttated an effective therapeutic
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an effective therapeutic inhibition of STAT-3 activation in primary tumors.

Furthermore, treatment with these NPs resulted in priming of the immune TME,
characterized by increased IFN-y, pSTAT-1, GM-CSF, IL-2, IL-15 and IL-12b and

15 reduced TGF-B, IL-6 and IL-10 protein expression. Additionally, significantly increased
tumor infiltration by activated CD8" T cells, M1 macrophages, and dendritic cells was
observed. These changes correlated with delayed growth of orthotopic 4TO7 breast
tumors and, when combined with a HER-2 DNA vaccine, prevented HER-2" primary
tumor recurrence in immune competent mice. Furthermore, anti-tumor T cell responses

20  were enhanced in splenocytes isolated from mice treated with this combination therapy.
Together, these data demonstrate effective protection from cancer recurrence through
improved immune surveillance against a tumor-specific antigen.

The tumor targeting NP’s of the present invention have significant clinical

applications since the RR-11a” NPs used to encapsulate doxorubicin and CDDO-Im can

25 also be applied to encapsulate other drug compounds, including drug combinations such
as doxorubicin and taxanes, which would virtually eliminate differences in their
pharmacokinetics. This technology advances the current state of drug delivery and
chemotherapy, providing a means for reducing the biologically optimal drug dose

required for an anti-tumor effect while at the same time eliminating undesired systemic



as doxorubicin and taxanes, which would virtually elimnate differences in
their pharmacokinetics. This technol ogy advances the current state of drug
del i very wodoismosher apy, providing a neans for reduci mgTiuseo1hiosd2egi cal |y
optimal drug dose required for an anti-tunor effect while at the sane tine

elimnating undesired systemc - 32 - toxicities, which could
significantly inprove health and quality of |life of cancer patients. - 33
- VWE CLAI M 1. An aqueous tunor-targeting |iposone nanoparticle

conposition conprising a | egunmai n-targeting lipid adm xed with one or nore
other mcelle or 5vesicle-formng lipid materials in the formof |iposone
nanoparticles dispersed in an aqueous carpper, and optionally encapsul ati ng
an anti-tunor chenotherapeutic agent within the |iposone nanoparticles; the
| egumai n-tar I i portion
covalently a? f?}ga{%:lﬁgsd thg&gC&%g% gra?iggntﬁﬁ%%‘%nﬂoélg 8 aHd’E}ﬁa‘?WQth.é dfr? Q%%aeous
t unor - t ar get ipagerlts.posone nanoparticle conp05|t|on 10conpri sing an aqueous
di spersion of |iposonme nanoparticles optionally encapsul ating an
anti-cancer chenot herapeutic agent; the |iposone nanoparticles conprising
(a) a legumain-targeting lipid conponent, (b) a zwitterionic lipid
conponent; (c) an am no-substituted lipid conponent; (d) a neutral lipid
conponent; and (e) pol yethylene glycol- conjugated |ipid conponent; the
| egumai n-targeting |lipid conmponent conprising a 15hydrophobic |ipid portion
covalently attached to a | egumai n-bi ndi ng noi ety. 3. The conposition
of any one of clains 1 and 2 wherein the | egunmaintargeting |ipid conponent
conpri ses | egunai n-bi nding noi ety covalently attached to a

2-di acyl gl ycer o- phosphoal kanol am ne group.




4. The conposition of claim3 wherein the 1, 2-diacyl gl ycero-
20phosphoal kanol am ne is 1, 2-di ol eoyl -sn-gycer ol - 3- phosphoet hanol am ne
(DOPE). WO2012/B117Fhe conposition of any one of clainms PCThiseumglose2swher ei n
t he | egumai nbi ndi ng noi ety conprises an aza-Asn M chael acceptor-type

| egumai n i nhibitor. 6. The conposition of any one of clains 1
through 5 wherein the | egunai nbi ndi ng noi ety conprises a group represented
by Forrmula (I): 25 - 34 - which is an aza-Asn M chael acceptor-type

| egumai n i nhibitor. 7. The conposition of any one of clains 1
through 6 wherein the | egumai n5targeting |ipid conponent conprises a
conpound of Forrmula (I11): 0 -38-The conposition of any one of
claims 2 through 7 wherein the zwitterionic 15li pid conponent (b) conprises
al,2- d|acylghEQ§%glpposphochol|ne conmpound. 9 The conposition of
cIa|n18 wherein e 1, 2-di acyl gl ycer o- phosphochol i ne conpound conpri ses
1, 2-di - (9Z-oct adecenoyl) - sn-gl ycer o- 3- phosphochol i ne (DOPC) . 10
The conposition of any,_one of cl ai . through 9 wherejn the ..

ami no- substi t ut ed It i pf ¥t YYFEPEH T'Fsge%%&ﬁ??og“é%naémpamde composition

1, 2-di acyl gl yempeisiBaIahediKanred iy lﬂﬁ‘d SAEREP WHhDne or more othér midd€le or

conp05|t|on of claim 10 wherein the 2-di acyl gl ycer ophosphoal kanol an ne
conpound TonpesiskesfomopE lipid materialy dn thprferm, offipesonicanneparaelys disgeresd iskai s 2

through 11 m@aﬁeeolug clérmleer %%H pgonallyr)engap%gl 11%? &0 Emtg g&mor crl{grno %?apce;u 1cI aegse%{3 rol.

within the liposome nanoparticles; the legumain-targeting lipid component comprising a
hydrophobic lipid portion covalently attached to a legumain-binding moiety.
2. Anaqueous tumor-targeting liposome nanoparticle composition
10 comprising an aqueous dispersion of liposome nanoparticles optionally encapsulating
an anti-cancer chemotherapeutic agent; the liposome nanoparticles comprising (a) a
legumain-targeting lipid component, (b) a zwitterionic lipid component; (c¢) an amino-
substituted lipid component; (d) a neutral lipid component; and (¢) polyethylene glycol-
conjugated lipid component; the legumain-targeting lipid component comprising a
15 hydrophobic lipid portion covalently attached to a legumain-binding moiety.
3. The composition of any one of claims 1 and 2 wherein the legumain-
targeting lipid component comprises legumain-binding moiety covalently attached to a
1,2-diacylglycero-phosphoalkanolamine group.
4.  The composition of claim 3 wherein the 1,2-diacylglycero-
20  phosphoalkanolamine is 1,2-dioleoyl-sn-gycerol-3-phosphoethanolamine (DOPE).
5. The composition of any one of claims 1 through 4 wherein the legumain-
binding moiety comprises an aza-Asn Michael acceptor-type legumain inhibitor.
6.  The composition of any one of claims 1 through 5 wherein the legumain-

binding moiety comprises a group represented by Formula (I):

"’ @*JYVKN;

25

(@]
II|||



2513. The conposition of any one of clainms 2 through 12 wherein the

pol yet hyl ene gl ycol -conjugated |ipid conponent (e) conprises a polyethyl ene
gl ycol - conpurgetmsdi’i, 2- di acyl gl ycer o- phosphoal kanol anm ne PCofseunas50287 14.
The conposition of claim 13 wherein the polyethylene glycol -conjugated

1, 2-di acyl gl ycer o- phosphoal kanol am ne conpound conpri ses

1, 2-di ol eoyl -sn-gycerol - - 35 -

3- phosphoet hanol am ne- N- [ net hoxy( pol yet hyl ene gl ycol] wherein the

pol yet hyl ene gl ycol portion of the conmpound has an average nol ecul ar wei ght
of about 2000 atom c mass units (anu). 15. The conposition of any
one of clains 2 through 14 wherein the 5ceqponents (a), (b), (c), (d) and
(e) are present in the |iposone nanoparticles in a nolar ratio of
(a):(b):(c):(d):(e) of about 1.1:6.7:6.7:2.2:1 16. The conposition of
any one of clains 1 through 15 wherein the |iposone nanoparticle

conposi tion encapsul ates an anti-cancer chenotherapeutic agent.

17. The conposi.t.ion of claim 16 wherein the ant.i-cancer chenot herapeutic
10agent c Og S‘E@é“d‘&%? éﬁ é\:;lr]lﬁljl'qfrl acceptor-type legumain llﬁl 1tor. P

1-[2-cyano- 3-, 12- di oxgg |c6ﬁ‘1@651ﬁ®196ﬁ-@n)y’dﬂe%’i"cl?a§ns OyirbigH 6ahetetn (ERXanm--

18. The conp05|t|on of claim 16 wherein the anti-cancer chenotherapeutic
agent corfpr i sergctang lipid sempereent eerppiied a semgewetoffirasmutaé)gr oup consi sting of
cisplatin; carboplatin; oxaliplatin; mechloretham ne; cycl ophospham de;

chloranmbuci|; 15i fosfam de; 5-fluorourjcil; floxuridine; cytosine
ar abi nosi de; _mer capt opuri ne; th ogmgg%mgg azat hi opri ne; fludarabi ne;
si de phos o i.posi de;

to
ansacrine; paclitaxe b9<{ex e; _trmneth\pr|n1 pyﬂlne hani ne;
penet r exed; Y aX|n cgrva angtggfa n™engostatin;® “squal am ne; an
antlanglogenlc tryp -Ianyl t- RNA syt het ase peptlde fragnent bevaci zumab;
20t i vozarl b; vandetani b; vatal anib; alenfuzunab cet uxi mab; gemnt uzumab;
i britunonmab; pantitununmab; ri . trastuzumab;
actinonycin; bleonycin; phkica . epi rubi cin;
daunor ubi ci n; val rubicin; idar b|C|n) ursollc acid;, a
2- cyano- 3, 12- di oxool eana- 1, 9-di en-28-0i c ester, a 2-cyano-3, 12-
di oxool eana-1, 9-di en-28-0i ¢ am de;

1-[2-cyano-3-, 12- %I Oxﬂ?el c%%]paom 10n(01'121y OnS Of c%alrns 2 through 7 wherein the zwitterionic

pentostati n; cladrlblne e

15 lipid component (b) comprises a 1,2-diacylglycero-phosphocholine compound.

9  The composition of claim 8 wherein the 1,2-diacylglycero-phosphocholine
compound comprises 1,2-di-(9Z-octadecenoyl)-sn-glycero-3-phosphocholine (DOPC).

10 The composition of any one of claims 2 through 9 wherein the amino-
substituted lipid component (¢) comprises a 1,2-diacylglycero-phosphoalkanolamine

20 compound.

11. The composition of claim 10 wherein the 1,2-diacylglycero-
phosphoalkanolamine compound comprises DOPE.

12.  The composition of any one of claims 2 through 11 wherein the neutral
lipid component (d) comprises cholesterol.

25 13.  The composition of any one of claims 2 through 12 wherein the
polyethylene glycol-conjugated lipid component (e) comprises a polyethylene glycol-
conjugated 1,2-diacylglycero-phosphoalkanolamine compound.

14. The composition of claim 13 wherein the polyethylene glycol-conjugated

1,2-diacylglycero-phosphoalkanolamine compound comprises 1,2-dioleoyl-sn-gycerol-



250yl ] i m dazol e (al so known as CDDO-1n); as well as physiologically
acceptabl e salts and prodrugs thereof 19. The conposition of claiml16
wher ei n twWe 2bizBsse nanoparticl e conposition encapsul aP€3/lsn01a/05028T unor
agent. - 36 - 20. The conposition of claim19 wherein the anti-tunor
agent is an agoni st or antagoni st of a receptor or a receptor |igand

i nvol ved in tunor grow h. 21. The conposition of any one of clains 1
through 20 for use in treatnment of a tunor. 522. An aqueous tunor-targeting
| i posome nanoparticle conposition conprising an aqueous di spersion of

| i posome nanoparticles encapsul ati ng an antitunor chenot herapeutic agent
within the |iposone nanoparticles, the |iLp®sone nanoparticles conprising
(a) a Iegunain targeting lipid conponent, (b) a zmﬁtterionic lipid

conponent ; Iﬁé‘ﬁ%@c{@tﬂhﬂoﬁﬁﬁﬁé Nt M&l%éyyg%m&tﬁﬁ&&% flgr)emath@ﬁ%'lg klte!_n'e lto'hcei

1OConponent pol yet hyl ene gl conj ugat e |p| ;

| egumai n- talgyseiol p@mbn pf thecomponehbascomyerage n@l@:uluydwe@hoﬁabpult 2P0Qatpmict i on
covalently attache ? | egunai n- bi ndi ng noi ety. 23. The

conposi tion 6W“§PQ| aﬁ%‘mhereln the | egunain-targeting lipid conponent

conpri ses | egumai Nsbi Mgk Qe PBNiESY o LY 8 BF bMirRS 2 af [DwRerdindhe
15di acyl gl ycer o- phosphoal kanol am ne group 2 The conposition of

cl ai m 23 whercempongngs (&),Xby |(<a)c§d)gn¢é@ra®€p1>r@sthuaﬂhkém$@m mesopayticles in a molar
12 8ol s MG AR A as (002 e
aza- Asn M chael ageeptrag c@r&ip@suhﬁgwmlyfbnb RhtRIhOT thré®dbl5 Théeecdanphpdsohen of
claim 22 wherein the | egunal n-bi ndi ng noi ety conprises a group represented
by Fornula ( |nfmopartlcle composition encapsulates an anti-cancer chemotherapcutic agent.

17. The composition of claim 16 wherein the anti-cancer chemotherapeutic

10 agent comprises doxorubicin or 1-[2-cyano-3-,12-dioxooleana-1,9(11)-dien-28-
oyl]imidazole (CDDO-Im).

18. The composition of claim 16 wherein the anti-cancer chemotherapeutic
agent comprises at least one compound selected from the group consisting of cisplatin;
carboplatin; oxaliplatin; mechlorethamine; cyclophosphamide; chlorambucil;

15 ifosfamide; 5-fluorouricil; floxuridine; cytosine arabinoside; mercaptopurine;
thioguanine; azathioprine; fludarabine; pentostatin; cladribine; etoposide; etoposide
phosphate; teniposide; amsacrine; paclitaxel; methotrexate; trimethoprim;
pyrimethamine; pemetrexed; vitaxin; anecorvate; angiostatin; endostatin; squalamine;
an antiangiogenic tryptophanyl-t-RNA sythetase peptide fragment; bevacizumab;

20 tivozanib; vandetanib; vatalanib; alemtuzumab; cetuximab; gemtuzumab; ibritumomab;
pantitumumab; rituximab; tositumomab; trastuzumab; actinomycin; bleomycin;
plicamycin; mitomycin; doxorubicin; epirubicin; daunorubicin; valrubicin; idarubicin);
ursolic acid; a 2-cyano-3,12-dioxooleana-1,9-dien-28-oic ester, a 2-cyano-3,12-
dioxooleana-1,9-dien-28-oic amide; 1-[2-cyano-3-,12-dioxooleana-1,9(11)-dien-28-

25 oyl]imidazole (also known as CDDO-Im); as well as physiologically acceptable salts
and prodrugs thereof.

19. The composition of claim 16 wherein the liposome nanoparticle

composition encapsulates an anti-tumor agent.



which is an aza-Asn M chael acceptor-type |legumain inhibitor. - 37 -

27. The conposition of claim22 wherein the |legumain-targeting lipid
conmponentwOap1208mrsi ses a conmpound of Fornula (11): 50 PCTAJS2011/0502828. The
conposition of claim?22 wherein the zwitterionic |ipid conponent (b)
conprises a 1, 2-di acyl gl ycer o- phosphochol i ne conpound. 29. The
conposition of claim28 wherein the 1, 2-diacyl gl ycero- 15phosphocholine
conmpound conprises 1, 2-di-(9Z-octadecenoyl)-sn-gl ycero-3- phosphocholi ne

( DOPC) . 30. The conposition of claim 22 wherein the

am no-substituted Iipid conponent (c) conprises a

1, 2-di acyl gl ycer o- phosphoal kanol am ne conpeund. 31. The conposition
of claim 30 wherein the 1, 2- diacylglycero- 20phosphoal kanol am ne conpound
comprises DCPE. 30, ThdQomIBeiGPORISH {fnGkinthebM-AZndELRIaf Borgut r
l'i pid component (d) conprises c stero . The conposition of

cl ai m 22 whenrefagotikeofpokyaptdryor enecegtqrdlghnctmwplygdmemmqr }grcd)vtho nponent (e)
conprlses a pol yet hyl

2-di acyl gl ycero @EB ﬁgfggésgtllﬂ}} %{an{g)ag 8%@5%1 through 20 for use in treatment of

a tumor.

5 22.  An aqueous tumor-targeting liposome nanoparticle composition
comprising an aqueous dispersion of liposome nanoparticles encapsulating an anti-
tumor chemotherapeutic agent within the liposome nanoparticles, the liposome
nanoparticles comprising (a) a legumain-targeting lipid component, (b) a zwitterionic
lipid component; (c) an amino-substituted lipid component; (d) a neutral lipid

10 component; and (¢) polyethylene glycol-conjugated lipid component; the legumain-
targeting lipid component comprising a hydrophobic lipid portion covalently attached to
a legumain-binding moiety.
23. The composition of claim 22 wherein the legumain-targeting lipid
component comprises legumain-binding moiety covalently attached to a 1,2-
15 diacylglycero-phosphoalkanolamine group.
24. The composition of claim 23 wherein the 1,2-diacylglycero-
phosphoalkanolamine is 1,2-dioleoyl-sn-gycerol-3-phosphoethanolamine (DOPE).
25. The composition of claim 22 wherein the legumain-binding moiety
comprises an aza-Asn Michael acceptor-type legumain inhibitor.
20 26. The composition of claim 22 wherein the legumain-binding moiety

comprises a group represented by Formula (I):

) \?«/H’/“\J\NH
25 < > /O*< © 'L\n/\/u\;\
0]

which is an aza-Asn Michael acceptor-type legumain inhibitor.



34. The conposition of claim 33 wherein the polyethyl ene glycol -conjugated
1, 2-di acyl gl ycer o- phosphoal kanol am ne conpound conpri ses

1, 2- di ol ew9l20203gy76er ol 3- phosphoet hanol am ne- N- [ net hoxy Ppolusetihpbese

gl ycol] wherein the polyethylene - 38 - glycol portion of the conmpound has
an average nol ecul ar wei ght of about 2000 atom c mass units (anu).

35. The conposition of claim 22 wherein the conponents (a), (b), (c), (d)
and (e) are present in the |iposonme nanoparticles in a nolar ratio of
(a):(b):(c):(d):(e) of babout 1.1:6.7:6.7:2.2:1 36. The conposition
of claim 22 wherein the anti-cancer chenotherapeutic agent conprises
doxorubicin or 1-[2-cyano-3-,12-di oxool eapa=1, 9(11)-di en-28- oyl ]im dazol e
(CDDO- 1 M) . 37. The conposition of claim22 wherein the anti-cancer
chenot her apeuti c 1gaggqt c&ﬂ?&ﬁﬁoﬁ?&f &ém! %he@fﬁ%& %‘gﬁ&'&ﬁ%%hﬁgiigﬁi from the
group consisting of cisplatin; carboplatin; oxaliplatin et ham ne;
cyclophosphammd@pn@hKﬁnanmumwﬁxanM@mhdanemnﬁa(Mhorour|C|I, fl oxuridi ne;
cyt osi ne arabi nosi de; nercaptopurine; thioguanine; azathioprine;

fl udar abi ne; pentostatin; cladribine; etoposide; etoposide phosphate;

t eni posi de; ansacrine; paclitaxel; nmethotrexate; trinmethoprim
15pyri nmet ham ne; penetrexed; vitaxin; anecorvate; angiostatin; endostatin;

squal am rfe; an anti angi ogeni c trypto hanyl -t - RNA sythetase pepti de
fragment; bevaci zumab; t|v ,a%hgg vandet ani b; vatala i b, al entuzunab;

cet uxi mab; gemuzmmb r b;; paptitunu b ﬁﬂTmbRtomtumwmb
trastuzunmab; Hptl CI | eorfyci n; i X mycy_n; doxor ubi cin;
epi rubi ci n; auno val rubicinj i arubicim), 20ur36P|c acid; a

2- cyano- 3, 12- di 0x00 -ana 1,9-dien-2

S ester, a 2-cyano-3, 12-
di oxool eana- 1, 9-di en-28-0i c anlde

1-[2-cyano-3-,12-dioxoo|ean_- i epc 28- i m dazol e (al so known as
CODO- 1 m1i0 as well as phV%ldf glcally acceptabl e salt rodrugs t her eof
38. The conposition of clainyY22 wherein the |iposone nanoparticle

25conposi ti on encapsul ates an anti-tunor agent. 39. The conposition

of claim 38 whereim t g i a
g "Iﬁ o gah d&ﬁ%@éf @YEM2 Wherdh tﬁ&%itéhoﬂlc 15 @(ggﬁU@fﬁte @55

receptor or a receptor i nvol ved in tunmor grow
conposi ti on ebmanyesgnk2-cliacylghyarso- Qhasphamlnghnegorﬁmundse in tar geting and

treating of a | eglig?i lﬁlg )égrglggssltllontgofc 06112981658 whgrglaﬁstﬁe 1,2- dlgcgylglycero-
15 phosphocholine compound comprises 1,2-di-(9Z-octadecenoyl)-sn-glycero-3-
phosphocholine (DOPC).
30. The composition of claim 22 wherein the amino-substituted lipid
component (c) comprises a 1,2-diacylglycero-phosphoalkanolamine compound.
31. The composition of claim 30 wherein the 1,2-diacylglycero-
20  phosphoalkanolamine compound comprises DOPE.
32. The composition of claim 22 wherein the neutral lipid component (d)
comprises cholesterol.
33. The composition of claim 22 wherein the polyethylene glycol-conjugated
lipid component (¢) comprises a polyethylene glycol-conjugated 1,2-diacylglycero-
25 phosphoalkanolamine compound.
34. The composition of claim 33 wherein the polyethylene glycol-conjugated
1,2-diacylglycero-phosphoalkanolamine compound comprises 1,2-dioleoyl-sn-gycerol-

3-phosphocthanolamine-N-[methoxy(polyethylene glycol] wherein the polyethylene



41. A nethod of targeting and treating a | egunmai n-expressing tunor
conprising adm nistering to a subject with a | egumai n-expressing tunor an
ef fecti vewarmoi31of a an anti-cancer chenot herapeuti c agemtusenacapeat at ed
wi thin nanoparticles of a tunor-targeting |iposone nanoparticle conposition
of any one of clainms 1 through 40. 542. Use of a tunor-targeting |iposone
nanoparticle conposition of any one of clains 1 through 40 for the
treatment of a | egunai n-expressing tunor. 43. Use of a
tunor-targeting |iposone nanoparticle conposition of any one of clains 1
through 40 for the treatnent of a | egumai n-expressi ng cancer di sease. 10
-38 -
glycol portion of the compound has an average molecular weight of about 2000 atomic
mass units (amu).
35. The composition of claim 22 wherein the components (a), (b), (¢), (d) and
(e) are present in the liposome nanoparticles in a molar ratio of (a):(b):(c):(d):(e) of
5 about 1.1:6.7:6.7:2.2:1
36. The composition of claim 22 wherein the anti-cancer chemotherapeutic
agent comprises doxorubicin or 1-[2-cyano-3-,12-dioxooleana-1,9(11)-dien-28-
oyl]imidazole (CDDO-Im).
37. The composition of claim 22 wherein the anti-cancer chemotherapeutic
10 agent comprises at least one compound selected from the group consisting of cisplatin;
carboplatin; oxaliplatin; mechlorethamine; cyclophosphamide; chlorambucil;
ifosfamide; 5-fluorouricil; floxuridine; cytosine arabinoside; mercaptopurine;
thioguanine; azathioprine; fludarabine; pentostatin; cladribine; etoposide; etoposide
phosphate; teniposide; amsacrine; paclitaxel; methotrexate; trimethoprim;
15 pyrimethamine; pemetrexed; vitaxin; anecorvate; angiostatin; endostatin; squalamine;
an antiangiogenic tryptophanyl-t-RNA sythetase peptide fragment; bevacizumab;
tivozanib; vandetanib; vatalanib; alemtuzumab; cetuximab; gemtuzumab; ibritumomab;
pantitumumab; rituximab; tositumomab; trastuzumab; actinomycin; bleomycin;
plicamycin; mitomycin; doxorubicin; epirubicin; daunorubicin; valrubicin; idarubicin);
20 ursolic acid; a 2-cyano-3,12-dioxooleana-1,9-dien-28-oic ester, a 2-cyano-3,12-
dioxooleana-1,9-dien-28-oic amide; 1-[2-cyano-3-,12-dioxooleana-1,9(11)-dien-28-
oyl]imidazole (also known as CDDO-Im); as well as physiologically acceptable salts
and prodrugs thereof.
38. The composition of claim 22 wherein the liposome nanoparticle
25 composition encapsulates an anti-tumor agent.
39. The composition of claim 38 wherein the anti-tumor agent is an agonist or
antagonist of a receptor or a receptor ligand involved in tumor growth.

40. The composition of any one of claims 1 through 39 for use in targeting and

treating of a legumain-expressing cancer disease.
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-39.

41. A method of targeting and treating a legumain-expressing tumor
comprising administering to a subject with a legumain-expressing tumor an effective
amount of a an anti-cancer chemotherapeutic agent encapsulated within nanoparticles of
a tumor-targeting liposome nanoparticle composition of any one of claims 1 through 40.

42. Use of a tumor-targeting liposome nanoparticle composition of any one of
claims 1 through 40 for the treatment of a legumain-expressing tumor.

43. Use of a tumor-targeting liposome nanoparticle composition of any one of

claims 1 through 40 for the treatment of a legumain-expressing cancer disease.



