1 SELF-ASSEMBLING NANOPARTICLES COMPOSED OF TRANSMEMBRANE PEPTIDES AND
THEIR APPLICATION FOR SPECIFIC INTRA-TUMOR DELIVERY OF ANTI-CANCER DRUGS
BACKGROUND OF THE INVENTION [0001]Liposomes have been evaluated both clinically and
experimentally as a delivery system for administerintlg hydrophobic agents and for mitigating the toxic
effects associated with administration of anti-cancer'drugs such as doxorubicin, vincristine,
amphotericin, and retinoids. The potential advantages of liposome delivery include increased activity

metabolem, AUTA TEVIEEING DYARCHATRA ke DU ol g T B each
metabolism, & i f ' t% ineach
liposome FHRTHRES AN THIEIR/ ARPILOCATEION HrERNSFERIAET S TR0 Ui DAL pRapRIATINS of
anti-cancer agents have been shown to %ﬁﬁ? mﬁmégy and enhanced efficacy compared to
"naked" drugs. Several liposomal forms itumo e been approved by the FDA for
anti-cancer therapy. However, wider use of liposomes is hampered by difficulties in industrializing the

manufacture of liposomes, along BRCIKOROURSDI@IK DHStalNltyNnIONE producibility. [0003]An
alternative delivery system that exhibits the advantageous properties of liposomes, as well as superior

stability, yniformity, ease of use, and reproducihility of preparation, and.that offers smaller size
pariclos oS DB 5 G At AP PO AL AL 3 S SAE Bhcer
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invention grovfldes a process of handllngtﬁehé{rdro%h%blc agih?nt the process o rQ%Esm@(:) l(ﬂaco(rinblnmg
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protein, vi/.herein onedﬁﬁrminus(ﬂ the.E)eﬁ)tid?Oh S one.or morekconsecutive negatively charged
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with liposomes’ lack of stability and reproducibility.

[0003] An alternative delivery system that exhibits the advantageous properties of

liposomes, as well as superior stability, uniformity, ease of use, and reproducibility of

preparation, and that offers smaller size particles than liposomes is needed for administration of

hydrophobic agents, such as anti-cancer agents. The invention provides such a delivery system

and a method of using the system (e.g., for delivery of hydrophobic agents, such as anti-cancer

agents, to a subject). These and other objects and advantages of the invention, as well as

additional inventive features, will be apparent from the description of the invention provided

herein.
BRIEF SUMMARY OF THE INVENTION

[0004] The invention provides a process of handling a hydrophobic agent, the process

comprising: (a) combining in an aqueous solution (i) the hydrophobic agent and (ii) an isolated
peptide which comprises at least 10 amino acids, and is a structural analog of a transmembrane
domain of an integral membrane protein, wherein one terminus of the peptide has one or more

consecutive negatively charged residues,



[0007]Fig. 3 is a graph of percent survival (%) versus days on teatment for three groups of nude mice
intravenously injected with one million MDA-MB-231 breast cancer cells. On the day following the
intravenousWE¥WSAIRIAS the breast cancer cells and continuing twice weell{ {HE2H¢8S /e e
intraperitoneally injected with (1) PBS only (Control); (2) 3 mg/kg of nanoparticles of SEQ ID NO:
1-PEO27 dissolved in PBS (X4-4-6, 3 mg/kg); or (3) 12 mg/kg of nanoparticles of SEQ ID NO:
1-PEG27 dissolved in PBS (X4-4-6, 12 mg/kg). [0608]Fig. 4 is a representation of the structure of a
CXCR4 peptide inside nanopatrticles (SEQ ID NO: 1-PE027) as determined by high resolution NMR.

DETAILEY (hragjlowipg ibnpentideie salizasseribl o denarartiriehashcregithe anepariclsse of

self-assgpabling manRpASIgiesie sed of transmembrane (TM) domains of integral membrane
proteins for the delivery of hydrophobic agents, such as anti-cancer agents. The TM domains of

integral membrane proteins were&reviousl considered to be hi%\%ﬁidroﬁgbic eptides (see, e.g.,
International P& %Hﬁ%iﬁéﬁﬁ BliCHidi BVaBi4d7 YIEWS R R AW, 53. Patent

7,105,488). However, it was surprisingly discovered that, when placed in aqueous solution, peptides

correspegghsg to tiﬁ(f?.TMsd@g? insopFidegiannesmhsang Helang celf pasembisntyasiahie
nanoparticles (micelles). [0010|The nanoparticles are formed by allowing an isolated peptide that is a

structur GorapamartielessaBpHsing e SAIR SR e E Grdisirrrs sofed LuesHilEsiE PaRoparticles.

A "strucigyalgnalpgohd Megg@@jfga(by@&r@[ag[@gi)_to as a "TM peptide") refers to a peptide that is
identical or substantially identical to a portion of a TM domain of an integral 3, membrane protein. The

T™ pepli®@pleferdivty £ohaprant of nervelsnsdh e Lt RereYs Cossair FHon g £5, about 13,

about 14aabputidRs dpaifriba AR S (Y NUPOLPER; Bb@uprtferab@ by 2iciiput BE@IDW@E21 about 23,
about 24, about 25, about 26, about 27, about 28, about 29, about 30, about 31, about 32, about 33,

about 34 ESHifti{reBrespiuGe 8 onsaiaareshout 38, about 39, about 40, about 41, about 42, about 43,

about 44gadut 45iabvw 46 Rt Tca QutviTalaDa i ahgutdOr athang esrtheee eioiat are
identical or substantially identical to, an amino acid s queni)egAc;@T d(g'rrgain of an infsgr membrane
) 0 b 51

protein. A THAGBRERIEHHYCROUS L RHSSERA b e ALY & grneerSe, 17,8, 9,
10, 11, 1Rs dsy IAidbingrtiRNGREERI@OT e0nsE VAl \Beng oide detitilidosrinaipgienf the TM

domain of an integral membrane protein. 10Q111The T ide desirably has terminus that has
one or nEHe JXFDURF KRR FREGHORA Y Jucft ,ﬁ}tﬁ@?%ﬁ%}?ﬁ,@8}%?@1&53&8&%09%5
thereof) n¥¥bpa et NS AGBICONBINS PRGR HdaRcnene BN €4cha gt sdsitluas 3prefenafity the
negatively charged resid r secytive, The negativ s,C e provided by any suitable
manner,oilﬁéﬂoé’?’ﬁkf%oﬁr%\gs@rfpec}%gaibgagt@g }Sa?fi’g%%’%:{&%é@g%%%gﬁ#nus of the peptide
(e.g., by[egojon oF iferesidupskebatistitufidie sfrtheunegH\EXTRAgeDtidthi pditivenopargessesults in
the formatio chl articles with highly variable dia s. Thus, while not wishing to be
bound b&g‘r@%aﬁkéurlxéﬁ ﬁé R %ﬁ?gﬁlé{}%%l%ﬁ éﬁéeﬁf’l%té%%@%e negatively charged residues
(e.g., two aspartate residues) allows the nanoparticles to be uniform in shape and size. Preferably, the

negative charges are preseDEaNEED-BRSGERIEP 01 @ OEOIME. [[OVENWIKINX not wishing to be bound by
any particular theory, it is believed that the TM peptide self-assembles by forming a -loop structure in

aqueous solutions, The loops assqciate mechapism that is similar to that.of amyloid peptide in
amyloid i Ne R/’é’%'ﬂg}’%%és ?f%eg}égi}f-‘f@?r%%gj?é&}ﬁseﬁ%(%%? SFRSRAIRIEE %Yﬁasgé)lr?e the
round shapgmémhb-perlite) tanasttscilinte falapeasantatinotoithfostheoduly afy o {hi@Ralpdptide in
nanoparticles by high resplution NMR is set in Fig. 4. [0013]Preferably, the TM peptide is
combinetERith guﬁ &Fo%%ﬁ?@?fé@ﬁﬁn%ﬁcﬁ%st%wg% i-aggn%fép a?&enlt,mv?/ % aﬁ%grnc%tlesl%\évf& &ncompassed
within therbyidigphobiecidersie toobéheghinbpdriishebiclraptdisapeacapofiitietnttmgivntagents in the

e o AL A P Dt R e BB T B3R Concentate i
tumors ddevtevenhancedperivieghilitisencretemiowléfeptaced in aqueous solution, peptides
corresponding to the TM domains of integral membrane proteins self-assemble into stable
nanoparticles (micelles).
[0010] The nanoparticles are formed by allowing an isolated peptide that is a structural
analog of a TM domain of an integral membrane protein to self-assemble into nanoparticles.
A “structural analog of TM domain” (herein referred to as a “TM peptide”) refers to a peptide

that is identical or substantially identical to a portion of a TM domain of an integral



10014]Accordingly, the invention is directed to a method of handling a hydrophobic agent, which
method comprises (a) combining in an aqueous solution (i) a hydrophobic agent and (ii) an isolated
peptide thatWO28(k 123 analog of a transmembrane domain of an integrdl GTEMBEMES HFBrein,
wherein one terminus of the peptide has one or more negatively charged residues, and (b) allowing
the peptide to self-assemble into nanoparticles, wherein the nanoparticles comprise the hydrophobic
agent. 10015]The TM peptide also can comprise & hydrophilic oligomer, such as polyethylene glycol
(PEG), undecaethylene glycol, polystyrene, polyamino acids (e.g., polyglycine), and combinations
thereof.fmgf@ifﬁ}ﬂﬁrﬂﬁ%‘fhy%}'@p F@éﬁﬁei§r§8ﬁéﬁl¥cfﬂ?ép§‘éﬁ§é%??ﬁgﬁbﬁée{]&m%acﬂgsr@é’ative
charge. Jyhiiter nosw¥ishing A0e 120HRELRY AnpHartisuabthee wbiis DElibse thaisbetaddition of the

hydrophilic oligomer to the TM peptide prevents agfgre ation and promotes formation of particles of
Aor

uniform 2o il A% Bt iSRSt 9yt 2RO SO pRhRH 4t APIFAB 1 The

hydrophilic@lispmesaddedsatha Tdoneptidshean3se syissitaibeuesrythb dviss) shedrydrophilic
oligorner added is PEG, PEGS or greater (e.g., PEGIO PEGl]b, PEG12, PEG15, PEG20, PEG25,

PEG27,2beit 38, thewi3s, phaysd0pabevidt o pReih b et Ydn F&Héésath%%g% B‘nggr%\ ly is used.
adced e ee 3 o areator (e o 8 b T o0, Tor 0, 75 30,35, of rances [Here0)
added is po cine, 3 or greater (e.g., 4, 5, 8,9, , 20, 25, 30,35, or ranges 0
Polyaly R GRLIG ATAPRHE ERie s iy AERR 25300 G BT s ALt
NOtabIypsﬁﬂmym@staé{ﬂm@lmnsei@ém\yeiabmwmﬂg @ggregasion asscammaier 8o R EG tajls of
compara_b e length. 100171 The nangparticles can haye an}:/f]sﬁu'table diam%ter. Pr.efeégt%%,ﬁi
nanopartfeldd-Hdvd % idATEE BELOLLECRIRT A b BHAE OB RS R B SU Y, about 6

run, aboignfaiirbfaRdtemunaduif protedpout 10 nm, about 11 rim, about 12 mu, about 13 nm,
about 14 rim, about 15 rim, abouB}G'anl;y bout 17 nm, ab%% run, about 19 rim,, aﬁlzout 20 rim, about
1! ifh,

25 nm, ABbIA130 niheab el fesia i@?imeéﬁ%mfg SATRRLELIRNESH RMre preferably,
the naneparficdas iaves fetiameles of e @ITS8)9) 1M ahomb) 4itd BGSiitrectM Paptidihdhat forms the

nanoparticles can be any suitaple length. Preferabply, the TM peptide ¢ ises about 10 to about 50
amino alSEHRIRECORBIT PPTABRT LS 88t i%’, Cﬁ&%ﬁ%@?ﬁb%ﬁﬂ%%&%’?ﬁﬁ%?%%%hvte P7, about 18,
about 12hakedtréddaboateZbndativet Ahealuputiad chingut 2dn abortAGedbpuh?6nitbialat 27, about 28,
about 29, about 30hab ut gl, about 32f about %3 abloyt 34, abohlt 35 tabOL{[ 36i’ %?%%'tﬂr‘?’g’ about 38,
about 350U HSD A5 R AT PEESHE2 ST BB RIROLR ST ARG aRA FUigEs §f ranges thereof)
in lengthydptiatofe prefeakiitembodinesiduey Bubpéiptide isf drondghfite cxoge3@ite posabyeut 15 to
about 30) amino acjds.in Jength. In even mare preferred embodiments, the .M peptide is about 20 to
about 25 ﬁ%l'g%‘fjfg 1A éﬁrﬁﬁ%ﬁ%ﬁ? eu%gg? e g]r:FIeCF%rvr‘{ t?l)(gl}r%exgﬁﬁglﬁ‘éapr%f% beptide is about
22 to abohtg Svaiinewidsiig engthhofsdhpany ipaikandap b &ragiyie datiovedfttiae thapoparticles
decreasef

ith decreased length of.the TM peptide.%[lgg6 19]The TM peptide can be a. parti f any
suitable § ttgﬁr‘&?gﬁ%ﬁ? r ngﬁ?gtgﬁégfa(r%ﬁlegwgf%sﬁ a 8#1 gé’lrea %féorr\%ﬁg%ena%rrlg eall%lsal%gcztg%g G

protein-coifdiem i skpienic BER ) Hefeitybiye thb exgasivelthe X @R ATSORE, ORARNdopafine
transportﬁr &Dﬂt\.T , D1 dopamine receptor (D | DR), D2 dopamine receptor, aradrenergic receptor,
131-adréle SR:I eeCeptor, I32-adrenergic receptor, and V2 vasopressin receptor (see, e.g., Herbert et

al., J. BigD0IREm., WHilcl6BB4iHROR (1OP6)nGoprye ptdiculaBloi@hiens. baie:abhe BT (1998);

Tarasova et.al., J. Biol. Chem.. 274(49): 11-34915(1999): an t Pharmacol. Exp.
Ther., 3@7?%1%‘1§ﬁg§af%g§%?%ys%%étlgét%%§%§§? g&%\% frl?t% n%(t)igsr%?%{agt%ﬁt A%%ﬂ%%ﬁ%n Publication
WO 99/433&13teslnyl sABE Haaissp dnte ipsotelmsicsteh cfamylpedpeptila iPagy widfDRI}; MRP1, MRP2,
and BCRP/ABCGZ? (see, e.0., Tarasova et al., . w48 -37 : rnational
Patent Algép%%é %F\%é'@gﬁcagtloansa?g %i‘ﬁgg}tl} a[JBBI@% OT%%%%%%E% ggr%ﬁ&%’?é%gg%%% etC?TM domains
of certaishapeepiiaie! aedtidanspostensthey e/thepresemidioln gfohe atriityreseion GX €t asitidedninhibit
metastasis and/or,angi esis.(e: %RA' ins) @r the ability to inhibit drug resistance of
cancer calls’ -éﬁl%sn%&%égé%%llﬁl%f(i)mamsﬁs. %ﬁ%ﬁ&rﬂ? eghghopartiele_s of the invention can be
administii@tBhlonPofevithly Hyafdgpebiidade pemshirgdpedthwithidrerbolidrgsbbiecbastan anthe
nanoparticles. \Wh 2 i ?ﬂmg ist i YeraphRRic Aget{e 9., an anti-cancer
agent), the coml Ffﬁ%;iﬁ?%%%g%é %{%?o%ﬁg% y agtéi%gr g&%(% r?gnoparticles thetmselves and the

entrappeuimyrintishesbid zeyenitpptiers ef shadusiienietis ageitadh vy nanepaeiolsdliounlivethposomes,

which offor. ARl AGGIe I IRYEGpHBE BapaRaEdes Ak ibmRYapUaR AR INEE QuRIRFtivity, such as

reducing rug resistance of cancer célls, inhiBiting the movément of cancer cells, and inhibiting the
growth of blood vessels in a tumor's environment. 6 [0021]Suitable TM peptides include those
described in International Patent Application Publications WO 99/43711 and WO 01/36477 and U.S.
Patent 7,105,488, as well as
Leu-Leu-Phe-Val-lle-Thr-Leu-Pro-Phe-Trp-Ala-Val-Asp-Ala-Val-Ala-Asn-Trp-Tyr-PheGly-Asn-Asp-Asp
(SEQ ID NO: 1; CXCR4-8),
Asp-Asp-Thr-Arg-Tyr-Ala-Tyr-Tyr-Tyr-Ser-Gly-lle-Gly-Ala-Gly-Val-Leu-Val-Ala-Ala-Tyrlle-GIn-Val-Ser
(SEO ID NO: 2- MDR1-2)



10022]Any suitable hydrophobic agents can be used with the nanoparticles. Suitable hydrophobic
agents include those that can be used pharmaceutically, agriculturally, or industrially. These include
biologically ¥®¢80810%thrwise useful molecules, pharmaceuticals, imagingPgeHiS 08 Pzhufacturing
reagents, as well as precursors and prodrugs of such substances. Preferred hydrophobic agents are
those with biological activity or other utility in humans and other living organisms, such as humans.
These include agents that are therapeutics in medfcine. Examples of such agents include analgesic
and anti-inflammatory agents, anesthetics, anti-adrenergic and antarrhythmics, antibiotics,
anticholifgtiblaMadaiaiisiniRsdtrl sRRAHEOSniRSTRIGR M ATEIRIS ARCRD RBSEAEES Hii-epileptics,

antifungglaind Miﬂr&“@g@@@@@{&m&@%ﬂy@t@gm%m@{muscarinic and muscarinic agents,
antineoplastic agents (i.e., anti-cancer agents&{;‘gntipsychotic a%ents, amtiolytics, harmones, hypnotics

and sed W imMAGFHISIREYe LaRE R HR iR GHSSISHR AgRrie AJRHOPReRIBN blocking
agents, andnWHRAtR Aol BpreRbiNatiabmtheiach 16 sslenahly) hiylayepapbiehiseagent for
use in the inventive methods is an anti- cancer agent. Suitable anti-cancer agents include taxanes
(e.g, palithid) ahiselatedaseidaia s gt <et B?Q%H%ﬁ’(?ﬁ E‘?Qﬁlgﬂﬁfa&% dPatin, retinoids,
imiédazoagéig&@mﬁfarﬂﬁmqﬁ' 'f é@@ﬁ;idiaeh@ﬁn%mt@ﬁhlamm@eqi@ﬁmmaae@m' ﬁ@:{i@&'@f, azgnifide,
and combinations thereof 7 [Q024]The nanopartjcles can comprise targeting agents (e.g,, ligands or
cell rececﬁ‘ﬁfﬁ%dtﬁea‘ﬁéﬁf’tﬁ’édr{gaa BT BP[‘?&H%F? RS .{%H}t‘é ,ﬁ%%sna‘é‘fﬁ%@ﬁbind cell
surface flgcaptopadeiEe¥prassadtie anepaetisccpehe added to the nanoparticles in order to target
specific tumor cells, Suitable ligands include, for example, antibqdies and polypeptides that bind to the
epiderm@rdwth @&?%%‘Bf F ECER) ,CQB}B%WS&%&P@&@ fo %@ﬁeﬁ)?‘fﬁgégrﬁﬁﬁee%‘yiﬂﬁ factor
receptog ol quisbeanmorcHFIRR woeplaso pieytenkipdusiepio gasiripoansippepdde
receptor, ., vasoactive intestinal peptide receptor, gastrin receptar, prostate-specific antigen, an
estrogef é’EﬂHPnﬁ)E%fﬁ% ﬁ%ﬂ;?c% ofgﬁg%{{/‘gﬁl%ﬁ %%8 ga#f%‘ﬁn%ﬁ%%s i égr)‘lln%’%ﬁe
nanopartisieseamprisiagb ehaygs o pWbikcnagensiimg todre botindeycanapatigulralstdjedt.iSuitable

subjects include mammals, such ice, rats, rahbits, ferrets, guinea pigs, hamsters, cats, dogs, pigs,
goats, %&ﬁvﬁgﬁg%ﬁé@@@gﬁaaﬁﬁr&%%ﬁélﬁiﬁﬁ BRI, Or%ﬁar IC%%)E%% BV iRz Wone or in
a compegiliproMdtefohe atburopBpticheeard anifoinisthepd imdcoinephsitionddhidycamabsitifopreferably
isa pharmacef,uticgaflpg?e.g., ?gésiologically acceptable) composition. The composition comprises a
carrier (8’.‘&.1318 f)’ht A&l Wrbr physiologically acceptable carrier) and the nanopartieles. Any
suitable [g8n@&r (e.Thenaidrostilice] RyochYBE) edto ke Bebpearititie the beatextwfabe lemgihtion, and such

carriers well known jn the art. The chojce arj ill be determingd, the particular site
to which%%%ﬁ%‘ggﬁ?g 1}§Ct81}§é)r§8m(§‘%fie%%(}?%%dggé%vgﬁ%ﬁ dta?r eéﬁﬁ’o%%%qe(g?)é@gﬁnister the
composiBa.] SLBOIRSC RGPS, BE GRS, #F GiE rRB300 REATS S5 WtBIS fBEGSS P B{edOo RIpa4fion of the
invention, are known in the art (e.g.,.Remi n's. Pharmaceutical Sciences, h ed. ck
Publishiﬁ&‘?ﬂ%‘%ﬁﬁ%\ﬁ‘yef 'Q&eeftr%’(%ag,y > ggﬁ‘f‘i?‘%& |§1112§II§/? é’%ec?rﬁﬁé‘&%ﬁi% %bgo%é%e additional
active agsstspsuichuagantfeanter lggeophilio0Rigdher nddep aroly gl e chop gstiater (eegedf can be
administered t j treat revent partigular disor, ' I mple, when the
hydrophtgbgt%;kéar??ﬁseléig atr%(l)-’c%%égf %??Jar fﬁg ensv%]ﬁ %or?J r?cI ! %%s%%eg}%??ﬁcﬁ rf%ngtﬁg%(gbeutic treatment
of cancdienlih e fplyriathotisbo il btz w2 ragidvethigeised.inRisihiy, prdyelotifoedadn are
nvasiventee: ?feﬁnlevtea%{%t% u&‘;t”é“g%e%%'c'%?%gw ’ﬁ%&ﬁ?d%%%%i‘i%f’é nfRRBlE iRl RAalting the growth
of tumors, and reducing the'siz umors) and methods of promoting the sensitivity of cancer (e.g.,
tumor cdB§i ward Heugsdpeitinlbitivag try abiijtywiadda demesiis tBrgéreldp, thsistapartisigfugs. One of
skill in the art can readily.deterrnine th i IC. a . LGARGE! agent) to be
included 1 the ﬁ%rﬁg%ér#c egglgzgsréﬁ é%%ﬁ@é%bé@ge?%%%%@ggf %g%gstgégise o’?z[g))trbe‘%/iér]]ted. Preferably,
the diseabeubr7disuraBnisScamcebosti®nas dbnytddhues abraddilganceboprdStare. eékaubl 3Head and neck
cancer, KRIIA SRR 3K G ARode PSR 6BACPT BRNER RGN Bho PP AR SBLER DG

colorecta cancerr,nﬁi ey cancer, cervical cancer, gastrointestinal cancer, and combinations thereof
100281 Tive, R ticiestartitdoom pbgm&ﬁ_mm@bﬁmé_fémwtm 48l mimi stetsengsaribesendiect in a
therapeylicaly efigaie sIrRM-RdiReRRNcalnRiacMABRRUIh RIGE [P ANAOUN Of he

nanoparticles ‘necessary to treat or prevent the particular disease or disorder. For example, when the

nanoparf#d8lcomphisel Mhrentidaihes i ihananapgstickee i Faay adghlsusnedhers to the amount
Of the naeRall ,%rfeomrﬁmd@mpmﬁm@qe% R866FSINIRINE EhmothesaPetligtrgatment of

cancer, such as the inhibition of the proliferation, invasiveness, or metastasis of tumor cells, the
inhibitior! &f 2benbr dretant hderuhESiriBRide oo $8nabouity HrabentdP16Reit 2 s a98 HyZihhibiting
the ability of cancer cells to develop resistance to drugs. The appropriate dose of the nanoparticles or
composition thereof depends on the particular anti-cancer agent encompassed in the hydrophobic
center of the nanoparticles and/or the particular TM peptide forming the nanoparticles. [0029]Any route
of administration can be used to deliver the nanoparticles to the subject. Suitable administration routes

include intramuscular injection, transdermal administration, inhalation, topical application to tissue
(e a trimor ticerie)l intratiimoral adminicetratinn and narenteral adminictration (e A intravvenpiic



[0030]The following examples further illustrate the invention but, of course, should not be construed as
in any way limiting its scope. EXAMPLE 1 [00311This example demonstrates that the nanoparticles of
the inventioWR288§/M1§¥b¥ shape and diameter. 9 [0032]Peptides comprisifgiAS B3 ARd
sequences of SEQ ID NO: 1, SEQ ID NO: 2, SEQ ID NO: 3, SEQ ID NO: 4, and SEQ ID NO: 5 were
synthesized. Additionally, a peptide comprising the amino acid sequence of
Leu-Leu-Phe-VaI-IIe-Thr-Leu-Pro-Phe-Trp-AIa—VaI%sp-Ala—VaI-AIa—Asn-Trp-Tyr-Phe-GIy-Asn-Lys-Lys
(SEQ ID NO: 6), which replaces the two negative%@charged aspartate residues at the end of SEQ ID

NO: 1 wiltPHl82p 8ERNIcH Ahag oo rosithisd ARadbsifhthe 800, 380w Riabewiéle solubilized in
DMSO teyiald B210aim salutiess DaOsatokwisesikied, wibuphosrhaiesutissadsaline (PBS) to

produce 0.05-0.5 mg/ml solutions. Two il of a sample were applied directly on microscopy grids,
& A

air-driechstaide abRH! S 5APRUAY 20 ShAtT e fnii S (oday: AharHeR ahidsl hitAPE 33 itaeIsPH 000
electron; gD SHORRIEONBAHAYPERLEETHMIR, IREOANEY dharassend Rraskiger seall Arpeparticles

(4-15rimin diameter)) as demonstrated by transmission electron microscopy. However, the

nanoparkicORH 0 RERe asifsin {HS SHHMRE PRfTIgs rRRgHEr e e M metibRtered for

different; gas@nEes ABcENBWEL R saaiirarheegrer of vasiabditydR0R%] smbstiuiansoftRegative
charges with positive charges (as in SEQ ID NQO: 6) resul,tetfl in the formation of much large particles

with higMY RS EBEPHEmIR AR AR hAaHRINY P IS JRLCRA AP FIG YoSRIEE8BR!B e terminus of

the TM peptides saviithdmineainaickabaaropditides afrlatively LmiEorM pbpRgsand diameter.
EXAMPLE 2 50036 This example demonstrates that additjon of h droPhiIic oligomers affects

nanopartt&%ggrebtidN! RSEZAA-RAHBHAIRCTHRGHERY G SRR ORISR (With the amino
acid sequensples StERIHDINRtebta faembhedqtowing ihQd B MoteinRbpldd BEHi? (WOCRPEG27;

(e.0. PO FSERAHSHLH (R TIa hOy Vid ORRFRE TRk A At eptde
(e.g., P ; red Bi eptide
synthesiggpa@ne giespief MDRYHPESEkine eptdh eyabiesbeio)resdpoa® Nidhine@)2 7-COOH

NovaBioch dissolved in 10 ml N-methyl-2- li MP [ iti f
O st 40 e el () S seae oo

(O-benzatrigzolg; NEYSh tis3tar (b} IGevtB-hexaflLBiornhbeph ) BoBBOZHe (9s8RZO0le) in
e O e A ol hor S 155 S YT J0818° 10881200008 BF) yere added to the
Pharmacol. Exp. Ther., 307: 481-489 (2003); U.S. Patent 7,105,488; and International Patent
Application Publication WO 99/43711), and ABC transporter proteins, such as P-
glycoprotein (P-gp or MDR1), MRP1, MRP2, and BCRP/ABCG2 (see, €.g., Tarasova et al.,
J. Med. Chem., 48: 3768-3775 (2005); International Patent Application Publication WO
01/36477).
[0020]  Nanoparticles constructed from the TM domains of certain receptors and
transporters have their own biological activity, such as the ability to inhibit metastasis and/or
angiogenesis (e.g., CXCR4 TM domains) or the ability to inhibit drug resistance of cancer
cells (P-gp and ABCG2 TM domains). As such, the nanoparticles of the invention can be
administered alone or with a hydrophobic agent entrapped within the hydrophobic center of
the nanoparticles. When the nanoparticles are administered with a hydrophobic agent (e.g.,
an anti-cancer agent), the combination of the two biologically active agents (the nanoparticles
themselves and the entrapped hydrophobic agent) offers the advantage of dual activity. In
other words, unlike liposomes, which offer only a delivery device, the nanoparticles of the
invention have their own activity, such as reducing the drug resistance of cancer cells,
inhibiting the movement of cancer cells, and inhibiting the growth of blood vessels in a

tumor’s environment.



10 left on a shaker for 18 hours. For longer PEG molecules, like Fmoc-NH-(PEG)38-COOH, the
procedure was repeated starting from deprotection on the synthesizer. PEG38 was obtained by
sequential CYV@ANG/BBMIEG11 and PEG27. The resin with the PEG molecul®R(d7BEXW&d8&Egth was
washed with NMP and dichloromethane, dried, and used for subsequent construction of TM domain
chains by solid phase peptide synthesis on a 433A Applied Biosystems Peptide Synthesizer equipped
with a conductivity monitoring unit utilizing Fmoc afnino acid derivatives. Since all peptides contain Asp
residues that are prone to aspartamide formation upon piperidine treatment during deprotection, the

synthes[B82has reprisajrient Mepersidecindudpibestdsscmbri/ip bieraatinnpobatew AwBeatiovent
deliveryg{[BRs.ysre GRIYGeH1q anhiqrs 617nel ePRcETHISLPRG: HP6Y, 988)-4M duHng deprotection.

[NMIThe addition of HOBt completelg prevented aspartamide formation that is usually accompanied by
a

the appégtahes-Bhprialbe Thnlasiad e d pipdadabAsriitia )V slofdausnmiardeg dhenass spectra.
Peptideg;yye}&%lgg%yg%g@@@mq@@ with g pigirifluoroacetic acid containing 5% water, 5%

thioanisol,”and 2.5 A-trlls%opylsilane (T1S), precié)itated with cold diethyl ether, washed five times with

ether, andRMsB Ry tRmYE/EGHT IvediacierSinle Sl DlrGleréahlmel Pyl tta-dnni

preparafiyedid w230, oA HNG.G3NayREe)Phase column (Agilent, Palo Alto, CA) in a gradient of
0.05% trifluoroacetic acid in water and acetonitril containing 0.05 % trifluoroacetic acid. The fractions

were anbfz88-ByiohasayveMs otz aghentp1 b EheShrdhirhem (AgherS o =ignfdica) with
the use gf Zabax (3 Axprasheliipolimn angha gradient of 0.1 acetic acid in water and acetonitril. Only

fractions containing more than 95% pure R}roduct were combined and freeze-dried. TheMpurity and
p

structuré>WRsRETITRR e RoAsAMG -y voredpY 2l Leemes i YabXalidie oy 2brddst ddaaNalytical

column.@MWW@E@QQ@@@QQMﬁ@M%&ength were assembled on the peptide synthesizer by
step-wide sgnthesis utilizing standard Emoc-protocol with HBTU/HOBt activation. Preloaded Gly-resin

(Applied8iE8s < mErulde-filePr-the U mat e pdlet et dorihie fhd Yhmardl SrytRSphilic tail
length op, A@pmlm@ggtmmeldggree of aggregation was determined by multi-angle light
scatterin g}gr TM peptides with the amino acid sequences of Sg%ID NO: 1',SEQ4%D’1,NQIE:e 1-PEG11;
SEQID iﬂ@?‘.zf].- PEASY S UEiEble BYiePhopig agsais oy §%@?§W Theaanepsgiclgo R peptides
were digspivsshibie MeeandidiyiedwithaOchdbd tisetiphbbndtvuledly, Adyitalpiavigerd.4 mg/ml

peptide solutions. This was used fqr furjtth[},dilutions. Tlt?ée 11 final c ncierg[\l;@tion of DMSO was either
2.5% or RAEHIMNEt B5RSIRAMILT BIP RtR NG i FeOE OV PR UEAM BIBEGRTE sonicated at maximum

intensitysigirHadpitiigs aneoiel atsagmiempadidierheraighitabouelthpricubsiorend
measurements). The following day, the samples were centrifuged at 132Q0 rpm for 30 minutes.
[0043]L BRCEEAREFiRF L SPEATHES RETETRABIERIYS b5k e e HEEL R e
TechnolggyiterailiBaniaBabamdGheatinilseradveigngth af 6ammms. Thesk Sokidcigemas
connected with an Agilent 1100 HPLC system (Agjlent Technologies, Palp Alto, ..JThe MALS
eteotor 1R e T ARRE GRS Qe TR Gore & R L IRRIS SR Lo, W, which
was filterefl-irasiehya 04 bhdiaios: 2hinaigarigivenduraneaijwndad shabiotesalized with albumin

(bovine) 98% monomer (Sigma Chemicals, St. Louis, MQ). The data wer. collect{ed and processed
g AGPA MBI A L T SERRUT) SAst PR SRR o GtaTATHe molecular
weight ofghieppieptidei Aggrd gatksntinidhegaggregatippestaisive gaicspahtitehstaeiastisathents were
performed. In hrief, solvent was delivered ttgr%xgh thte_HPLC \AS%Stteﬁ:thfs?%ﬂn tgee(r:l%lumn
compartBHEEVS #ER0 Pa S AP BETAUART 0002 FEARHIEE AHA direrant peptide toncentrations were
injected shravighichehbitloGes)hgpantipleant sedpivplidemooncenpptessiveverdiamlyradtive., 0.05 mg/ml,
0.1 mg/ml, 0,2 m%nll} nd O.4tm?1/ml . Tb}]e fogcentg%ion were ggteg{smiréﬁdagro(gn Y)\{%iaqlhot s
measurear%%rms,n ek lr%%%eﬁgsh Seh flerlr?a MadEtradifionar vV apsorbance determination inaccurate.
The LS signadfivas collected for each concentration. Molecular weight was determined for each

concentr, rgg sepaatel i Ahsl,tr software with.a Deb lot and. the Z eguation. A single slice

of coIIec@ gbnal%ﬁfﬁgéﬁ%ns&rﬁa%%?%?}%% ST i}‘c%(lelrslef(1)}4retr}r§(%) ecular \E/:vénla*h Or('(r:iz?lIlc:suefle%t?cr)lr%11 at each

concentratioer #36465] Bhialds i arensatdgetisimdlabetdxaw Q20031058 1853 TdS20elY/083772 12
doxorubicin, vincristine, amphotericin, cisplatin, carboplatin, retinoids, imidazoacridones,
bisimidazoacridones, camptothecin, topotecan, geldanamycin, etoposide, azonifide, and

combinations thereof.



Table 1. Influence of hydrophilic tail length on nanoparticic aggregation. Peptide 0.05 mg/ml 0.1 mg/ml
0.2 mg/ml 0.4 mg/ml MW (g/mol) N MW (g/mol) N MW (g/mol) N MW (g/mol) N SEQ ID NO: 1
11,400,000 Vi B106/058125 PCT/US2007/083772
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[0024) The nanoparticles can comprise targeting agents (e.g., ligands or cell receptors) to
direct the nanoparticles to particular locations. For example, ligands that bind cell surface
receptors overexpressed in tumor cells can be added to the nanoparticles in order to target
specific tumor cells. Suitable ligands include, for example, antibodies and polypeptides that
bind to the epidermal growth factor receptor (EGFR), somatostatin receptor (SSTR), insulin-
like growth factor receptor, folic acid-receptor, HER2 receptor, interleukin-13 receptor,
gastrin-releasing peptide receptor, CD30, vasoactive intestinal peptide receptor, gastrin
receptor, prostate-specific antigen, and estrogen receptor.

[0025] The method of the invention also can comprise administering the nanoparticles
comprising the hydrophobic agent (e.g., an anti-cancer agent) to a subject. Suitable subjects
include mammals, such as mice, rats, rabbits, ferrets, guinea pigs, hamsters, cats, dogs, pigs,
goats, cows, horses, primates, and humans.

[0026] The nanoparticles can be administered alone or in a composition. When the
nanoparticles are administered in a composition, the composition preferably is a
pharmaceutical (e.g., physiologically acceptable) composition. The composition comprises a
carrier (e.g., a pharmaceutically or physiologically acceptable carrier) and the nanoparticles.
Any suitable carrier (e.g., water, saline, and PBS) can be used within the context of the
invention, and such carriers are well known in the art. The choice of carrier will be
determined, in part, by the particular site to which the composition is to be administered and
the particular method used to administer the composition. Suitable carriers, as well as other
components suitable for use in the composition of the invention, are known in the art (e.g.,

Remington’s Pharmaceutical Sciences, 17th ed., (Mack Publishing Company, Philadelphia,

Pa.: 1985)). Additionally, the composition can comprise additional active agents, such as
anti-cancer agents.

[0027] The nanoparticles and composition thereof can be administered to a subject to
treat or prevent particular disorders and diseases. For example, when the hydrophobic agent
is an anti-cancer drug, the invention encompasses the chemotherapeutic treatment of cancer,
such as by methods of inhibiting tumor growth (e.g., inhibiting the proliferation,
invasiveness, or metastasis of tumor cells, slowing the growth of tumors, completely halting
the growth of tumors, and reducing the size of tumors) and methods of promoting the
sensitivity of cancer (e.g., tumor cells) toward drugs by inhibiting the ability of cancer cells to

develop resistance to drugs. One of skill in the art can readily determine the particular



4090 6,906,000 22,000 2478 6,952,000 22,000 2494 n/a n/a SEQ ID NO: 1-PEG11 2,515,000

69,000 743 1,069,000 20,000 316 463,800 6,800 137 183,200 900 54
WO 2008/058125 PCT/US2007/083772

hydrophobic agent (e.g., anti-cancer agent) to be included in the nanoparticles based on the
disease or disorder to be treated or prevented. Preferably, the disease or disorder is cancer,
such as lung cancer, breast cancer, prostate cancer, head and neck cancer, ovarian cancer,
skin cancer, testicular cancer, pancreatic cancer, esophageal cancer, colorectal cancer, kidney
cancer, cervical cancer, gastrointestinal cancer, and combinations thereof.

[0028] The nanoparticles or the composition thereof preferably are administered to the
subject in a therapeutically effective amount. A therapeutically effective amount refers to an
amount of the nanoparticles necessary to treat or prevent the particular disease or disorder.
For example, when the nanoparticles comprise an anti-cancer agent, a therapeutically
effective amount refers to the amount of the nanoparticles comprising the anti-cancer agent
necessary for the chemotherapeutic treatment of cancer, such as the inhibition of the
proliferation, invasiveness, or metastasis of tumor cells, the inhibition of tumor growth,
and/or the inhibition of the sensitivity of cancer toward drugs by inhibiting the ability of
cancer cells to develop resistance to drugs. The appropriate dose of the nanoparticles or
composition thereof depends on the particular anti-cancer agent encompassed in the
hydrophobic center of the nanoparticles and/or the particular TM peptide forming the
nanoparticles.

[0029] Any route of administration can be used to deliver the nanoparticles to the subject.
Suitable administration routes include intramuscular injection, transdermal administration,
inhalation, topical application to tissue (e.g., tumor tissue), intratumoral administration, and
parenteral administration (e.g., intravenous, peritoneal, intraarterial, subcutaneous, rectal, or
vaginal, administration). An appropriate administration route easily can be determined by the
physician or researcher. Subcutaneous administration can result in slow diffusion of
nanoparticles from the site of injection, wherein intravenous administration can result in a
quick spread of nanoparticles and quick clearance through the kidneys.

[0030] The following examples further illustrate the invention but, of course, should not

be construed as in any way limiting its scope.
EXAMPLE 1

[0031] This example demonstrates that the nanoparticles of the invention have uniform

shape and diameter.



SEQ ID NO: 1-PE0O27 1,171,000 190,000 286 719,400 100,700 176 682,000 105,000 167 367,100

38,400 90 SEQ ID NO: 1-PE038 n/a n/a 436,100 20,300 93 90,950 9,210 19
WO 2008/058125 PCT/US2007/083772

9

[0032] Peptides comprising the amino acid sequences of SEQ ID NO: 1, SEQ ID NO: 2,
SEQ ID NO: 3, SEQ ID NO: 4, and SEQ ID NO: 5 were synthesized. Additionally, a peptide
comprising the amino acid sequence of Leu-Leu-Phe-Val-Ile-Thr-Leu-Pro-Phe-Trp-Ala-Val-
Asp-Ala-Val-Ala-Asn-Trp-Tyr-Phe-Gly-Asn-Lys-Lys (SEQ ID NO: 6), which replaces the
two negatively charged aspartate residues at the end of SEQ ID NO: 1 with two positively
charged lysine residues, was synthesized.

[0033] Peptides were solubilized in DMSQO to yield 32 mg/ml solution. DMSO stocks
were diluted with phosphate buffered saline (PBS) to produce 0.05-0.5 mg/ml solutions. Two
ul of a sample were applied directly on microscopy grids, air-dried, stained with 0.5% (w/v)
osmium tetroxide (OsO4), and visualized with a Hitachi H-7000 electron microscope.

[0034] All peptides with a negatively charged end produced small nanoparticles (4-15 nm
in diameter) as demonstrated by transmission electron microscopy. However, the
nanoparticles formed higher order aggregates. The morphology of higher order structures
differed for different sequences and showed a significant degree of variability.

[0035] Substitution of negative charges with positive charges (as in SEQ ID NO: 6)
resulted in the formation of much large particles with highly variable diameters. Thus, the
presence of negatively charged residues on one terminus of the TM peptides results in the

formation of nanoparticles of relatively uniform shape and diameter.
EXAMPLE 2

[0036] This example demonstrates that addition of hydrophilic oligomers affects
nanoparticle aggregation.

[0037] Hydrophilic oligomers were added to a TM peptide with the amino acid sequence
of SEQ ID NO: 1 to form the following: SEQ ID NO: l—PEGl 1; SEQ ID NO: 1-PEG27,
SEQ ID NO: 1-PEG38; and SEQ ID NO: 1-GGGGG.

[0038] To form peptides with hydrophilic oligomers (e.g., PEG), Fmoc amide resin
(Applied Biosystem) was deprotected on an ABI433 peptide synthesizer. One gram of Fmoc-
NH-(PEG);;-COOH (NovaBiochem) or Fmoc-NH-(PEG),7,-COOH (NovaBiochem) were
dissolved in 10 ml N-methyl-2-pyrrolidone (NMP) and activated by the addition of equimolar
amounts of a 0.5 M solution of HBTU/HOBt (O-benzotriazole-N,N,N’ N’-tetramethyl-
uronium-hexafluoro-phosphate/1-hydroxy-benzotriazole) in dimethylformamide (DMF).

Deprotected resin (80% moles in relationship to PEG) were added to the activated PEG and



110,500 5,600 24 SEQ ID NO: 1-00000 4,957,000 8,000 1614 2,041,000 000" 4,000 664 865,600
2,700 282 169,700 300 55 wherein N is a degree of aggregation (molecules per particle). [00461As
illustrated bV 203¥%f forth in Table 1, the aggregation of nanoparticles BetesH8d W H Increased
length of PEG. Both types of hydrophilic tails (i.e., PEG and polyamino acid) were effective in reducing
aggregation of the nanoparticles. PEG was less effective than polyglycine of comparable lengths. In
addition, polyamino acid extensions are advantagé®us since they are biodegradable, thus providing
more flexibility in fine-tuning the ability of nanopatrticles to fuse with cellular membranes.

100471 Acftinfonaligketdoctlfdrewsvifiosioties BottmsisdudesnakpPaeiciEltePgsing @RigH, the
resistange;BaRte AL UANRAPLIEMP GHHA SHANRUEIA'RXSARIEN Ak pHERG RRARARYRnd 27 units

comprormise lological activity of the peptide inhibitor, presumably interfering with membrane

fusion. GorrsanerilEomrlineel RERdané BG#Y d Jaleaetintyithshe RiSreppigietaipbietirfidient length
to prevept Ao, hiarRRAAAISIHELER e felLshaulibaseriedisezadegraded) in the

target tissue (e.g., tumors) to allow for membrane fusion, so that the TM peptide forming the

nanopartrstisisHexef iy iﬁ@ﬂbﬁi@ﬁh@ﬁé&%@éﬁmmiﬁmw%ﬁ@é oftéancappbad, inhibiting the

N e e e

releasedimino acid derivatives. Since all peptides contain Asp residues that are prone to aspartamide
formation upon piperidine treatment during deprotection, the synthesizer was reprogrammed
to use 50% piperidine in NMP containing 0.25 M HOBt. Solvent delivery times were
calibrated to achieve a final concentration of HOBt of 0.1 M during deprotection.
[0039] The addition of HOBt completely prevented aspartamide formation that is usually
accompanied by the appearance of products with -18 and +60 (piperidine additive) molecular
masses on mass spectra. Peptides were cleaved from the resin with 87.5% trifluoroacetic acid
containing 5% water, 5% thioanisol, and 2.5% triisopropylsilane (TIS), precipitated with cold
diethyl ether, washed five times with ether, and dried in vacuum overnight. Peptides
dissolved in DMF were purified by HPLC on a preparative (19 x 250 mm) Atlantis C3
reverse phase column (Agilent, Palo Alto, CA) in a gradient of 0.05% trifluoroacetic acid in
water and acetonitril containing 0.05 % trifluoroacetic acid. The fractions were analyzed by
ion-spray LC/MS on an Agilent 1100 series instrument (Agilent, Palo Alto, CA) with the use
of Zobax C3 Poroshell column and a gradient of 0.1 acetic acid in water and acetonitril. Only
fractions containing more than 95% pure product were combined and freeze-dried. The
purity and structure were further confirmed by ion-spray LC/MS with separation on a Zorbax
C3 analytical column.
[0040] Polyglycine oligomers of desired length were assembled on the peptide
synthesizer by step-wide synthesis utilizing standard Fmoc-protocol with HBTU/HOBt
activation. Preloaded Gly-resin (Applied Biosystems) was used in the synthesis.
[0041] To determine the influence of hydrophilic tail length on nanoparticle aggregation,
the degree of aggregation was determined by multi-angle light scattering for TM peptides
with the amino acid sequences of SEQ ID NO: 1; SEQ ID NO: 1-PEG11; SEQ ID NO: 1-
PEG27; SEQ ID NO: 1-PEG38; and SEQ ID NO: 1-GGGGG.
[0042] The peptides were dissolved in DMSO and diluted with 0.1 M Tris-HCI buffer
(pH 7.2) to provide 0.4 mg/ml peptide solutions. This was used for further dilutions. The



WO 2008/058125PCT/US2007/083772 13 EXAMPLE 3 [0048]This example demonstrates that the
length of the TM peptides affects nanoparticle aggregation. [0049]To determine the influence of TM
peptide leng¥P30§BFAarticle aggregation, the degree of aggregation was Ret&/RHNER®Y Fhulti-angle
light scattering for TM peptides of SEQ ID NO: 1-PE027; SEQ ID NO: 7-PE027; SEQ ID NO:
8-PEG27; and SEQ ID NO: 9- PEG27. SEQ ID NOs: 7, 8, and 9 are related to SEQ ID NO: 1 as
deletion mutants, wherein SEQ ID NO: 7 lacks thd two N-terminal amino acid residues of SEQ ID NO:
1, SEQ ID NO: 8 lacks the five N-terminal amino acid residues of SEQ ID NO: 1, and SEQ ID NO: 9
lacks théinaletvadsatertivnalf IMTOavis cébiciib8%BEQSY tept tomstan épriale dilysrentomibs as

deseribegd iRy %1@0&81! 0t 8&8&%%%%&8{%{&1%2521 0 ghifads IRAcR Aldhe

transmembratie par on nanoparticle aggregation. Pe 5 mg/ml 0.1 mg,/m1 0.2 mg/mi
0.4 mg/mmpmt(gmgrmghm@mag Iurs before measurements). The following day, the

samples were centrifuged at 13200 rpm for 30 minutes.

[0043] Light scattering (LS) studies were performed by a DAWN EOS multi-angle
detector (Wyatt Technology Corp., Santa Barbara, CA) at a laser wavelength of 690 nm. The
LS detector was connected with an Agilent 1100 HPLC system (Agilent Technologies, Palo
Alto, CA). The MALS detector was calibrated with HPLC grade toluene, 99.8% (Aldrich
Chemicals, Milwaukee, WI), which was filtered through a 0.02 pM Anotop-25 inorganic
membrane filter and then normalized with albumin (bovine) 98% monomer (Sigma
Chemicals, St. Louis, MO). The data were collected and processed using Astra software
(Wyatt Technology Corp.; version 4.90.04).

[0044] To determine the molecular weight of the peptide aggregates and the aggregation
state, LS micro-batch measurements were performed. In brief, solvent was delivered through
the HPLC system, bypassing the column compartment, at a flow rate of 0.05 ml/min. 900 pl
samples with different peptide concentrations were injected through the HPLC autosampler.
Four peptide concentrations were analyzed (i.e., 0.05 mg/ml, 0.1 mg/ml, 0.2 mg/ml, and 0.4
mg/ml). The concentrations were determined from weight measurements, since strong light
scattering made traditional UV-absorbance determination inaccurate. The LS signal was
collected for each concentration. Molecular weight was determined for each concentration
separately using Astra software with a Debye plot and the Zimm equation. A single slice of
collected signal giving the smallest error was chosen for molecular weight calculation at each
concentration.

[0045] The results are set forth in Table 1.
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Table 1. Influence of hydrophilic tail length on nanoparticle aggregation.

MW (g/mol) N MW (g/mol) N SEQ ID NO: 1-PEG27 1,171,000 190,000 286 719,400 100,700 176
682,000 105,000 167 367,100 1 38,400 90 SEQ ID NO: 7-PE027 1,559,000 245,000

0.05 mg/ml 0.1 mg/ml 0.2 mg/ml 0.4 mg/ml
Peptide MW MW MW MW
N N N N
(g/mol) (g/mol) (g/mol) (g/mol)
11,400,000 6,906,000 6,952,000
4090 2478 2494 n/a n/a
SEQ ID NO: 1 + 40,000 + 22,000 + 22,000
2,515,000 1,069,000 463,800 183,200
743 316 137 54
SEQ ID NO: 1-PEG11 + 69,000 + 20,000 + 6,800 + 900
1,171,000 719,400 682,000 367,100
286 176 167 90
SEQ ID NO: 1-PEG27 | £ 190,000 + 100,700 + 105,000 + 38,400
436,100 90,950 110,500
n/a n/a 93 19 24
SEQ ID NO: 1-PEG38 + 20,300 +9,210 + 5,600
4,957,000 2,041,000 865,600 169,700
1614 664 282 55
SEQ ID NO: 1-GGGGG | =+ 8,000 + 4,000 + 2,700 + 300

wherein N is a degree of aggregation (molecules per particle).

[0046] As illustrated by the data set forth in Table 1, the aggregation of nanoparticles
decreased with increased length of PEG. Both types of hydrophilic tails (i.e., PEG and
polyamino acid) were effective in reducing aggregation of the nanoparticles. PEG was less
effective than polyglycine of comparable lengths. In addition, polyamino acid extensions are
advantageous since they are biodegradable, thus providing more flexibility in fine-tuning the
ability of nanoparticles to fuse with cellular membranes.

[0047] Additionally, structure-activity studies conducted on nanoparticles targeting drug
resistance-associated transporter ABCG2 suggested that extension of the PEG length beyond
27 units compromised the biological activity of the peptide inhibitor, presumably interfering
with membrane fusion. Consequently, the ideal nanoparticle with dual activity has a
hydrophilic tail of sufficient length to prevent formation of large superstructures, but the tail
should be reduced in size (degraded) in the target tissue (e.g., tumors) to allow for membrane
fusion, so that the TM peptide forming the nanoparticle can exert its inhibitory effect (e.g,
inhibiting drug resistance of cancer cells, inhibiting the growth of blood vessels in a tumor’s
enviroment, or inhibiting the movement of tumor cells) on the target membrane protein and

the incorporéted hydrophobic agent (e.g., cytotoxic drug) can be released.




403 n/a n/fa 219,000 29,400 57 534,000 61,300 138 SEQ ID NO: 8-PEG27 n/a nia. 29' 550 1 4,630 9
32,660 6,730 10 34,520 7,850 10 SEQ ID NO: 9-PE027
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EXAMPLE 3
[0048] This example demonstrates that the length of the TM peptides affects nanoparticle

aggregation.
[0049]
degree of aggregation was determined by multi-angle light scattering for TM peptides of SEQ
ID NO: 1-PEG27; SEQ ID NO: 7-PEG27; SEQ ID NO: 8-PEG27; and SEQ ID NO: 9-
PEG27. SEQ ID NOs: 7, 8, and 9 are related to SEQ ID NO: 1 as deletion mutants, wherein
SEQ ID NO: 7 lacks the two N-terminal amino acid residues of SEQ ID NO: 1, SEQ ID NO:
8 lacks the five N-terminal amino acid residues of SEQ ID NO: 1, and SEQ ID NO: 9 lacks
the twelve N-terminal amino acid residues of SEQ ID NO: 1. The peptides were formed as

To determine the influence of TM peptide length on nanoparticle aggregation, the

described in Example 2.

[0050] The results are set forth in Table 2.

Table 2. Influence of the transmembrane part length on nanoparticle aggregation.

0.05 mg/ml 0.1 mg/ml 0.2 mg/ml 0.4 mg/ml
Peptide MW MW MW MW
N N N N
(g/mol) (g/mol) (g/mol) (g/mol)
1,171,000 719,400 682,000 367,100
286 176 167 90
SEQ ID NO: 1-PEG27 | +190,000 + 100,700 + 105,000 + 38,400
1,559,000 219,000 534,000
403 n/a n/a 57 138
SEQ ID NO: 7-PEG27 | 245,000 + 29,400 + 61,300
29,550 32,660 34,520
n/a n/a 10 10
SEQ ID NO: 8-PEG27 +4,630 + 6,730 + 7,850
No No No No
particle 1 particle particle particle
SEQ ID NO: 9-PEG27 | formation formation formation formation

wherein N is a degree of aggregation (molecules per particle).

[0051]

As illustrated by the data set forth in Table 2, nanoparticle aggregation decreases

with the decreased length of the TM peptide. However, peptides with the TM portion

truncated to 11 amino acid residues failed to self-assemble into nanoparticles.




No particle formation 1 No particle formation 1 No particle formation 1 No particle formation wherein
N is a degree of aggregation (molecules per particle). [0051]As illustrated by the data set forth in Table
2, nanopart®e HY§&§aton decreases with the decreased length of the TMPOASRIOHE A Eer,
peptides with the TM portion truncated to 11 amino acid residues failed to self-assemble into
nanoparticles. WO 2008/058125PCT/US2007/083772
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EXAMPLE 4

[0052] This example demonstrates cellular and tumor uptake of the nanoparticles in
tumor tissue.

[0053] A CXCR4-TM domain 2-derived pegylated peptide labeled with Alexa546
fluorescent dye was prepared. The following sequence was synthesized: SEQ ID NO: 1-
Pegl1-Hcy-Peg27, where Hey stands for homocysteine. The peptide was reacted with 2-fold
excess of Alexa546 5-maleimide (Invitrogen) in DMSO (at 128 mg/ml concentration)
overnight and purified on a preparative (19 x 250 mm) C3 column. Ten pl of peptide were
diluted with 630 pul PBS (to produce 2 mg/ml peptide solution), sonicated for 10 minutes, and
used for intratumoral injection.

[0054] Nude mice were inoculated in a breast pad with one million MDA-231 breast
cancer cells. Six weeks later, when tumor sizes reached about 5 mm in diameter, 0.1 ml of 2
mg/ml solution of the fluorescent nanoparticles in PBS were injected into a breast pad near
the tumor.

[0055] Whole animals and excised tumors were imaged utilizing the Maestro 420 In-
Vivo Spectral Imaging System (Cambridge Resources and Instrumentation, Inc.). The results
showed that nanoparticles do not spread far from the injection site, but effectively penetrate
tumor vasculature. In whole animals, 30 minutes after injection, the nanoparticles were
localized to tumor tissue. Similarly, after 24 hours, the nanoparticles were localized to the
tumor tissue without spreading from the injection site. Analysis of tumors excised 24 hours
after injection indicated that the nanoparticles effectively penetrate tumor vasculature.

[0056] These results confirm that the nanoparticles of the invention can be used to deliver

hydrophobic drugs, such as anti-cancer drugs, to target tissue, such as tumor tissue.
EXAMPLE 5

[0057] This example demonstrates that nanoparticles constructed from the TM domains
of certain receptors (e.g., CXCR4) and transporters have their own biological activity and can
inhibit metastasis.

[0058] One million MDA-MB-231 breast cancer cells were injected in nude mice
intraveneously on Day 0. On Day 1 and continuing twice weekly, mice were

intraperitoneally injected with (1) 3 mg/kg of nanoparticles of the TM peptide of SEQ ID



14 EXAMPLE 4 [0052]This example demonstrates cellular and tumor uptake of the nanopatrticles in
tumor tissue. [0053]A CXCR4-TM domain 2-derived pegylated peptide labeled with Alexa546
fluorescent ¥f&NE0p$EHared. The following sequence was synthesized: SBETDSR{07/483772
Pegll-11cy-Peg27, where Hey stands for homocysteine. The peptide was reacted with 2-fold excess
of Alexa546 5-maleimide (Invitrogen) in DMSO (at 128 mg/ml concentration) overnight and purified on
a preparative (19 x 250 mm) C3 column. Ten jfl of peptide were diluted with 630 ill PBS (to produce 2
mg/ml peptide solution), sonicated for 10 minutes, and used for intratumoral injection. [0054]Nude
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Resources and Instrumentation In¢.j, The resuls showgrd hat Banenaiiniesae ey sptead far from
, i ! .
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24 hour&Gner Injection e nanoparticles effectively penetrate tumor vasculature.
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hydrophobic,dru 'SL{RQ%? é‘[ﬁjﬂ?% gendrugs, to target tissue, such as tumor tissue. EXAMPLE 5
[OOS?]Tngggé%% e demonstrates t?‘lat nanoparticles constructed from the TM domains of certain

receptorf9061]., CXTH)thers warsporers HAgNER SR IN SRRRCAIERHRIY HnhEaAlinhibit metastasis.
1006100 MUlan M MP:# ik Risest canGapaPSs WeigniesiedimBudsrmiceiiayeneously on

Day 0. dh ay i uing twice weekly, mice were intraperitoneally injected with (1) 3 ing/kg of

nanopariblesisfetied TMssee 06 BrBETigessovIcUsEbtEme PflleiperoRst/d s N&» 1-PEG27
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in PBS; or (3) a control (PBS only). [0059]All animals in the control group that were sacrificed or died
naturallypheldng survival in a mouse model of breast cancer.

[0061] These results confirm that nanoparticles constructed from the TM domains of

certain receptors (e.g., CXCR4) can inhibit metastasis.
EXAMPLE 6

[0062] This example demonstrates the ability of nanoparticles of the invention to
associate with hydrophobic agents in aqueous solution.

[0063]  Nanoparticles formed from a portion of a TM domain targeting the CXCR4
receptor were tested for the ability to associate with solublized hydrophobic cytotoxic agents.
Imidazoacridones and bisimidazoacridones were used because these anti-tumor agents are
poorly soluble in aqueous solutions and possess fluorescence that is environment-sensitive
(see Tarasov et al., Photochem. Photobiol., 70(4): 568-578 (1999)). Specifically, HKA40A, a
1.8-naphthalimide imidazo(4,5,1-de)acridone derivative with potent anti-tumor activity (see
US Patent 6,664,263) and WMC77, an imiazoacridone (5-{3-[4-(aminopropyl)-piperazin-1-
yl]-propylamino}-2,10b-diaza-aceanthrylen-6-one) with fluorescence properties that are
environment-sensitive (see U.S. Patent 6,187,775), were used.

[0064] Visual inspection of a solution of 0.038 mg/ml of HKA40A yielded a clear,
colorless liquid with an orange precipitate. In contrast, the same concentration of HKA40A
in a solution of 0.4 mg/ml nanoparticles (SEQ ID NO: 1-PEG27) in PBS produced a clear,

yellow solution with no precipitation.



numerous lung tumors. As set forth in Fig. 3, animals in the control group had only about 20% survival
by Day 75. In contrast, there was about 40% survival by Day 75 in animals administered 3 mg/kg of
nanoparticl@¥OTAEOIRES 100% survival by Day 75 in all of the animals adffRISEW 1BIG kg of
nanoparticles, and these animals continued to gain weight, which is indicative of a lack of metastasis.
[0060]While there were no surviving animals in the control group or in animals administered 3 mg/kg of
nanoparticles by Day 91, a significant number of the animals administered 12 mg/kg of nanoparticles

survived until the end of the experiment (Day 140), indicating that the administration of nanoparticles
can sigriReditly ddasidusigmostdsteiSisromadmial kG EQriv A (h lalfHéudeomdidel 1bY bi@dst cancer.

[0061]T ik, t j 0 [ f certain receptors
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solutionﬁ seessiuQisspence that is environment-sensitive (see Tarasov et al., Photochem.

Photobioﬁ%%%g: 568-578 (1999)). Specifically, HIC_A40A, a 1.8-naphthalimide

imidazo(#{®al-de) AEriD AR GATH tHetmIBrigetvity @sa tei’664,263) and
(8054} de)dbrthsme d et tstil labls/it Wiedit b

WMC77 &R,éﬁ%i%ﬁ%?ﬂ%%%w was mixed with Alexa 546-labeled nanoparticles (which were
(5-{344-%am|nopropyl)-plpera2|n-IyIkpropyIamlno}-2,10b-d|aza-acean hrylen-6-one) with fluorescence

propertiesodhizeedres spi/fesinie Fxaampdaihh hwscsrace shergs iamirrwns pbreryed dhgbowlaqeted al
inspectign ot 2:5alHHeR P10 Q38N BYLEE L L dviieided a clear, colorless liquid with an orange
precipitate. In contrast, the same concentration of 1-IICA40A in a solution of 0.4 mg/ml nanopatrticles
(SEQ ID NO: 1-PE027) in PBS produced a clear, yellow solution with no precipitation. WO
2008/0582BRAC o 2E0¢e8 I ien sify [0DOBYUETD selativmsnts of nanoparticles (SEQ ID NO:1-PEGI1
or SEQ ID NO 1- PEG38) were added to solutions of WMC77. The fluorescence emission intensity
and shjft in emission maﬁy&mtw%e measured with the res”ﬁ&??&%&%@éﬁﬂ%i@y?ﬁﬁ:& The repults

reflected-artrerease-in-fluorescence-emissionintensity and-a-shittinemissonmaxmia withintreasing
amounts of the nanophi2idEPERtiER is indicative of fluorophore transfeP#fio a hydrophobic

enviroryment. [0066]Further pepiédeas demonstrated| by the data in Table73pwhen WMC77 (final
concerjtration om%ém&gyﬁeg)é%ﬂj%mﬁlexa S4p-labeled nanoparticigs (which were producgd as

AL

set forthrExampte4);-fiuorescenceehergy transfer-was observed that indicated-acltose interaction
between nanoparticles and WMC77. Table 3. Fluorescence intensity of WMC77 solutions. Addititve

Fluorescence Intensity (a.u.) ) . ]
[0067] These experimental results confirm that the nanoparticles of the invention

associate with hydrophobic agents in aqueous solution and provide the agents with a

hydrophobic environment.

[0068] All references, including publications, patent applications, and patents, cited
herein are hereby incorporated by reference to the same extent as if each reference were
individually and specifically indicated to be incorporated by reference and were set forth in
its entirety herein.

[0069] The use of the terms “a” and “an” and “the” and similar referents in the context of
describing the invention (especially in the context of the following claims) are to be
construed to cover both the singular and the plural, unless otherwise indicated herein or

3 ks

clearly contradicted by context. The terms “comprising,” “having,” “including,” and
“containing” are to be construed as open-ended terms (i.e., meaning “including, but not

limited to,”) unless otherwise noted. Recitation of ranges of values herein are merely



No TM peptide 622 TM peptide 726 TM peptide-Alexa conjugate 295 [0067]These experimental
results confirm that the nanoparticles of the invention associate with hydrophobic agents in aqueous
solution andPBLBEdgents with a hydrophobic environment. [0068]All REEERKWS/GRding
publications, patent applications, and patents, cited herein are hereby incorporated by reference to the
same extent as if each reference were individually and specifically indicated to be incorporated by
reference and were set forth in its entirety herein. {6069]The use of the terms "a" and "an" and "the"
and similar referents in the context of describing the invention (especially in the context of the following

claims) Wendeddcensrasd sbudvndgsathebad mfaringiadividpaliniosardsscamarviaindicated herein
or clearly GORIAMEIER DYa R )T ENRHE IS FRIBIEIREreil) A Bach! SEHFRGvaRiRGs Containing™ are

to be construed as open-ended terms (i.e., meaning "including, but not limited to,") unless otherwise
noted. ReewtaosHast intadbe wreHigaionarih ihmerdrsiyival poudiebbasip oSt os3772 17

intended {0 Servea% M ShAThaRskREhen ahyelerine Bidbicualy inipRsisseRataisMAa faling within

the range, unless otherwise indicated herein, and each separate value is incorporated into the

specificatisnisafqleprye andiofieisPreeorie e rig VAR hamousl AllBreRl $ie PEIRE P B performed in
any suitgple, g lessAtheniss incdioargner eifcpaQisawisasinarky trmiasictad by context. The
BuapdaE oS Akemss,
a

use of any an examples, or exemplary language (e.g., "such as") provided herein, is intended

merely totEtanpoMhiesfiORs iR 9845 w0pEe SE theimYSROATGHIRRS S 5F the invention
unless qiherwisersipimedaNalaneuaasripiis speciicasioshshosidbaannsipadasondieatieg any

non-claimed element as essential to the practice of the invention. [0070]Preferred embodiments of this
inventiofleme HicceRsertiab i RS PHHRBYEMSEe known to the inventors for carrying out the

inventiO@M@ﬁiaﬂome@éﬁlae%wﬁﬁ@% Inbedimentomay besepeiarpare s eefbesdinary skill
in the art upon reading the foregoing description. The inventors expect skill&%artisa to employ such

variatior8e45 Xpprapiatee HRGHIESARrABA ISR INERHORN ISR WY BFARASR A BIRERTise than as

specificallydassibadhs sitofrcarslinglyidhinievmsiamingudrsathewdilisaiiensagdiequivalents of
the subject matter recited in the claims appendedglgﬁreto as permitte]% bg/ applicable law. Moreover,
any confBrsaABIE SeasERiiBy e hedRTEEATE RFRETHE ot S IR SRR R SR B E Rompassed by

the invegfion sesspthapviseinslic aies d eseiRonotheonise Weniticaniadiclest anantext. MCSLLP
18 specifically described herein. Accordingly, this invention includes all modifications and
equivalents of the subject matter recited in the claims appended hereto as permitted by
applicable law. Moreover, any combination of the above-described elements in all possible
variations thereof is encompassed by the invention unless otherwise indicated herein or

otherwise clearly contradicted by context.



CLAIMS 1.A process of handling a hydrophobic agent, the process comprising: (a) combining in an
aqueous solution (i) the hydrophobic agent and (ii) an isolated peptide which comprises as least 10 amino
acids, and is a structural analog of a transmembrane domain of an integral membrane meériiﬂa wherein
one terminus of the peptide has one or more consecutive negatively charged residues, an (b)
allowing the peptide to self-assemble into nanopartiglgs, wherein the nanoparticles comprise the
hydrophobic agent. 2.The process of claim 1, wherein the isolated peptide of (ii) is a G-protein coupled
receptor or an ABC transporter. 3.The process of any of claims 1 or 2, wherein the hydrophobic agent is
an anti-cancer agent. 4.The process of any of cldithaIMS further comprising adding a ligand to the

peptide, wherein the ligand sprelfically.Ainda 69HBPHESR [ReRDIGE hRLIS QVsifrassed in a tumor cell.
5.The process of any of claims 1-4, further comprising adding a hydrophilic oligomer selected from the
group consisting of o??éihk}}é}ge‘%}téﬂ“ﬁﬁﬂ%é%@f% hegeste &8t ARd B ek thereof to

the terminup&ftthe PERHAR A LontAIAS ONE PhiMPLeI BEAatie ly shavaed fasldpes..6. The process of any
of claims 1-5, wherein the nanoparticles have a diameter of 3 nm to 50 nm,(ﬁsreferably wherein the

nanoparticldERASDEBPHRERIRBIG 8k iRfesirhmembrane REOISIA RIS IS AYEFERIHE AL BiSwherein the

isolated pepsigei@f hikk campFigRsAidaasili0amine AaidsHagptiGatigutheamino acid sequence of a
transmembrane domain of an integral membrane protein, preferably wherein the isolated peptide of (ii)

comprises at least 3 AN SEPLrREIQ Y resahlin B dRiEticdssorhraisiiembrane domain of an

integral memdtanetRIeteibnpRd RS hpiedprapBiy: whakein the isolated peptide of (ii) comprises at least 20
amino acids identical to the amino acid sequence of a transmembrane domain of an integral membrane

protein. MCSLLP 39 #,Jhepiqcassehenabrlains kd.whsesiuthe Rydropbopisiagent has a first

biological activity selected from the group consisting of inhibiting proliferation of cancer cells, inhibiting
metastasis,qﬁh%%@%ﬁ&?b@éﬁ%ﬁﬁ%n%ﬂﬂmt@?ug resistance of cancer cells, and combinations thereof.
9. The process of any of claims 1-8, wherein the nanopatrticles have a second biological activity selected
from the group conistingldfeiphibétingfdmgakdstande@nt caheeicditsh dhiphiigomgtastasis, inhibiting
angiogem_asis, and a%qmgi&%gg@g fhereof. 10. A composition of nanoparticles obtainable by the process of
any of claims 1- 9.

4, The process of any of claims 1-3, further comprising adding a ligand to the
peptide, wherein the ligand specifically binds a cell surface receptor that is overexpressed
in a tumor cell.

5. The process of any of claims 1-4, further comprising adding a hydrophilic
oligomer selected from the group consisting of polyethylene glycol, undecaethelene
glycol, polyglycine, and combinations thereof to the terminus of the peptide that contains
one or more negatively charged residues.

6. The process of any of claims 1-5, wherein the nanoparticles have a diameter
of 3 nm to 50 nm, preferably wherein the nanoparticles have a diameter of 8 nm to 20 nm.
7. The process of any of claims 1-6, wherein the isolated peptide of (ii)
comprises at least 10 amino acids identical to the amino acid sequence of a transmembrane

domain of an integral membrane protein, preferably wherein the isolated peptide of (ii)
comprises at least 15 amino acids identical to the amino acid sequence of a transmembrane
domain of an integral membrane protein, and most preferably wherein the isolated peptide
of (i1) comprises at least 20 amino acids identical to the amino acid sequence of a

transmembrane domain of an integral membrane protein.



11. The composition of claim 10, for use as a medicament. 12. The composition of claim 11, for use in
inhibiting tumor growth. 13. The composition of claim 11, for use in treating cancer. 14. Use of the
composition of claim 10, in the preparation of a medicament for use in therapy. 15. Th%ﬂggﬁ q_.f claim 14,
wherein the medicament is for inhibiting tumor growth. 16. The use of claim 14, wherein {’he
medicament is for treating cancer. 19
8. The process of any of claims 1-7, wherein the hydrophobic agent has a first
biological activity selected from the group consisting of inhibiting proliferation of cancer
cells, inhibiting metastasis, inhibiting angiogenesis, inhibiting drug resistance of cancer
cells, and combinations thereof.
0. The process of any of claims 1-8, wherein the nanoparticles have a second

biological activity selected from the group consisting of inhibiting drug resistance of

cancer cells, inhibiting metastasis, inhibiting angiogenesis, and combinations thereof.

10. A composition of nanoparticles obtainable by the process of any of claims 1-
0.

11. The composition of claim 10, for use as a medicament.

12. The composition of claim 11, for use in inhibiting tumor growth.

13. The composition of claim 11, for use in treating cancer.

14. Use of the composition of claim 10, in the preparation of a medicament for

use in therapy.
15. The use of claim 14, wherein the medicament is for inhibiting tumor
growth.

16. The use of claim 14, wherein the medicament is for treating cancer.
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