PHOTOTRI GGERED NANOPARTI CLES FOR CELL AND Tl SSUE TARGETI NG RELATED

APPLI CATI ONS This application clainms the benefit of the filing date
of U S. pwownsi/am®k patent application 61/247,535, fil esCsapst@ninsrs480, 2009
entitled "Phototriggered nanoparticles for cell and tissue targeting”. The
entire teachings and contents of the referenced provisional application is
I ncorporated herein by reference. FEDERALLY SPONSORED RESEARCH The
i nvention was supported, in whole or in part, by grant No. GW73626 from
t he National | REHOTQTRIGGERED:RANQRARTIGEESH@R(ELL ASD TISSUK n ri ghts
in the invention. FIELD OF THE | NVENRGETING The present invention
relates to conpositions and nethods for targeted delivery of substances in
an individual .

RELATED APPLICATIONS

This application claims the benefit of the filing date of U.S. provisional patent
application 61/247,535, filed September 30, 2009 entitled “Phototriggered nanoparticles
for cell and tissue targeting”. The entire teachings and contents of the referenced

provisional application is incorporated herein by reference.

FEDERALLY SPONSORED RESEARCH

The invention was supported, in whole or in part, by grant No. GM073626 from
the National Institute of Health (NIH). The Government has certain rights in the

invention.

FIELD OF THE INVENTION

The present invention relates to compositions and methods for targeted delivery of

substances in an individual.

BACKGROUND OF THE INVENTION

A major setback associated with drug therapy is the inability to carry therapeutic
agents to a specific site of the body without causing nonspecific toxicity or inefficient
therapy. With advances in nanotechnology, a central focus in drug delivery research is
given to developing techniques for modifying surfaces of nanoparticles with targeting
moieties which allow them to specifically recognize and bind to unique properties of
diseased cells and tissues and thus, to increase targeting efficiency. Such targeters are
usually composed of antibodies, peptides or aptamers and their binding sites on cells are
specific receptors, channels or other molecules present on the cell membrane.

Recent studies have successfully demonstrated selective targeting of engineered
nanoparticles to tumors and the feasibility of such targeting systems has already been
clinically demonstrated. In order to engineer such targeting systems, the nanoparticulate
system is more effective if it overcomes two main barriers on the pathway between the
circulatory and the target cells. The first hurdle is the inefficient ability of the

nanocarriers to leave the vascular system by penetrating between the endothelial cells
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particles containing an effective amount of a substance to be delivered to
the indi veabedimentsetheinretizodsapgetisngdmingtamihgitnac indyeted ibyeasdabemef usi ng a

phot o-rempvabl e.protectin rQup is.attached to the face of the
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ligand in the irradiated predefined cells or tissues by removal of the protecting group,

wherein the active ligand is capable of binding along with the attached particles to an
anti-ligand present on the predefined cells or tissues leading to the targeted delivery of the
substance to the individual.

According to some aspects of the invention, methods for targeted delivery of a
substance to predefined cells or tissues in an individual are provided. In some
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It should be appigei ahegihbat, tﬁ@ng&{dﬁ%ﬂpygesg%@;pﬁ&s,aﬁﬁ%m, I(giva@tag{ké;h.e

context of a particle Is an anpun IS icrent to ac esired
medi cal elf exte ¢mbalimery.abe petities campospoR GO anY K&K (SEQ g NO:pl)unahe t y  of
particl esaci:i n%ctilq‘l riln Ss;[)r%g %glbto in%erpl?s, al%loljh%tc(}—r'enllo@able protecting group is selected
from a group consisting of 2-nitobenzyl, benzoin esters, N-acyl-7-nitindolines, meta-
phenol, phenacyls and derivatives thereof. In some embodiments the photo-removable
protecting group is a 4,5-dimethoxy-2-nitrobenzyl (DMNB) or a derivative thereof. In
some embodiments the photo-removable protecting group is covalently attached to the
ligand. In some embodiments two or more different targeting ligands are attached to the
surface of the particles. In some embodiments at least one of the targeting ligands is
tissue specific. In some embodiments the targeting ligand is cell-type specific. In some
embodiments the cell type is selected from the group consisting of: HUVECs, MSCs,
fibroblasts, cardiomyocytes and human embryonic stem cells (hESCs).
It should be appreciated that an effective amount as used herein in the context of a
particle is an amount that is sufficient to achieve a desired medical effect in a subject

when a composition comprising a plurality of particles is administered to the subject. In
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3 sone enbodinents, a single particle my be effective if the amount in a
single particle is sufficient to have the desired effect. However,
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in various figures is represented by a like numeral. For pur poses of
clarity, idor ére@tuypoaoﬁbdmemtmmdbéomémet baireigarded es ymdn@miﬁhg use of
"including”, "comprising”, or "having", “containing”, “involving”, and variations thereof

herein, is meant to encompass the items listed thereafter and equivalents thereof as well
as additional items.

These and other aspects of the inventions, as well as various advantages and
utilities will be apparent with reference to the Detailed Description. Each aspect of the
invention can encompass various embodiments as will be understood.

All documents identified in this application are incorporated in their entirety

herein by reference.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings are not intended to be drawn to scale. In the
drawings, each identical or nearly identical component that is illustrated in various figures
is represented by a like numeral. For purposes of clarity, not every component may be

labeled in every drawing.

FIG. 1 illustrates a non-limiting embodiment of the instant invention. Non-
specific (target every cell type) targeters on the surface of nanoparticles are caged to
become non-functional. Upon light illumination, the caging group is released, the

targeter is activated and the nanoparticle can bind any tissue where light is applied.



FIG 1 illustrates a non-limting enbodi nent of the instant invention.
Nonspecific (target every cell type) targeters on the surface of

nanopart iwbestizess6aged t o becone non-functional. Upon PCghus2etblosasieat i on,
the caging group is released, the targeter is activated and the
nanoparticle can bind any tissue where light is applied. FIG 2
depicts a non-limting enbodi nent of the inactive (Panel A) and active
pepti de (Panel B) conprising the YIGSR (SEQ ID NO 1) notif. The
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shows a non-limting inmage of certain caged nanop icles. The
am ne-term nat ed caged peptides/targeters were conjugated to the surface of

carboxyl -term e ol yst yrene nanopartj cl.es 28+ nm .usin

ety - 2 (3 ol RechyPRmaRb e e FRRERRlshlor  Fadg P aits £ from

sul fo- N hﬁﬁrtﬁkéyﬁueﬁjﬁgm&ﬁadﬁghﬁlleac FivatA eioskend @i%zi%pearance of thd &her”
denonstrates non-limting enbodi nents of targeting of HUVECs. FIG 7A is a

macr oscopbenderetie Graeter asaspaspedhhiat iRovhale HG R syt the fse PAMNBeagigg
adhering gl%%ﬁir&%%?hlté’thte?nec(% gst i}@rﬁngt%%” area that had been illum nated at
mn ) i's

340 nmfo arr ow) a mcroscopic view of the cells in the
illumnated area, while FIG 7Cis a

FIGs. 5A and 5B are non-limiting embodiments of qualitative assessments of
HUVEC targeting in illuminated and non-illuminated cultures. The particles appear in

white. FIGs. 5C and 5D are percentage of targeted MSCs and HUVECs, respectively.

FIG. 6 shows a non-limiting image of certain caged nanoparticles. The amine-
terminated caged peptides/targeters were conjugated to the surface of carboxyl-terminated
polystyrene nanoparticles (3284 2 nm) using 1-ethyl-3-(3-dimethylaminopropyl)
carbodiimide (EDC) and sulfo-N-hydroxysuccinimide (NHS) activation chemistry.

FIG. 7 demonstrates non-limiting embodiments of targeting of HUVECs. FIG.
7A is a macroscopic view under UV illumination of fluorescent nanoparticles adhering
specifically to cells in a small area that had been illuminated at 340 nm for 1 min (arrow).
FIG. 7B is a microscopic view of the cells in the illuminated area, while FIG. 7C is a
microscopic view of the cells located 1 cm away. Cell cytoplasm was stained with 3 actin
antibody and the nuclei stained by Hoechst. The nanoparticles appear as white specks in

FIG. 7B.



m croscopic view of the cells located 1 cmaway. Cell cytoplasmwas stained
with O actin anti body and the nucl ei stained by Hoechst. The nanoparticles
appear aswoimtiasgecks in FI G 7B. DETAI LED DESCRI PTI ONPOE/URRHOIOBSENT|I ON
Aspects of the invention relate to conpositions for delivering
agent s/ substances to a target site by providing a conposition that includes
a delivery noiety attached to a targeting noiety. The delivery noiety may
be a particle that contains the agent/substance being delivered. The
targeting noiety may be a targetlng | i gand that is reversibly inactivated
by a nechani smthat al N I Q igand in situ after
the conposition is ad Et-ed - erma everstble i nactivation
of the targeti ngpddegamte ﬁwntttﬁl Ietata @\e@eh §1le§8 quemenmig fa@eth/Bistameasbt | Ve,
heat -sensitive, pressure-sensitive, and/or pH-sensitive nodifications,
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conponent is the "particle/carrier” that can carry diagnostic and/or

t her apeut imord othdi fogss peengrgy inmalgiAsgpects nﬁﬁn@nm@ntldn a@@w fortbawse Cffattsts@r s,

cytokines etc.). .Currentl). ds rs_and S are
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syst em i ngi sigh@SembiR@BMS the a@n@/t@rgettltgetﬁgmatttﬂc@ ts Hest@nesséagentiSigandye
particles can be | oaded with a range of substances 1 ncluding drugs, growth

factors, tqﬁ@mpheo@ sl surfagsl. Hgrohyl asleghing andfprecangentiasing tesgpnipostieieid t o
| ncrease th%%ém QLH&%%BIEC?‘%J;D%r M1 GG EQ%Q%t & g Yi’lrgzhﬂi il ?e@gnt
concentratl ng I OI‘ C easli ng nd ar e

The third corrplmmmte ¢rﬁbdd‘lﬂn6nts,ytﬁé ﬁfétsdttﬁ 1ﬁV|'¢ﬁt1 i Brgedd, Bglehﬂtgﬁpﬁ‘t onlarno&elre

enbodi ments, the targeting ligand is nactlvatedﬂﬁ% caglnglu3|n
phot o- enﬁ%‘%‘lﬂéteﬁ?/%}?@étl?tr?@n Grachnd PHdserdisgensisc ey por K tltt%tltat}%m i gand

I's a cageq;/a oQéH?ila?&HJe%amﬁ%ﬁ%Fnosﬁ@%n%ﬁg}a:fa?eﬁ@cgﬁl@istﬁg }ﬁa &tts 2@y POdI es,

apt aners, receptors and gens) a beh cagin technique
i s that adtswedesite AJGl. il gahte: ftancdmepdanentos ke ‘iplastictederaigerd dhab can carry

diagnostic and/or therapeutic loadings (e.g., imaging compounds, drugs, growth factors,

cytokines etc.). Currently, natural and synthetic polymers and lipids are typically used as
drug delivery vectors.

The second component in this system includes “diagnostic and/or therapeutic
substances/agents”. The particles can be loaded with a range of substances including
drugs, growth factors, chemokines and imaging molecules. The carriers may be used to
increase local drug concentration by carrying the drug within and concentrating it and/or
control-releasing it when bound to a target.

The third component in this system is the “targeting ligand”. In some
embodiments, the targeting ligand is inactivated by caging using a photo-removable
protecting group. In some embodiments, the inactive ligand is a caged macromolecule,
(e.g., one or more caged peptides, antibodies, aptamers, receptors and/or antigens). The
idea behind the caging technique is that a targeting ligand can be temporarily rendered
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bi ol ogi cal |y non-functional (or caged) by chem cal nodification with a
phot o-renovabl e protecting group. Irradiation can be used to rel ease the
prot ecti nyognoupifsom t he |igand surface and restore it ®Cahiskowpsasas att ach

to a anti-ligand, for exanple, on a cell of interest. In sone enbodi nents,
the anti-ligand is the natural binding partner of the Iigand. For exanple,
the anti-ligand may be a surface receptor on a cell and the targeting
ligand is the natural ligand (or a portion thereof) of the receptor.
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peptide, nucleic acid, or other synthetic nol ecule) that binds to a cel
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pr ef er ent hathtay liginduoi qpettivnphi@seMbf i reeptirf Kecadlgdy, e thtg@ane)igarddn certa|n
enbodi nent s, an antl-luga nd may be naturally present on two or nore cell or
tissue typeY bea gturaliin 16&?%@% (Qﬁ%@a@ngﬁr@gmn@ﬂepfa ofakell eHkAs8i ment s, an
anti-liga f se
tate, for LT R TR ol R e B sh Gy e aBr L ERASS
cancer). lmxﬂrmunaammmdnnenﬁﬂmlmhmdamymemmgmmdumnpkbebaegeaepmbeucchannel

protein, opro ein, proteo n ecul any ot her cel
Dot ace’ nirmEel g Rig i R St mORPAR) SRR G et Ry A Sle
junction Rh@hﬂiﬁgéﬂghhﬁﬁo&@mﬁ%ﬁp%mﬁédtﬁnq C%%&ﬁ%&ﬁh %d%&ﬂﬂ%%m%hﬁﬂ@?'
and/ or an ATP channél, an adhesive such , Nfcadherin,

cadher i n, oeadifing mBlecalghdr pame ernmélmmsdfnemmg@qtmtahg@@maﬁbﬂw@lror@m&s, a
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rel ates temBodii¥RQSAr mpllgmlﬂnﬁaﬁw@t@am Preaértion t@b opaldié €dIPsr tbad typent ai n
an effective anmount of a diagnostic and/or therapeutic substance. A

targeti ng(q 8- gaigell patssug ap Odthgnmmb%m@@tsmrt Ahlgandanayrhe spaeifigéer of
the partigl Sﬁlcuﬂpgoddﬁ?o% %"at &lséakefgagkg fb?QxA?ﬁ 1@%%%43? olQé{né he &%R‘{\ﬁ!h Of

t he caglng rou T adicat] on o d% P

after adm ﬂissﬁseatw}oms da@ce). SImba]oﬁfete,mlﬁ)dgnenta t]imatmiqh@anlﬂjrﬂzqtbe a ienepmlr;re

enbodi ments, other fornms of _energy may be used to activate the Ilg and t hat

has been ERj88 RisieHy gbi@ﬁ%frotetuédﬁ?ﬁeeﬁ}é%an P@eéleﬁférl%wéed?rr?@m%herwﬂés i cl es
do not co a ng. t ngly, in
sone enbo %%EFSQM3Q%2§?@§1gﬁg§fag%281§% gg%&aggﬁkﬁeﬁ Fgéﬁgﬁﬂﬂéb t hat
it can becdmﬁdiadBwl timnnal swhgt anea odxﬁnneﬂ]amd/elsan ATRehinnghrad adbgsivessuclaged or

not caged cl.e | oade one enbodi,nents,
Moo To0eoaPERS VBl RRLIER o0 Fitherif Rl cpghe A BopE B st atee. | o
predef i negipaelahd/P CH 33 SHRSHS! 2 @s VPRSI Arids} ASioRSRIdnBaAchraReMeeanl N SONE
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enbodi ment two or nore different targeting |igands are attached %0 t he
surface ofuchtie hpparai edlfae anthier aggregan.i ng | i gands nay be tissue specific or

- ific. h be f d
el 11 MG pERREh TaRE Pehih A b Ruoa P B BiBE - ba O

r ecept or splugiaf BEparfEle @lanSontgh Y effeatvel aifounpPsOf Gaghos6amsd/ondtbREAI
nol ecul es or any other cell surface nol ecul es. Aspects of the

i nvent i onsthgiAnpe Hdegeting ligand Anaghveted Brerigies gandte Hiaghrsd toahmsm@ﬁe phthget i ng
cells whi n

apat; al apuE Bpan KRRy QPLPHARBICRS Tne A ACTIROL A, Bl 0Y5

t ar get i ngirtddgiod .of Met dvad®sition t(foe ek amiglnt i e pftevidaenisottisragoi adsubjedt, k@cal i zed
rel ease of nolecules of interest to any fissue in the body. Conpounds and
met hods ofUPRRSYH SN P SAMELTOR TSy 8T trmp REFRBEUFTY P8 SHisidFTeHs o
discrete [1§zgidocﬁ§t 1k bEéhec EQ@MMH otfef &Hﬁn&ﬁest *iﬁs&ﬁ?é EmBMdlhﬁnéC&l%éﬁﬁtﬁle%%ed
targeting T1gands cuse bean1o (e , ultraviol
infrared)nmnmowhemneme@gwuemmﬂmﬁhaﬁpmﬁewahﬂh&p whcmﬁagﬁyomQMnﬂay be used
for targete el |ver t.o the 0 can ed f or
treat g BoRRPTRbel Haticls et o ombmar fe BRvIHH AR R OsdrEl ity
optic technol ogy or other optical (e.g., near infrared) or other activation
technol ogy that can penetrate the body of a subject to activate the
targeting ligand in a region of interest (e.g., adjacent to a site of

di sease, for exanple near a tunor or other cancerous tissue). The approach
could al so be used to bind injected or inplanted devices bearing a nol ecul e
of interest The Iatter has many potentlal uses, such as t he problen1of

o T 1 1 o . .



Accordingly, aspects of the invention may be used to target therapeutic,

di agnostic/imagi ng, and/or other nolecules to any target site of interest

i n a subjwotn1iRar49exanpl e, a conposition may be sel ecti persacwiossted at a
site of diseased tissue anywhere 8 in the body of a subject. In sone
enbodi nents, the target nmay be in or near an organ that is diseased (e.qg.
cancerous). I n sone enbodi nents, the target nmay be a portion of a tissue or
organ. For exanple, a conposition nay be activated in or near the liver
pancr eas, alsubsgance of mtereds] Abelbgandovaybxcaghe ar not dagerkpridi tdtfwyparbdabeingssue,
nmuscl e tiﬁ%é%i or a portion thereof. In sone enbodi nents, vascul ar tissue
in or nea %'organ or target tissue of interest may be targeted for

activation (e. thsonSeribdiments, (RE ifeM@dn RRASTY 1 IRUREEIod eFsdtbdedivepy &) . |t
shoul d be appreciated that aspects of the invention nmay be used to treat or

di agnose f@staassiospredained eclls ardisprastusiog agoapeoisios ps e¢scabedabove.eln somag

a0t ou t uf APPUFEATRIGEy: Aok SERE G fy APRIR s GURTRAe Bhe oo at e

t hat conpepatitieonThofargdiag iliguedstrhgnbeiysud epeaiftd srindh 8pedfit.nInagdynesui t abl e way.
In sone enbodinments, a conposition may be injected, admnistered orally, or
ot herwi secBedipleaiseths dargstinedigrademey 8F femdonlnon s mssEic ediyrray Mhome

adm ni ste g Y Ly I ] i Accordi ngly,

T Som. ovpad TR RRHE Land Rt R e o ot fe Ol ) come
enbodi menpstecglywany adhdsicmmaotaguléecorpng wilde dell swadck ynoléduleshoul d be

appreci ated that a conposition nay be tivated locally, at one or nore
locations, or ASPEGRMES A EYITIMAY bebrdilior Bigsted deliseRy o diuss LBl of
di agnosi s (2Rqh@Tcefid GRIARBIbt have any vhiqué %Mﬁkag @H@fe%ﬁﬂl(ﬁ@)g}dalgﬁ@stspgﬂﬁ or

nmore diagnostiC and/or therapeutiC agents may be administéred to a subject
in an ef f end fevworatoprrificiio bf fenfeirod ompmantspesfifiatargegogtighnd. aMdhods of

sufficient to pr.ovide. dically desirable result and.can det ermi ned by
one. of skifeipharSid GEMRE pidlePREeRE5a 6P Tl uBher EBediramt €00
ef fecti veirf@Bbdy.i SodPodit®Und méktodk of @8 uhdentibi aBGY deIRaPYLiRtpentit t he
condition being treated. In sonme enbodi nents, an effective anount nay

depend onCeRROKIE taAticisiaegionpel @e Sedwby shtue o Hierdbdiy e p¢ityatorcage®d and/ or

f . 170! iti | i " ST
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use, for exaeplEreasaplepthid dppyoach enagrbd/ueed fon targsted Ueldleing thadigrkiat her
know edge of conpound dosages. Sinmilarly, effective ampunts of a diagnostic
agent can?Mecidape Al falbousddonticaing ot ieglhrayiodth e aphef mimimalhy

Accor di ngly,igd pif?& @@éc’ﬁngl%gf 6% g}ﬁgre%{?%(gfgt?,irrt%ﬁlbﬁ!fﬂa&dé‘g%tﬂéﬁatc%ﬁt?o | (r:]i ent o

particles, an effective anou cle is an anpbunt s
cont ri but echiwlagy thhadanglchetcdte the tadpoht sdijedge activateethe taagdtimg lignbdinac count

the nurrbe;e Oof cgfa e ieC| @S Fa@?ﬁceﬁrtg aasgtgi o) Eiiss;[:aesg efcojr 1f":)?angjl lg Hgalr%%m%‘r” gr (gt eer
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cancerous tissue). The approach could also be used to bind injected or implanted devices
bearing a molecule of interest. The latter has many potential uses, such as the problem of
reloading the drug content of implanted drug delivery systems, treating infected
hardware, etc.

Aspects of the invention may also be useful to transfer drugs across the blood
brain barrier. The compositions of the invention may be produced using targeting ligands
which can bind specific anti-ligands present at the blood brain barrier. In some
embodiments, the targeting ligand is transferrin or insulin. In some embodiments, tissue
non-specific targeting ligands are used in combination with the tissue-specific ligands.

Accordingly, aspects of the invention may be used to target therapeutic,
diagnostic/imaging, and/or other molecules to any target site of interest in a subject. For
example, a composition may be selectively activated at a site of diseased tissue anywhere

8



When adm nistered to a subject, effective anbunts of a therapeutic agent
w || depend, of course, on the particular disease being treated; the
severity Wb 20h4dissease; individual patient paraneters Patiusdéngsesge,

physi cal condition, size and wei ght, concurrent treatnent, frequency of
treatnment, and the node of adm nistration. These factors are well known to
those of ordinary skill in the art and can be addressed with no nore than
routi ne experinmentation. In some enbodi nents, a nmaxi mum dose i s used, that
i s, the higthedbpdsaf esubire hcworedinnpdimess ihditanget nealbejindgnesnian oanithar | y,

effective. ajopunts, of a di agnosti c agent,.ca end on one or. .nor

par anet or 5 el s Sper RO Sofy SR B Rt Sy R B o ot her
medi cal  cangk bt 6fEn OFofeaubilE Glcomposition hiy RNt RIRDE JFeRkiSthe &Rl f €Cti ve
amount of a therapeutic or diagnostic agent typically will vary from about
0. 001 ny/ Rgpcress dybgitcolmobladggrkeprviky hﬁﬁrtag@m kgingy. bege kigsueonutsdtissps®ray/ kg,
from abou . g . bout 0] t 250
o ko, 1 B ahiReE Sl o AR GT e (R A s TR Pl A0

admi ni st r af inersst nfa@rbeangeted feerarvalondays usidgpghdomghafeneyrsearcof the node
of admnistration and the factors di scussed above). Accordingly, the

ef f ect i vedessibeft haseinanlt shid be apmieciptsd thag asngets op retinygnéion dxyrhegsed ter ei n
(e.g., a rt.i - W DUDE T off Lcleseand
fr equency[r%{tg);i‘\otz(;lirﬁ1 |m(g:) e(t)g r%{%%l}n\éql% gte %gfr%ﬁ{]% cg&sﬁl?gﬁé )ect ) Iﬁ{tlcglr%lggfécf% IEeigrgio%?eci at ed
t hat one efangke,ld vertabtakee aamamma e ge tadrumanearapgyicofiniabdeddetiapenimad) and/ or

di agnostic_regi.nme as on the amgunt of agent .that is | oaded per
par €1 . SUREATIGAD el STt pritrsued Rt corpeosHEiRe of Litarueitien BEYS, ect i n
each doseyqanidbgid J@%ﬂgﬁl% waly. @ﬁjﬁ&ﬂ% §r}1l_5§&ihféﬁt-s, 4 Ebrﬁﬁ%ﬁio?ﬂﬁ%%éé??%ﬁad, each

of these parameters nmay be varied to deliver a desired (e.g., fective)
anount of admymntqred otadly aorsuthjrease admigstered. Ruseme smbpdiotents, & pompesetion

enbodi ments, ,the nunber .of particles adm ni.stered in a singl.e dose nay be
T the r algs PhASTBEIPEH iy RR0L iRl B, BESHe oS A QR BEGRERY § o or
t her apeut e@bad@igiRhtsCaBorRfosyddn @8y bep@videB¥ydtéhicaing Inh@nRrewbuidimeits,particl e,

t he frequency of adm nistration, t?]e nunber of particles that are

adni ni st efeEposiionamanhdpieaided hocaHer Echyuld be gppigriatedrihapgntposign nay be
effective j L r.a i S artl ar

pat ot - BRGNS e 4P ke AR B GRPILS ol R PR bR O

| evel depangtedwpdiaghdsss aclorvicaymeadt).t he particul ar agent, the route of

adm nistration, the tissue bei n}glj treated, and prior nedical history of the
patient being tsBayldde apprgeigied thatone or goqdiagnastic and/py themapeyic agents impyst ar ¢
doses of . ¥ i . I kcl es) at
| evel s | okggdr?%%érﬁégjuigiuggj&? gp&a%%&el%%gﬁ%ﬁdgg} éﬁg h%]%%lg%%l?? |td1(l: Bgﬁgn;t ?)slet and
t o gr adualbse sufferi@aseproneledosatenliyniesiratiheesale snd enh tef dettinesl tgodnesdfed. A

Particles/Carriers . . . . .
skcl:ﬁ in the art using routine methods. In some embodiments, an effective amount is an

amount which results in any improvement in the condition being treated. In some
embodiments, an effective amount may depend on the type and extent of disease or
condition being treated and/or use of one or more additional therapeutic agents.

However, one of skill in the art can determine appropriate doses and ranges of therapeutic
agents to use, for example based on in vitro and/or in vivo testing and/or other knowledge
of compound dosages. Similarly, effective amounts of a diagnostic agent can be
determined based on the desired diagnostic application. Accordingly, since agents
described herein are being administered in particles, an effective amount for each particle
is an amount sufficient to contribute to a total effective amount of agent when taking into
account the number of particles that are administered to a subject and the frequency of

administration.



In certain enbodi nents of the invention the "particles" of the invention
conprise a bioconpatible polyner, which preferably is biodegradable.

Sui t abl e Wwolzgners496ncl ude, but are not limted to, poly@eCaaseeoossgs ycolic
acid), polyanhydrides, ethylene vinyl acetate, polyglycolic acid, chitosan,
pol yort hoesters, polyethers, polylactic acid, and poly (beta am no esters).
Peptides, proteins such as collagen, and dendriners (e.g., PAVAM
dendrinmers) can also be used. In certain enbodi nents of the invention a
poly (beta ani Mheasderiistersdpoandbjedr efbecsiab nmonntd ef i terdpgotic hgemewvfl] i s used
as a carrier.dT carriq caq.bg sed %n.the Jﬁf¢?°f n%crgﬁarticles,
nanopart i 889 A&PPGe 5“’ HBIHCVEr ng%FrSFi ging dreatgyhg FOELROEE 4BF&Chanonet er
scal e conpldevdil phticht PiahRices Reiuding age. physRRaC@ntirion, @pdAM WeBhe of the
invention the particles nmay be drug §éllver devi ces conprising a solid

mat eri al SQNEHITERS (FROfYensy frequanag @f%rqarm‘ﬂégmlttg@nwﬁ@ pf adpingsepsulRast ng, a
therapeut ¥a%{0?’9§ﬂg%elﬂ-ﬂl%vﬂ][ ftSse'o? oh{fﬂr?%ﬁiﬁqn #ﬂl&ta?t }u{zleca %?)ﬁdgltessteﬁ%'lhoxfoat ion of
the target tissue or 1nthe vicinity thereof, or 1n a location distant from
t he tar getnokd shanleoutihbexpdianapsion. dn agaatmbsdiiehsas athxfimamdoleis peddy e i C
matri x upon light irradiation. The therapeutic agent can be rel eased by

di f f usi onis- thedyglsal S2EdQse aeanEdipg te srmp angdigat judgaient eYimidpdy. ifscare. A
pol ymeri c i | Sil J i 1.0 a
umber of “GrpH &SR IR aducin B shonCr b DN EPEL MM EREHEE Zes
(whi ch maphwlicbcdmrlitief, size egeigit, asl dbadscditdl condigamksof anubjeospher es,
nanoparti cl es, . nanobeads,,. nanosp?&res, etc.) Cﬁg?be used.. Polyneric

m croparticl eshhﬁ‘?cﬁnet%_qd“agléts’fa&re FH‘QB yeeymyef ot ! %PeWé‘_F P HAGIASHS ASGhe art .
Such part (ph@fy iR vhkRGAlabY¥u @RI 10% L5 MR LS hvou POGT hgAlg, frBmSiBRE BlngMBY have
i rregul ar 'Shapes. Cenerally, a mcroparticle wll "have a di aneter of 500

m crons oto dbeus75kmg/ke, tremebent &0 mpde ®Gdont ¥l0ong/ke bleemeabeutd00 mgdke30

nanopar 1 aratary oo sk EneREINEED: i PO R R Pape o

t he parti gdiniSratibhe @t odk or bdv@Fal ldAs (depandengvafl doufsy BF el hydecsdr r espond to
that of m crospheres or nanospheres. e polyneric matrix can be forned

i nto vari adminigrRpan end e dawors digsessed abdveas Aggrrdingly, thegitiectiveosounspgan  whi ch
may have iff ' . | rating
therapeut?%%@ y‘%@%?%ghggén %3@%%@aﬁgﬁgﬁé?%§U§§?¥$§%EQ§§%§ Héaﬂﬁﬁégﬁhe art.
Sol i d nandpatubibel eSpoticlsd ardfpajuehey @pactidie bhdmimtiatios tagsubisct."TRshadd kaown i n
the art including, but not limted to, spray dryinq, phase separati on,

si ngl e an@PRIBUNPE TehOPSPioHls B DeAt cay dpsiaint 8RPIORHY BFfansyts &t¥elon, and
simpl e andi,GASTR G fOACEIYAh Bt an%ntamgeﬁ%aﬂg%dd@&t 150 e fi¥bd}g and

t he doubl e emul si on process. Sol 1 d agent™-contai ning polyneric conpositions
can al so bfparades thsi nrg agmanstbatl iton sutgxdt inisachriosandd dre fsgjuengnifzat i on. The

nanoparticles.used ip the present invention are well kngwn i.n the art and
ncl ude t AGBEIHAEER | [etpmie freRagiipents. paapt Pee Pogmelers g HEREeE I8 SIET 2009,
9, (8), 283&sired¥e.gBapraétk@) am¥unt® a%ént(sNﬂﬁPsdbié& (2907 hurfan £u]e?3c(t5) 3R8sSm¢0; and
Farokhzad, 0. C et al. Proc Natl Acad Sci USA 2006, 103, (16), 6315-20.
I n sone enbedimentssthe mhmbaneigpatialéscddaynigteeed inposigiedose|maysleni thatsogé ment s,
t he nanopafhgqu%mare car boxyl -term nat ed pol ystyrene nanoparticles. In
some enbod His, the carboxyl -term nated pol ystyrene nanoparticles have a
di aneter of 328¢wdl fdBagdleCels OF a diagnostic DrehezgRdiit hgins casBsvdredre. gpayi ng t he
m croparticles nmay be altered to yield particles of a desired size or
property V&YHE theguewpmsbpatiely, thaigaegiy of admipistadonrthe nunbeish oreigles
stickinegg are%ﬁﬁﬁﬁstfl%hc Pa o%nﬂﬁ)tnnﬂge&ﬁ t&BﬁB@rdn%&u%?th%ﬁste GbAgd the
condi tions {e.g., SO veh?, %enperature, oncentration, air flowrate, etc.)
used may adisevedbpaerired theripeudgenpobeiftin prdapsuasicedcanpldsitiont lrhdanegeosi ti on
of the polyner matrix. If the particles prepared by any of the above
met hods hal&mingtadon Jhe selgeied lawep e veherrarss 1Rog ety chEheRifisU&les can
be Si 2ed, a{ i, XA & actihidBacfors IRAR A b EEaii] 36 BEBARENEARIGGSI due,
Met hods devel oped for naking mcroparticles for deltvery of encapsul ated
agent s ar thegmgentiboer traatedhdldwdver, att i mathin the skillSdlthelarp ol stare doszg ehthe
conpositions (e.g., disks, wafers, tubes, sheets, rods, etc.) can be
rebared BT Grdost ke ey gt plibiS et R Spk b bholriiRe e are.
For exanple, in the case of polyners that have a nelting point below the
tenperature at which the conposition is to be delivered and/or at which the
pol ymer degrades or becomes undesirabl yOreactive, a polyner can be nelted,
m xed with the agent to be delivered, and then solidified by cooling. A
solid article can be prepared by solvent casting, in which the polyner is
di ssolved in a solvent, and the agent is dissolved or dispersed in the
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Many of the useful polynmers contain both chargeable am no groups, to allow
for ionic interaction wth the negatively charged DNA phosphate, and a
degr adablwonegimmossuch as a hydrol yzabl e ester |inkagePCEAmaqponsIsaé t hese
i ncl ude pol y(al pha-(4- am nobutyl)-L-glycolic acid), network poly(am no
ester), and poly (beta-amno esters). These conpl exati on agents can protect
DNA agai nst degradation, e.g., by nucleases, serum conponents, etc., and
create a |l ess negative surface charge, which may facilitate passage through
hydr ophobichienerthe derarsd (lergpentic yifor had toi graduajlyasaeask theeddagrowml! thenucl ear) of
the cell. Certapn conpl.exation agents facilitate intracellular trafficking
events sugﬁlrggegﬁ]‘étd%g eer’QScape, cytoplasm c transport, and nuclear entry,
and can dissociate fromthe nucleic acid. It has been proposed that such
agents nmay act as a "proton sponge"” within the endo sonme. B.

Di agnost i & Phsicleplbiations agent s A wide variety of "diagnostic and/or
Eher apeutic ,‘?‘gﬁpé&tai l%(p(ﬁmler%gf &%ril?\;e%goh Q- taﬁﬁle%aglillh%!iﬁéentig comprise

t herapeutic", as used herern, 1t s neant an agent having a benerici al

ef fect onabheopphiitdapolyAr,usitich pefeitly id bieddgadabld) Sua@Bld tpobyness Biy¢haay nous
with the termdrug.. Suitable therapeutics include, but are not limted to:

ant i neopl B&tare nefdEnited tonppldardis  cocglyepticieis). Ry Bhykides, ethylene Wyl obi al

agents (antd.: antii- ws i i.hi:otiGs f.am ns,
ant1tuber o O eoliR Atk iR poBOh ARy BNl G o o
ant i angi nélesa amambiestosguPemidss, prateme ttuahsys codaghnagndydendasiedes,g. FANVIANMIscul ar

bl ockers, .sedati ves notics), and | ocgl and ner al .anest hetics. .

At - neopf ST Gane YRR ok BRI SPRORSEY Hibe MBI Bl AR EBiBounds
(e.9., SPLiaPkéhpSundCbSPLAL dritieridfeh GRELOD ALk hs 2 BREBLTIRX@HSer @bk anycin,
m tonycin, ansamtocin, bleonycin, cytosine arabinoside, arabinosyl

adeni ne, nsadgaptediouhpl ye¢mpartigienagrangparndes, bolsdidfogrleliodry ertwbdsuaid/or aval phal an
(e.qg., PA - PAM or, phenyl al ani ne, must.ar d mer capt opuri ne, mtotane,
procar baz%'éll)_lﬁ%?%wlgsrc?@é:oagi% ‘ﬁ%g}lﬂelﬁ&%{di' nomycin D), daunor ubicin
hydrochl ori de, Iif@¢QinkdheddimBytd boaRligvdnden tHegpedlicledhhPBY &g depldrganmyci n
(mthranycin), am noglutethimde, estranustine phosphate sodium flutam de,
| eupr ol i déedgsstcamerisinggaetid s1atebsuchas polymsxicirasfris impegpated géthePact one,

trilostan i a i - [,a0l 4

aspar agi naaP BRGls, 8Bl *PRAUARAL gl 3SR AL ool

t eni posi def th¥hrgé)tissud artih ast viciaitg thefadf cor(ivlaBdcativh diskans fioneths triettiBsue.

bl eonmyci n, bl eomyci n sul fate, nethotrexate, adrianycin, and_ arabinosyl.
Exanpl es &he HSFapsRasagentis delgased fromyfhe pebimaricmatay upen lightgiasiatien mbhfe.|

mel anocyt LI ' r - 1ol &]hr@t ' | ghat e,

bet anet haggﬁkﬁ%ﬂe%hgt nggolﬁle%g%geb?% féfﬁ‘sg!r)]@ dtf):g?g%%t astongagglgﬁt%{ap oglghat e,

vet anet hasdhdardipsdei um phosphat e, vet amet hasone sodi um phosphate, cortisone
acet ate, dexanet hasone, dexamet hasone acet at dexanet hasone sodi um .

phosphate, fl uniBoYTde mﬁ?’d‘r?&&’r"ﬂ“@&ﬁ%?arﬂ%r” s PYbiog Myt sitrRe a nu

hydrocort hs@ifRreay HapBat Bor cRNEAPRCRidrb SR8 SO HidL PSR @ mby SkO6OTr t i sone
sodi um succi nat e, net hyl predni sol one, net hyl predni sol one acet at e,

met hyl pr ethfiérsesl torie bsaldi miarelaads, maitesplivdiesa nandpasishes, zanebends, nappsphaiesol one,

dni sol , dni sol di h dni sol b ,
or cdni sonB T Bt NG e RB TRa SRR e PRIV AR GRE o

di acet at ekndwi 8Nt BAl DA ﬁaﬁmea&@gjpdﬁua Approk k€16 OplidrRana sagwifit enay
Potentially useful ctokines include, but are not limted to, |ynphokines,
i nt er | eukhvg ireglar shapesn Senerally. @Heisspapicde will have adigippfreefl W0 rBigrABO%i ns

cont errpl a}egg ei %,cﬂeﬁgg% ﬁ%dajroanlﬁgfonls,i ﬂ@t&z@e‘ﬁ f()oand%%lt%fcﬁlstlg)% n | hl‘fd b .
LT-t oxi n, tOX1 N, Shiga toxin, pertussis toxin, tetahus toxin, Saporin,
nodecci n, ng@bad)ibatwaea 1tanddo nlieneSind afraabdmirticle will have a diameter of less than 1
micron. If the shape of the particle is irregular, then the volume will typically correspond
to that of microspheres or nanospheres. The polymeric matrix can be formed into various
nonparticulate shapes such as wafers, disks, rods, etc., which may have a range of
different sizes and volumes. Methods for incorporating therapeutically active agents into

polymeric matrices are known in the art.
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Non-limting exanples of antimcrobials include antivirals such as

acycl ovir, amantadi ne azi dothym di ne (AZT or Zi dovudine), ribavirin and

vi dar abi rworrongliyedsat e (adeni ne ar abi nosi de, ara-A); anPCcTfusegalosegent s
such as ketoconazole, nystatin, griseofulvin, flucytosine (5-fc),

m conazol e, anphotericin B, ricin, and pMactam antibiotics (e.g.,

sul fazecin); antiprotozoans such as chl oroqui ne, hydroxychl oroqui ne,

met r oni dazol e, qui ni ne and negl um ne anti nonate; and bi ol ogi cal response
modi fi ers suchSelsd nanogampictlis pe pti¢rdpartiohes ean/ba magreytinglay metbodbiavn oethe wal |

conponents, .| hoki nes .(e.g.., bacterial .endotoxin such as

[ popot ys it BuhEs e, S5 FibontRE g cHENe AR doue pact er i a
(such as MueRRAGHEhEevabBMBERBREET dxdactidl)@né ViRipheidCcohhPePtdadervation.
N-acetyl - muranyl - L- al anyl - D-i sogl ut am ne. Ant i biotics include, but

are not | Caitgiadnatigodsdegadmraycdly tigaang Hehdable ermdsing eresess etodiel agent-

cef adr oxi L1 r adi ernyt ClF | [ o cin,
rot o111 P EERETeRhche ERRRLAEES I S LM SehdSaT Elduiod AFERY

cycl aci | | bpherquigidtionathé hanopahiRledaiséd inthe pRbéritihvehtion alaiadi kdawn inakeat | 11 n,
penicillin G feni cillin)V, ticarcillin rifanmpin and tetracycline

Exanpl es 6‘]‘4 imRtude thepe S’?ﬁ?ﬁ'b‘%ﬁ’ ingdetailhia Myjbidi, Sy et %r@a’ffb@‘fﬁei”rﬁq d9(@)- @S uni sal |
i bupr of enBl;'Z%E%g t RAG) ?i) NIRE 9] 208781 ﬁog,”ﬁf@nﬁﬁhﬁd R&oBnzaN38T X801, Proc.

oxyphenbut a phenyl butazone, pi’réxi cam sulindac, tolmetin, aspirin and
sal i cyl at &gl Acad Sci TSanPOMs 103, (Vo) % N20.i Inclousteenihodiraerss, iad ndnopartiekts t o
cyanocobal ami n neinqic acid, retinoids and d(gri vatiyes such as retinol

pal mi t at e ARGSANEo B SHEF gmbodiments, he IaRpRACticles A CRPGRYF e | nel ude but

are not | bait@fnt AaRiPaRichY N1RS&hE 6&bb&néﬁisgtheic_ﬁ%k%@efhinﬁé@ﬁ){ésméd% sulfate
cycl oserine; éthanbutol hydrochl oride ethionam de,” pyrazi nam de,” rifanpin,
and st r ephampeitigles hiafeaa diameter Bk 3apt 29mofFlgné). r heumat i cs i ncl ude but are not

e, o ek LA SR SRl Pl AR h Oy BRI o e,
heparin. particles BKa8¥4iRE sRE of bfopettales ¥ hfrbgfobidie] HetRophiticiey, exteedal | im ted to
propr anol gllo;rphr(’gila(;[gzi‘/?$')s|tilcl(zinﬁz)é)st",e srlllgql)éa,‘ teg:r.f Tshlécnrlletfal‘osd gfl I;JrE:Szfrinlgot}rllg I')article and the

conditions (e.g., solvent, temperature, concentration, air flow rate, etc.) used may also

depend on the agent being encapsulated and/or the composition of the polymer matrix. If

the particles prepared by any of the above methods have a size range outside of the

desired range, the particles can be sized, for example, using a sieve or other size

separation technique. Methods developed for making microparticles for delivery of

encapsulated agents are described in the literature.

Solid polymer-agent compositions (e.g., disks, wafers, tubes, sheets, rods, etc.)

can be prepared using any of a variety of methods that are well known in the art. For

example, in the case of polymers that have a melting point below the temperature at

which the composition is to be delivered and/or at which the polymer degrades or

becomes undesirably reactive, a polymer can be melted, mixed with the agent to be

delivered, and then solidified by cooling. A solid article can be prepared by solvent

casting, in which the polymer is dissolved in a solvent, and the agent is dissolved or

dispersed in the polymer solution. Following evaporation of the solvent, the substance is

left in the polymeric matrix. This approach generally requires that the polymer is soluble

in organic solvent(s) and that the agent is soluble or dispersible in the solvent. In still

other methods, a powder of the polymer is mixed with the agent and then compressed to

form an implant.
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Exanpl es of antianginals include but are not limted to diltiazem

ni f edi pine, verapam |, erythritol tetranitrate, isosorbide dinitrate,

ni t rogl yowoizni{igh4peeryl trinitrate) and pentaerythrit ol PCEUSAM0ONEEREIE.
Exanpl es of anticoagul ants include but are not limted to phenprocounon,
hepari n. Exanpl es of narcotics include but are not limted to
paregoric; opiates such as codei ne, heroin, nethadone, norphine and opi um
Exanpl es of cardiac gl ycosides include but are not limted to deslanoside,
di gi t oxi n, di gbang of diegistiall polyaed aingiin hpthshargeable amumngybess, tsf allow for

neur omuscul ar. bl ockers i nclude but  are limted to atracurjum.nesyl ate,
Dol T am ot iR vl GE peaFvel ehRlefe BRAPHEPNRE. SR IERBls SR

pancur oni Wishtk Ay foly SURGsRY lifkedel Bafmblealof s ﬁlumggt;m#hmmhl oride),

t ubocurarine chloride and vecuroni um broni de. anpl es of sedati ves
(hypnot i c8ninohetylidleghisolig pedhdetwarkpelyrnigo oD adngi RodY (betindyprelssteEd). sodi um
apr obar bi , bl tal . .sodi ral. hydr . et hch |,
ethinanatg?&?fﬁﬁgggggﬁé%%@FH%&ng%ﬁgﬂhgF%%ggﬁﬁﬁﬁgg?mh%E%g?ﬁﬁ%%%ggzine

hydr ochl osdram, compohys, ko mndrtraez 0leanmdpndroalitae chiege, pariet thahyabdlitate

pent obarbital, pentobarbital sodium phenobarbital sodium secobarbital
sodi um t BRssegedhrovgl hydiophehia A mbrangs & &nrytoplasmicElyseromal, egelojogiah

anest het] fciedgoHAe UL Calfen Bohpll MdiellehQ rRHMLARAR Y HARRRIDIL AR
chl oropr ocal ne” hydrochl ori de, etidocai nme hydrochl oride, |i1docal e
such as endosomal escape, cytoplasmic transport, and nuclear entry, and can dissociate
from the nucleic acid. It has been proposed that such agents may act as a "proton sponge"

within the endosome.

B. Diagnostic/Therapeutic agents

A wide variety of “diagnostic and/or therapeutic agents” may be incorporated into
the particles. By “therapeutic”, as used herein, it is meant an agent having a beneficial
effect on the patient. As used herein, the term therapeutic is synonymous with the term
drug. Suitable therapeutics include, but are not limited to: antineoplastic agents,
hormones, cytokines, cytotoxins, anti-microbial agents (anti-fungals, anti-virals,
antiprotozoans), antibiotics, vitamins, antituberculars, antirheumatics, anti-allergic agents,
circulatory drugs, antianginals, anticoagulants, narcotics, cardiac glycosides,
neuromuscular blockers, sedatives (hypnotics), and local and general anesthetics.

Anti-neoplastic agents include, but are not limited to, platinum compounds (e.g.,
spiroplatin, cisplatin, and carboplatin), methotrexate, adriamycin, mitomycin,
ansamitocin, bleomycin, cytosine arabinoside, arabinosyl adenine, mercaptopolylysine,
vincristine, busulfan, chlorambucil, melphalan (e.g., PAM, L-PAM or phenylalanine
mustard), mercaptopurine, mitotane, procarbazine hydrochloride dactinomycin
(actinomycin D), daunorubicin hydrochloride, doxorubicin hydrochloride, taxol,
mitomycin, plicamycin (mithramycin), aminoglutethimide, estramustine phosphate
sodium, flutamide, leuprolide acetate, megestrol acetate, tamoxifen citrate, testolactone,
trilostane, amsacrine (m-AMSA), asparaginase (L-asparaginase) Erwina asparaginase,
etoposide (VP-16), interferon ct-2a, interferon a-2b, teniposide (VM-26), vinblastine
sulfate (VLB), vincristine sulfate, bleomycin, bleomycin sulfate, methotrexate,
adriamycin, and arabinosyl.

13



hydr ochl ori de, mepi vacai ne hydrochl ori de, procai ne hydrochl ori de and
tetracai ne hydrochl ori de; general anesthetics include but are not limted
to droperwdabi/@toa date, fentanyl citrate wi th droperi e¢olrjUusk@banisae
hydrochl ori de, met hohexital sodium and thiopental sodium and radioactive
particles or ions such as strontium iodide rheniumand yttrium

O her therapeutics include genetic material such as nucleic acids, RNA and
DNA, of either natural or synthetic origin, including reconmbinant RNA and
DNA, anti senseERNAplandf BNmoanadingiuldbud pregtoh &mitedwd,|grédxh hotippes of genetic

mat erial that be ed. i ncl ude, for  exanmpl.e epnes carried on, expression
Vector o sERnEty rBRHEEE noiondrfuatisl SEPRR R B eRSSp R e S R R R cones
(YACs), apétagiethecdnk\iBette andBbR/thaVdleiSeRim @msta&ethSﬁn@&k&ﬁumbot h
singl e and doubl e stranded RNA and DNA and anal ogs thereof, such as
phosphor oPhesphtte. wimyhasephendan Phewhete. elrfigigaestyisuddxapcthgaene,

Addi ti ona e e | al . L ned, . e . W.th

pr ot ei ns g%%%W%@go%%ﬁé%%?ggﬁﬁﬁéh%0?$§%%§ﬁpgg, %%?@mP%gﬁegﬁgﬂg(g?%%%htic may
be appl i edydistdrgsdnracane! balpbairesone k9piogaalpldescodtisshe ghdtuiphbgspker e may
contain nore than one therapeutic or mcrospheres containing different

t her apeut PXEOFRYYSHE seolugHHCRindeemadylprednisolone, pedylnpieddsaoneagetagtsnost i c
agent" co i : j i j [.sease
R e O A R S

radi oi sot eqese, piydgsol@iegodunsplansphdid, poednsobnte tehitaejfredi{mach as

| uci ferase, and 1fI uoresceiln and h[aav. met ?| soé.such as gado] i niunm.

Accor di ngFiPMGIRolQe, fiamqiRelansgcsianides fancitolane tiacritetiangholofer apeut i ¢
agent may b ca&oRRRhhdBudPE&ighi acBid&d €i ¢ acid (DNA or RNA), small nol ecul e,
or any conbination thereof. C Targeting |igands As used herein, the
"targeting |igRaghtidhnpein ewkiney inoysie, bt anphadimhieedftorlymiphelineser e exi st's
anot her mol ecule (e an "anti-ligand") that binds to the |igand, ow ng
to a favof*né?ffeéd(’(“is’.lgFe?feﬁoélﬁaqqdvc&fmgkléﬁ@e in free energy upon contact between
the |igand andeamhple geadotodine cbntB@bRe:dIatMEs But i nbi Baned a&nehasii - | i gand
can be specific with binding affinities in the mcronolar to piconolar

range. Li et rigsts LMoy 63 parip sShigd o, aerawsis dern datanolgyin, saporin,

enzyne/ su . e, MB@AE ENALRNA, (. BNV RNA,  nucl ei ¢ acid m smat ches,

conpl errenpig)%&%ﬁgleel C acit $and mljcﬁaelocr:' acid/proteins. It will be
Non-limiting examples of antimicrobials include antivirals such as acyclovir,

amantadine azidothymidine (AZT or Zidovudine), ribavirin and vidarabine monohydrate
(adenine arabinoside, ara-A); anti-fungal agents such as ketoconazole, nystatin,
griseofulvin, flucytosine (5-fc), miconazole, amphotericin B, ricin, and pMactam
antibiotics (e.g., sulfazecin); antiprotozoans such as chloroquine, hydroxychloroquine,
metronidazole, quinine and meglumine antimonate; and biological response modifiers
such as muramyldipeptide, muramyltripeptide, microbial cell wall components,
lymphokines (e.g., bacterial endotoxin such as lipopolysaccharide, macrophage activation
factor), sub-units of bacteria (such as Mycobacteria, Corynebacteria), the synthetic
dipeptide N-acetyl-muramyl-L-alanyl-D-isoglutamine.

Antibiotics include, but are not limited to, dapsone, chloramphenicol, neomycin,
cefaclor, cefadroxil, cephalexin, cephradine erythromycin, clindamycin, lincomycin,
amoxicillin, ampicillin, bacampicillin, carbenicillin, dicloxacillin, cyclacillin,
picloxacillin, hetacillin, methicillin, nafcillin, oxacillin, penicillin G, penicillin V,

ticarcillin rifampin and tetracycline.
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appreci ated that any nol ecule can act either as a ligand or an anti-Iligand.
In sone enbodi nents, the ligand conprises a peptide, an antibody, an

apt aner, wWorerdpi4«s or an antigen. The targeting |i gandPoaysh@oionesss i vat ed
by cagi ng using a photo-renovabl e protecting group, heat-sensitive group,
pressure-sensitive group, mcrowave-sensitive, a pH sensitive group or any
ot her group that can be renbved upon exposure to a suitable energy source.
The ligand may be tissue specific or non-specific. In some enbodi nents, the
| i gand is ti sstsamplas shadi-fiflemmatories in¢ludsp het aebodimited t, diflimasalar get i ng

i gand may _be inactivated b i ng. usi a .phot.o-rempvabl e, pr.ot ecti ng

or oup. 1 neyareap sl ecBSg S e PuC HH e oG BlERE

phot or emMoyRdHyEBIZBHE piloxRak, Mlhlac, 3lintetin] &paiOad)saliehit s or conceal s
(e.g., by disrupting bonds that normally stabilize an interaction with a
target nol ecul Examplepphivitaminginchee bytirie prblimited (p oienocobrlemihaeigeicaeidof a
particul af. g0 aﬁﬁ‘ﬁwva?fvest {L%h Ly %%%1 Pﬁﬁné@%, Eﬁde&-'to%oghé}gf ance) an inportant
property necessary for brological activity, e.g., an active site or a

fol di ng patt er Rxaraplgs odivititadidudars idv@udediut ademos linkitee abpdh-ABRNESalidyie presence
of the caging group on the targeting ligand will change its caonformation
and t hus ®fif{SYiREISrEPeaRyEH stiat cyflotaime; sthambrtplhydrechigyide ethigaaipide-ound on
cell surf : Vakanffin th8 sGasdbhgcdlQipeact i vates the |igand. The
targetingﬁﬁﬁggﬁgﬁ%é égﬁg’éhtﬁya%ttggﬁg to the surface of a particle.

I n sone enbodi Eeahples bhantirhgamdice owprde desara npeimitde fo gmi@ldminedy, an
aptaner, a receptor or_an. antigen. In sonme enbodipent the ligand .is a
pept i de’ compr | ERHEPSROGHt 38T deeutIEREE DUbHE P RY LA P RRSGHIE o be
vital forcbple@bhApsREQRMQL pREFeicafhonghl napdrachment . As such, the peptide
can be tenporarily rendered biologically nonfunctional relative to the
correspondi ng Papnpldeobgirandagenyglrugsiingude bitarongtdimiealidh grqmrancdelt i ng gr oup
(or other r abl e group). The "jinactivated peptide" is an above-indi cated
"peptide"n§§¥§ﬁcpgbwgﬁﬂﬁféﬁl%V%V%g%??rIy i nactive by coval ent nodification
(e.g., caging) ERymplee ofdritRGHINER indidecbup ARl bt ligiied abletieat aEtdip@edr oup (or
ot her renovabl e group). The "inactivated peptide/particle adduct" conprises
an "i nact Veapal.paphiitpd tetighitake, isosebidg|dantrpte, BitroglyRadn (bycehd tenippigte of a
particle I Sl . ce of interest. It should be appreciated
that in s%ﬁgagﬁ%%ﬂgﬁg%ﬁggﬁﬁ%&Tigand may be any suitable nolecule (e.g., a
peptide) that Bkineplet of antieehdulsiss inalide ol @€ ubelithaat io-phegaodyumdhe cel |
surface nplecule may be a protein receptor or other cell surface protein

t hat is_cgﬁéﬁpe of binding to a specific ligand (either a natural or

synt het ic ligapd)y, les of narcoéic@ imie R TRHiRd td Bﬁe%(ﬂ‘fcg%f)fafég shél‘?%nd may be
specific for an anPl-Ilgan that 1s present on an endothetial cell (e.g., a
surface antdegenhavimmetndond)@iarphine ehd dpiudccor di ngl y, upon activati on of

the targeting Ligand, an attached particle nmay bind to an endot helial cell.
| some enbodi Fengies el PRGE Aot u i netitisa o S8LEiRs. be

acti vat edgfooRinNdighLineMgRiieAddaligie®is! s in the blood vessel wall. In some
enbodi ments, particles that bind to an area of a blood vessel wall nay
cross the endoEkahplah of eapeemuagedlag blockess inpndgduaregiot birhted teysteinme to a
2ppr oot at Bk ST RBSE el a iR IRt ER m SRR e ne an
appr eci at t nti - i be an

endot hel i phncaRBGh bforiiak abtigylchifliR\@loride Tsi@ARIRALOL LINBAES), tubbeuiynde a
nol ecul e that is present on endothelial cells in addition to other cells.
Accor di ngchlgridhand ypguioniusn brasiideli ng to a target regi on on a bl ood vesse
wal | may be ac i i ) i 0 | cini of the

t ar get region.%?ggéﬁggf%ﬁ%%wgg%ﬁﬁﬁpgﬁg%ﬁgﬁgbh?%nggﬁgngﬁg%éﬁﬁgﬁ?émthe

t ar get i ngambb@abidal abdians apjobsibitalo but@barbited sbdivian thlorl hgyratee ethclilomaneld i n a

bl ood vessel (e.g., by light) upstreamof the target regiqn (for exanple,
if the kif maegateoﬂuraza%ﬁ%g&%mﬂva@% rgﬁ’é?fhmﬁifiﬁd{“?‘f Otﬁw&ﬂpe&zr@éwﬂfmﬁwrﬁ?ndi ng

Wi Ehi 0t NecliRbaR0n ik Allf ¥ GlobhBHAK pa&ﬁ&e\ﬁgaé,%@m%%&ale bitpsigieam of the
target region, because of bfood flow'taking the activated conposition from

t he acti vaidiom, plegblarbitd sodient, ssogbirbitalgiodimm, talbutal, temazepam and triazolam.
Examples of local anesthetics include but are not limited to bupivacaine

hydrochloride, chloroprocaine hydrochloride, etidocaine hydrochloride, lidocaine
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I n sone enbodi nents, the anti-ligand may be a receptor, channel protein,

gl ycoprotein, proteoglycan, adhesion nolecule or any other cell surface

nol ecul e.wOnosiges9enbodi nents, the anti-ligand may be aPgaSpMnO5(Sa6n
protein such as connecin 43, a channel such as an ion channel and/or an ATP
channel , an adhesive such as CD31 (VECAM, N cadherin, VE cadherin, and/or
E cadherin, a glycoprotein such as CD44 and/or CD 133, a receptor such as
VEGFR2 and/ or angi otensin and a proteogl ycan such as heparan sul fate and/ or
aggr ecan. hydrochlotige, sepey aeaho tydredhleridd gpracamethiydrchidride pnd thehpane i cl e adduct

is prepared, frqm.a peptide ich.i irst caged .w.th a photo-re abl e

brof et i PEERE BERERelfeES il B e SRR R b BB ER e o
the parti edn@anyl fit@leReikh &EPaGIIIERk SN Byddaeblivatedharrithidedpa dddc! e adduct
is prepared froma coval ent attachnent of the particle to the peptide
during t héigpentyd sediap; afdolafliopeity eipartidies ardgisrgclvps stratipapiqdide therinmomdof t he
peptide/pg&ﬁ&gle adduct with a photo-renovabl e protecting group. In further
enbodi ment's, the inactivated peptide/particle adduct is prepared froma
"one-pot" si ngDehes tiePapeadcd inclndefertekie np@pial dech dshecieanepil RN, and &INA Lt he
phot o-renovahl e protecting group.. |In_ sone epbodi nents, the peptide

conpr i sesObeifeDn Bl pr Hmtlgtis osighE inckidingregpmbinapt iy 4 3 AANA, akisersept i de
conpri ses \{¢ : i1f 1N i ts, the
epti do. ol RN SN, e REILRIPY, Tl bene SR AR 2,

( SEQ | D N@ed3ihcladd farex¥yn@sRedid2 cuBie@ohBx piSssidy) vectdre spdhotsplasenidy abl e

protectin roups used in the. present inventi are | 1. kno in,the art
(Pillai. PR PO Gt A S OUIsomE: AP SaeEve iy BPeTbekker
Inc., Newy Yok, anki@&# Ifli%féic a’)c%@s', B8 sindrX APIRD10firaddd RRIACaHANONA-Fmgnmovabl e

t
protecting groups include, but are not limted to, 2-nitobenzyl, benzoin

esters, Narmdggs-terapft sundiclsiphesphornshigatehed phesphptedithiogpleligndeckanialetides s
th fool di t i t o- bl tecting. i
el R LD AL S e,

derivativgelymers. |n some enbodiments, a hydroxyl (-OH) substituent of the

peptide reacts wth the photo-renovabl e protecting group. In other
enmbodi ment s anlfadesinesd, maxgthan gpe thgeppeutiemay be applicdofsingibe pegpsheraseder s wi t h

t he photo- o] P i . i } -S
substi ekt IR dna el GEHeRTn Y Syin ofyS B REPRUIRIE Br ol hles |51
group. | ncatthieingelifiadht@etpeiaice atapdeybiadnagis@red: CO2H) substituent or a

derivative thereof, such as an ester £-0C2¢Aliphatice substituent, of the
peptide react s AiUH! ReinpRdRENgsEFagens| eorppiites ary pgpngagan be used in theope
enbodi Menps e & RAEMYELRY In 4 ifiliRHP S-S RabAd Al ehRACt S
with the pﬁgltlos r%m)vab enpr&tgg%%@ng lgrougﬂéngci(gﬁbvesg <?rom ta\gg{gg%ge chai n of
serine, thrchonirmBoisttpposidyes, pogmdnydarakiyypredcemenolkbeule (vech arbotirasendars], t he
am no (-NH2, or.-NH) substituent of the. peptide which reacts with the
photo-renﬁbﬁﬁﬁguﬁﬁg%QE?WHB?@#éﬂHhﬁégagﬁF@@g)fron1the side chain of
tryptophan, hi attstingly, rHbiidMe .aphdeial@ thftla Q@idhokid &etheﬂaﬁ@ﬁféfﬁ?eﬁfm&d' ment s,
the thiol (-SFD‘substytuent'of‘tRe peptide which reacts with the

phot o- r enb& alptrtidsr protsan.imvglety asib(DNAde RNAH sfpld mdl¢rales pranycdrambingfoncy st i ne.
I n other enbodi nents, the carboxylic acid (-CO2H) substituent or a

derivative {fereof, such as an ester (-02-Aliphatic) substituent, of the
pepti de which reacts with the photo-renovable protecting group is derived

fromthe side chain of aspartic acid or glutam c acid. In sone
enbodi menftsTaigetdng hgands NH2, or - NH) substituent of the peptide or caged

poPL! e 2t LD Sy TADORALA £ 5ued 1 SUEE, TAGHLIE IR0 gL
(-0C2- Al i plead ¢xdgts sndsdrichalenile Gfg.f dre"apapigadd’) diat dagle do he pighad owdagtcsa Wi t h
the nanopglarvtoira llee(i.e., negative) change in free energy upon contact between the ligand and anti-
ligand. The binding between the ligand and anti-ligand can be specific with binding
affinities in the micromolar to picomolar range. Ligand/anti-ligand pairs may be a
antigen/antibody, enzyme/substrate, DNA/DNA, DNA/RNA, RNA/RNA, nucleic acid
mismatches, complementary nucleic acids and nucleic acid/proteins. It will be
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In sonme enbodi nents an am no (-NH2, or -NH) substituent of the
nanoparticle reacts wth the peptide or caged peptide. In other enbodi nents
a car boxywpcoadi4t496- CO2H) substituent or a protected cachaxsgdioosessé d
derivative (-0Q2-Aliphatic) substituent of the nanoparticle reacts with the
pepti de or caged peptide. In sone enbodi nents, the peptides,

phot o-renovabl e protecting groups, and nanoparticles of the invention are
covalently attached according to synthetic nethods which are well known in
the art anppreciated dat aimomeledelssri besctither @@tlég?ahdionarpami égmdndn@omaps in
Organi c Synthesi s John Wl ey
& Sons, é@é"fﬁgﬁafdeS Mgé?%or%?rlsﬁ%ﬁé’?%‘édes%%%’\é\g% dnﬁptiné% %Eﬁ%‘?q? o, *"crC
Press, 20@&igeRMIhb taB&lin¥argahd My ®R isachid¥ad 6¢da dhgash€ a Ghew ehbyablst h
Ed|t|on John Wl ey Sons, Inc., New York, 20017 and Larock, Conprehensive

Or gani ¢ TPEpiRsStige geaupohent- SRTCHI LS PY TS méqsgureﬁﬁ@smvemwp{ mlgrow@gggensgtn@, entirety

f which t
O oo BReh AR ABEL e R o LGB R pon o o3BT ETRRGTSILS,
to the beszyby posid i Thesigahd phgtte-tiseuwaspakifie op hoi-gdcifity 1gs0mmp $mbbtinsne

enbodi nent s, sidechain hetergatons (0, N, or S) of the peptldes react with
a nitrobeH?Q@aW%ﬁﬁﬂﬁwﬂ@¥1ﬂﬁ?ive such as 4, 5-di met hoxy- 2-ni trobenzyl

chloride or 4 lgﬁe?izfiéﬁel%s r}hé {a Qéﬁ{%ap& @glnactlvated i)%va}?ﬁ%tﬁq d' ment s

t he pepti des or the ca pepti des” o |nv ntion are c attached
t o t he napbpamremoyabde mogcing geupohdgenetal, sgimg wirgadiyveititde tet:]maqwrif’@ bonds

are formed froman amn up of the peptides or. the ca es of the
vent | on UAaT PHECEIBARY B e LR oS PN E Sugh inbiids AEAOatt (e e® 1 n

some embogisfipRhg bohNanATGARMONGSe LORBRICHAMIPLEEn brdiidtopysuce ni ni de
(NHS) and/or 1-@éthyl-3-(3-di nethyl am nopropyl) carbodiimde (EDC). It

shoul d benwgﬁmgltm kyiropiwbidityer semecloradtepaf waglagmulas sieicbalh oftleti ligaodt drons

Thom 11 Bhothe e P LR ortEe iy CoReRER L i e R et e

modi fi cat kiens mwlﬂge M&ﬁd ah cainba@lo@héredl Iraddng ¢rehBN@BhS, tBE PréPericB of
addition to or |nstead of a phot o-renovabl e group. Activation of the

i nact i vat & cegingereupn the smgetingrligged adkd ehniee sh eanfopoaiangdshiwsevlo |i ght,
heat , , i . i h |
cr oo AV o DR T Bl TR AU " BB "5

nore nmeta urces odi nents, the

protecti ngagmg)gtpupactﬁ\heeslthcgﬁguﬁdl She eargatare ligaad icogyakut g attachadyo i t abl e
conventlonal ght sour ce. Exanples of such light source include, wthout
Ilnltatloﬁ“fF5§ pearticle. 9. exci ner | asers)

In some embodiments, the ligand comprises a peptide, an antibody, an aptamer, a
receptor or an antigen. In some embodiments, the ligand is a peptide comprising an
amino acid sequence containing a motif known to be vital for integrin-receptor mediated
cell attachment. As such, the peptide can be temporarily rendered biologically non-
functional relative to the corresponding peptide by caging using a photo-removable
protecting group (or other removable group). The “inactivated peptide” is an above-
indicated “peptide” which is rendered biologically inactive by covalent modification (e.g.,
caging) by the attachment of a photo-removable protecting group (or other removable
group). The “inactivated peptide/particle adduct” comprises an “inactivated peptide”
which is covalently attached to the surface of a particle comprising a substance of
interest.

It should be appreciated that in some embodiments the ligand may be any suitable
molecule (e.g., a peptide) that binds to a cell surface molecule (anti-ligand). The cell
surface molecule may be a protein receptor or other cell surface protein that is capable of
binding to a specific ligand (either a natural or synthetic ligand).
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emtting energy in the ultraviolet portion of the spectrumor |asers (e.g.,
di ode, Ti:sapphire lasers, holmumlasers (and other rare earth netal

| asers), woeadymismy (Nd) YAG Nd YAG | asers) emtting ra@Camtsenoionostde
infrared portion of the spectrum and which produce brief, high flux
density em ssions. If desired, pulsed irradiation, which is useful in
generating two-photon excitation, can be generated by standard opti cal
nodul ati on techni ques known in the art, such as by enpl oyi ng node-| ocked

| asers (using, If mmeeembqﬂimente,l the targeting li@@muswboppf'rca':fiqj@wianest) lighrabtbats t hat

cpectr um 1P RHL iR PRl iR eoepHiantedt SufueRHbdERi ¢ G oce

hol m um ( ARELrAMBB, u E@{ gctRatibloNk elrb@lng)ligaff thn bl ed\ARRe h@%ﬁﬁi to hRe pul se
wi dt hs of these |ight sources are adjust gb and can vary from sever al

tens of fepdoghediaberdls Iﬂ@O@e@mbadlmﬂnmﬂwaHﬁ%&mfe@Wsa blood vessqlo Bener al ,

| asers ar wel |

defi ned s%étﬁf ?eldﬁélggl 8?@%{&@%\1@& Selhglﬁeﬂﬁlg&* Q%rs‘%ig%ﬁlatl Sé&gén}%f)g#e%ﬁ y suited
f or uncagpagclef tHahbindse as aich O€ a ba@dngsgl adl sndyreresfther@dotheghloager and

Furthernore, such light sources can be delivered by optical fibers and used
to irradi dFlévesanpeet Pr ethpieyibeianGefo 4 tisgin P gamdacrBi{Rdhe arps plethe blpade
delivery e

1 adi at o o oot LR RAbEE! hi (BARLYELRLEne SNINEAMN 31 HAEH L
|rradlatlemkﬂnmhhuwcﬁmrndaaﬂepHamesmfﬁhﬁﬁ&cmymdsn@ﬁsdemaybeynﬁmxmknhm when
optlcally coupl ed to ers, are useful as they can be | gg;ated into

cat het er s’ ePE‘P‘h‘?‘E}&ﬂ’feﬁ Laelp &n plditionso other gellss gecopding o &Pt ual Iy any

organs or i@ althreb18eBAY a(ifodl VesEH-F RN rﬁz?ﬂb@ accbﬁpﬁ%ﬁtb'y%@tlva{tfﬁ% the
wavel engt h of "the opti cal source can be easily tailored t0 generate the

appr opr i atigarglog dhepyiciorty iofi the tpegetiegighadt shehld berappiesiyrsl thgtge somhi s al | ows a

mb f d f.f i h
compoundseah FETRonE StioRUe G Raleos R SEHE bl e <Lkl ongt

of light umed vh@eb(@tgvm@n@ﬁ)qrp@@@mafthhna@a@glaﬂmfﬂbmﬂlbla,, if HRalindtik bA
irradiation i s used. Phot ol ysi s of photosensitive caged peptides

af f ords aliggwstivaticnoydbindinggorldaeyudy is hadingwithingpe targgt If%gl%%’eﬁléh‘?}lﬁlal ly,
of biolo d J: I r

phot ol ys?g&gJ lx%gécé‘h\ré}gl E%gﬁakensgf?g?[g%r?& gggp?ﬁg‘ga%g%g??lﬁé@Pﬁ\%etal%lﬁgn can be

| ocal i zedastviatedpoapbsition flom e actietion regonshetargetcedibn)or tissue of the

body by virtue of the abjlity to activate the caged product using a focused
beam of irradi 4t %% er%b‘ljilmeﬁﬁ’tth%lﬁli‘tbilé%nddPaY hs 'f‘éﬁCQEFOF rchgmeétoﬁoa%n I'n the

| atter Cagsk, 0, It ating
two photo CrlBg[egf (k)kr%&;#%ca& a&%bgﬁ%?gn%eaﬂgggﬁ?égi %lgﬁcggg%%&%vmqlch IS

parti cul asdrye etdb@dltrﬁgeotlhs ahiddigpitbnoy he agap jitncgoapioésn enghl ycongecihéd,@aged

nol ecul es e. Jde t bec use th s of the

body ar e GrREEY REBhias el Gk TP heb o G Se FrARRparont to

infrared (eECAMON-califiésn, VBt BRMeAh | QW FEARB, a Tg!l r&t&n@ﬁc}fﬁ@ﬁw wi t hin
I

the body, thereby controlling reactions at specific sites. A further
advant ageamlonwal%@trmﬁp@r@uﬂam VYRGB hodor eegietsnsis anhapraténglynanisedhi dsi t y of

phot oact i atlronsu?ff N oalugol) urnC is a function of the square of the
di st ri but PR SRR AL BE S alnntensMy giving rise to a highly defined

region for act ivainodmbddineny e inidiRarbi fplsptﬁdé/@fméwv@thJtsqﬁe i fréhiaon to
utilize light in the infrared portion of the spectrumis advantageous since

it provi deeptideevigpisdirsticagsd wish aphote-ramauatile agpiecting werupr ENgMed byhat  ar e
t tt h
7B ¢ o0t M3y B coneg pen 016 Y BRAOE WONGRL ARG AGtRIRET

as furt heinatiivitéd pegtiddpertiertaddectdoptepmts fioin abdvabint hdfee:hrrﬁ:ﬁeasfethe paticle
liter at ure references, jssued %at ents, @gbl i shed ten

(includin
appl i cat | g@n@e Pepifleyring e gt Her-doMovssihy s crgiRg f tePeptidapas ?jh this
appl i cati gihReaRRIECRMuEIPIES %hé&o'r@ﬁg(fﬁﬂé AR iRy ofRbef AGfher EXAMPLE

embodiments, the inactivated peptide/particle adduct is prepared from a “one-pot” single-

step reaction of the peptide, the nanoparticle, and the photo-removable protecting group.
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Mat erial s and Met hods Assessnent of targeter un-caging potential. HPLC
assays were perfornmed on an HP 1100 HPLC system Sanples were injected in
50- 111 voworeesl/@m96 a C1l8 col um. The col um was el ut ed PEITUS2@N0/0534€0US
solution at 1 m/mn. The peptides were detected by a UV detector with
absor bance wavel ength set at 230 nm Synt hesis of the caged particles.
One mlligramof fluorescent polystyrene carboxyl ated nanoparticle
suspension (328+2 nm Merck Chime S.A'S, Pithiviers, FR) were incubated
with 100 ng of Insqnd: eihbastimyhtarthe pgptoloyrdinpdsetalyGbanboidifitdendetidr brhl or i de

hours at “POEHPERGRPAtURE Per fcgeﬁnseyag?f??? It L R
parti cl essomeé @mﬁ&ﬁﬁﬂeﬁt@tdh}é ﬂétiﬂé&@n{ tﬂswmﬂo@wﬁhg td¥udhSEQ | D
NO 2) peptide (Purit Yo accordin to HPLC, customs esi zed by

Pept ech C6BPGBESR Q)H) N@tﬁ)@v@m ‘riﬁl AR -ND (SEEMT BiQsda h@ gheipt h gentle

P 00, N LT, 083 BE FELAT PSR S O -1

t ar get er s(Pillai, in (Etgaﬁlc@hotdcﬁﬂﬁfsfrymf b1R9 Alawaowa,retdl VMercsldbekkienisc. (IROO Yarky/ i)
were illum nated for and 5 sec (365 nm Entela, Upland, CA) in a

6-wel | pl &P%, Plrh@%%%t Eéﬁnwag otctﬂltabt?tpéleto @mﬂvalplﬁﬂgtéep%ﬁcgr?% indedea was
di scar dedy,,{[he, 1@@& hﬁ%bé@ﬁ?ﬁ&&%ﬂl és¥é}§”}lt Ligedn 9&01%1%s*tr gjhtE%AetIESr

spectroscopy Bru erica was used to col
spectra. pxmacdg eold oantancd:ﬁhe@ef Viedoms eatotiinmnts, Gel photcscdnatwab]e prétestergc hy mal

stemcells were i so)] ated as descr,i rcul ation
5005 T08ETU ) & B en e g RS S e et e FRMAERA ind

tibia of Zdedragpath-old Sprague-Dawl ey rats (Charles River, WImngton, M)
were exci sed. Bone marrow plugs were extracted fromthe bones by flushing
the bone narr o savd enpbadimbntsd hygrex yiré@Himubgittent of theqreptidanusasts aath the

estspenali e RRE s f af s ABE Bk 95 St NG TR ask

Thr ee daysubsatueht éffike paslida r¥ee WiePtha¢hdtoarehoadble hediéctmeldrsupianomensi der ed
VSCs. Second@ﬁ)assa ge BM M5Cs were used in all experinents. Cardiac cells
1

wer e i sol amk asntﬁe%tmltieﬁﬁ)o@béﬁtteﬂ(teﬂhe reptidg reactyivgty fhe phejozemevable  (10),
2843-52) .
o 11 ot B EhE Yrouds® Th BB PO efl G R B O AE Rl SRR B L0 o o e,

1.8mMM  potasaitivetteidody sudk as i e@mcmgmehatwmswmhe oh éfetmebyidy @hets with81mV

sodi um chl or| de, 0.1M sodium bi carbonate, 0.44nM sodi undi hydrogen
phosphat ethephgipuenisable pyotectipg Qi Pappr oxi mat el y 1mmB pi eces and i ncubat ed

(37C, 30 min) I@%%?éé?%é’m&@m? dthé Rﬁfr})xﬁ @H glﬁ;StleMeﬁ (fQﬁ)e Wﬁ@%@cht%

(95U m; Wort hington, Lakewoo pancreatl n Sigma) . After
each di gestthae ployordemaovtablenprrtcutieg gvasp cedwrivied trgedkh¢ 6100 chain5f nerime, 250) and

the cell pellet was.re-suspended.in cold M 199 nedium . cul ture and
ool orar B, Mo b ERO R g R e Ry HE anyigp @Piw o
and MBCs VWelRiaERVWT thepSrni@BWHRET refdtt d@as thdpiehhen&nIYEM: %%ﬁf) el y

DVEM was suppl enmented with 100 units/nL aqueous peni ci I i n
st r ept onydénneddran m%deethain ddpiptaphgerhistiding, ergiwng. dysies, er gnoﬁhmeatln

ver & was st R Pt Rl IS GRS Eon it P 5 Vo AR TR e

addi tion @dmevaBR prote@iblerdlip BaBedeBOMNBE tide bietn o B tiasl IiistRet wer e
illumnated for 10 sec, 1 ncubated for 30 nmnutes at 37C, and washed with

PBS t hr eecmbpgimentst the sadpowy icacic (-6 100 Hi sestifusaogy 4 Grigatye tewgof, such as an

ester (-CO»-Aliphatic) substituent, of the peptide which reacts with the photo-removable
protecting group is derived from the side chain of aspartic acid or glutamic acid.

In some embodiments an amino (-NH,, or -NH-) substituent of the peptide or
caged peptide reacts with the nanoparticle. In other embodiments a carboxylic acid (-
CO,H) substituent or a protected carboxylic acid derivative (-CO;-Aliphatic) substituent

of the peptide or caged peptide reacts with the nanoparticle.
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visualized using a fluorescent mcroscopy. The nunber of targeted cells was
quantified by fluorescent m croscopy at 20X nmagnification and divi ded by
total celwonamyai496For qualitative assessnent of caged- ramasariiosdses
targeting and spatial experinents media containing 200 i.tg/nL caged
nanoparticles was added to the cell cultures and the culture dishes/flasks
were illumnated (U lanp or inverted Zeiss mcroscope, Axiovert 200M for
gqualitatively targeting assessnent and spatial targeting, respectively) or
not for 1 min beiommeeerb@cidh@elaiaaefamliﬂw( ok had,NW-) suledtituegtiofthe tnndpagieie

transillum natao TEX-3 Life | ggi es,, Paisle and. the i mages
were phot HoCUMER e8P FRot AR ISPRET Bt B en ool et ot i beor & s cCment at o
and anal yeicsH$ Yissaead))a protecled b0k {1401 SS 68NGE VS t-BI0) Algphatic) substituent

| mmunof | uor escence stainings were performed as described before. Briefly

t he sanpl esthaapeorarticeireasd vibrtheagtidexs 2ged Redliée-met hanol , bl ocked for 1 h

at room t enper 0 ft t hree
buf f er washes, ﬁ{#}e es%rgn% es%mtgﬁggg rﬁﬁﬁd&ma%f%%%%%lg%ﬂriﬁtﬁg% @33

( FI TCconj ugaipeﬂl,cleslog ) in0¢ntibd hrd ddvehiln atRRBN SyEding jo @mthehomeﬂmd(sl 500,
and 1:50, respectively). After incubation, the sanples _stained with

ant i body ¥§iahfss weB knpwp @gﬁeﬁ%ﬁén%maswcmh?éaﬁéﬁtéﬁ iy Srotgddist i onal 1 h
wi th goat G%]l%és “iHeH: gmﬁ‘ ﬂeszlj'sB%' g\pgj}cfé%%tﬁg Ia@ 'I\Ji)o\g'h% 1115@]0553% &l ear

detection, the cel e i ncubat mn wth (Si'gma) and
washed. | Remy, ﬂn@99/yasd @eMmmmngnpmdv fantfienis,eNt lech ]anwstsn;f(ﬂﬂ@rﬁwsem%

1 odel Axi t 2 l.ysi f Vi
% £ Resupeih and iR YErer Vet el P hySplBY: SeEABaEons Vit ( S0y
D NO  3) rRndNel %ﬁt o1 ; Q%g@af@kl\@omﬁi)eh@%y\% (b)%@zﬂchrﬁ)ﬂﬁHﬁdﬁbnf@Wﬂ to

pronote cell adhesi on and nmigration. Furthernore, the adhesion of cells to
| ami ni n h&sblibers, BlaoWew Yoide ¢259; therantighty lof WdilCihgirQ meppoesded rerdi8byon t he cel |
menbr ane. 'E roposed target (131 integrin) was found to be present on

several c&TPpes including HUVECs, MSCs, fibroblasts, cardionmyocytes and

human enbryoni ﬁlﬁirﬁ@rﬁl&idlﬁleﬁtﬁﬁﬁﬁsahamm&@@atﬁﬁﬂs l(©, Nepr $sanke pdpeidey @ader range
of target cells the nanoparticul ate systemis feasible for. Previ ously

it was shewlantanattaghedte th@t@rlzxd@p@tlp@hofd?h%qfre@wﬁblemﬁot@ﬁmg\@r@sﬁ gept i de

SEQ ID d t
gl'herQef or glg% ?%gl{lh(?(gﬂlf: é%eséh&ﬁ‘%nﬁt%@%éﬁﬁ%g@ aci %Ssg %%ﬁ%ﬁe&gaﬁ |81 eV:Na)s/ caged
with 4, 5- ditrobedgX Waldtte defivhthabarhyds 4 IDWMNBrhddyl Lnitidpeddyticlilbtide ondast i vat ed

tenporarlly until it was illum nated. DVNB, the caging group used in this
study was PMIRIY-Zitodenayl PLonyde|  document ed inthe literature and was

shown previ ousyygdnQ: Qﬁ‘bdd%@ﬁé%&%% ﬁesﬁﬁ‘?ﬁe E Rsﬁtﬁi& B Bk hitbn S4bStrat e.

This may not be the optimal chr ore un- cagi ng properties
and int hcsvai;ﬁllﬂgt;attacthedmd) ;hesranmwdtldzlos macamdeabmmlnbhdmmmﬁmbﬁdlmblﬁs |the/ent ion.

synt heel s SHH OE° WAL N g BCaP B OCITEPEprec oF (gt peptdes STThe'
invention and the carboxylic acid substituents of the nanoparticles. In some
embodiments, the amide bond is formed from sulfo-N-hydroxysuccinimide (NHS) and/or
1-ethyl-3-(3-dimethylaminopropyl) carbodiimide (EDC).

It should be appreciated that the same or equivalent chemical modifications may
be made on other types of ligands (e.g., non-peptide ligands) to cage them. It should also
be appreciated that the same or similar chemical modifications may be used to attach any
suitable removable group in addition to or instead of a photo-removable group.

Activation of the inactivated targeting ligand can be accomplished upon exposure
to light, heat, pressure, microwaves, a change in pH, a change in the level of one or more
metabolites, and/or other sources of energy. In some embodiments, the protecting group
on the ligand is removed upon exposure to any suitable conventional light source.
Examples of such light source include, without limitation, lasers, (e.g., excimer lasers)
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In order to determine the un-caging ability of the targeter (e.g., the
pepti de GEGEGY(DMNB) I GSR-NH2 (SEQ ID NO 2)) leading to its transformation
to the acwOwelsdat9e, sol uti ons of non-caged pepti de ( GGBGYIUSSROMEEBY6 ( SEQ | D
NO 2), or caged peptides subjected or not subjected to 1 mn of

illum nation were evaluated by HPLCUV. Retention tine in the colum of the
non-caged targeter was -20 min (FIG 3A) while that of the non-illum nated
caged targeter was longer (-30 min, FIG 3B) due to the caging group

exi st enceemftiichenangy matbe slttahwldiydrtophdiha spegtroh or kesepdpei dwdeTen seconds

post illumnation, a shift.in the re tion ti h accurred .an e

Popti de. nLioEeh ok R el R G B Rt et AR R g BN

i ndi cat e yhat, Nd JWC taséis) mchfadﬁb@n GAGE T GEOPRibA BMhkRpeduamt iade had
occurred, leading to its. rh:tﬁ; activation and preparation for efficient

cel | bi ndwhigh produqerict, héghdfitixdensisy pmnissioss B algesdopysediisradiatigetvalticintss

conj ugat e . ¥ ) a - 1 pat . nanoparticl es
oo ! S AR By PR 510 RALRAPRL YGRS P

sul f o- N- hyddobayist echiiigiésdeofpNHibYheadat, ismet 4sdy dahygayiag mode-lockEldaseageasing,
nanoparticles have a broad peak at -1100 cm1 ](ﬂconsi stent with ether
stretch) B eEFNRe §lactEt Fercotvo-gatipfAetisen - elaseunruorgiuc Rt Rgsedimededn t he
DVNB, nan j £an) i ; r e | yzed after
1 i nat o e B AR AR A N NP Q0! Ta ser ved
as cont r okxdiyr, dReslilstgphiey diatle thotmulins @pp etrcance-cafth taerietshend mona- f r om t he

t ar get er - conj ugat ed. nanppar.t i cl after 5 sec (FI.G, 4A) suggesti qui ck
tar gt o SO VRSO he POBF gt pf e eSSt TR Ed R SRR ef eased
to the ”eﬁjév%rafl'Eé?lrsno?%@%H@b%&&ﬁ%ﬂ?{e&%ﬁ%&%c;c%ﬁfhgb;g; ??2?;0; OPNTB gy

spect rophot onet er was neasured after i natin '
and 5 sec (FI Gn gd®eral,Theersy @t peederdbiBydB cpne! ithdintienhgransdhepproviklwall at i on
curve of free B.and. the ratio t ween .t he obt.ained val and the _known
e | abl e CERIGRT IS e st g PERgEn BRABUATH LR Pl tios tane
rel ease. BPhat6&nEiaed cadNOP@npd Tl RS regiots U FaktBsiniode, sudDRght tsalig&t &h be

nmol ecul es, statistically the anbunt of activated targeters wll be

suf f i ci enflelfvgreddot opsigel fohproindaysed yo Wepdiate epesifisi regtoadn & gontralighleaaingh and
for cell bjnding.  F I e i i 0 t er i
concentr a? %bgﬂb@ g:pdeerlfllg é{}{ﬁ%tgglé %,re i%rgﬁ)g%rﬂg%l? %{?%éfs%g%fé %]%(% ?a?)l br?’gd)? Q(ﬁ Fon%lr 5 ?&fe‘l ag ht

f r om passidgipr of thd bodpaeiel,altBsye, thefcbyi geacrating irpalidtionlieharditd keabk proee
abundant and the Ii%ht will be able to pronote faster activation of the
parti cl es TFFEURECT AGIYHY BUEHNT Meer phiaigeanpled o apqrarr st idn PVHER t he
nanoparti gl fifeitBa 0 LUALE auggaaeeh e RILRAL R, dnflGis@PlolitrhdiaREvitdigcaged
particles to ere to cells en exposed to Flght was eval uated. "As"a
first stepigahuomegionhn thedmidy vepnhemaobddyl)i &l adklids t{cHbECthwlrtbe seeded i n
60 m*ncultur.eldishes. Tvvenhy four hours |later, the culture nmedi um was

epl aced APASH! AT BEREATIN RUOEL SBETENS i APPEIPE 5 A U RUO SRR T e

i 11 um nat gd] §:Qtssde FhB: thdfal18ls hufibar 6f diffBeHbadlls @R tisdub§ tobSdTRS WAL €
carefully washed and placed under WV light transillumnator for

vi sual i zatreased ufing thelcompoyedsi ang . mataedsidf theninperttiod. dubene esbsdimead. ths
control. Wile the oparticles (appear in white) .in.the dishes subjected
Col i gnt Sahafas e RaLI EhGRa PRy vl Hsdim R BkE & ¢ i o
area (Fl Grrffytionheusran-illum nated cultures were nostly w thout
nanoparticles, with sone nanoparticles adhering at the edges (FIG 5B).
After qual it at PhetPlystialphefosenitive sagpdinsetidesadionis 3 mgansfof gantrelipgthgdher ence
to the H i 1 i i ti geting
was quan"tJl}/ ét%ea%tg ?’\PteopiSpglgél sg%ddtg%%%?g’ (%éht%{é%gfg%%g??dnvg pgétgﬁﬁ]kaglggﬁ%{lec %éi ghed

t o sel ect ivvedricudaus phatglysis lof begedensieclildss (ergepepidis) of fip@s/ebtidn tam Hear get any
cell or tissue in the presence of light, the targeting experinents were

per f or med AFAEHANOVIERESC8I08 B SRt RRNS ek aslken tfssuq gighe podst iovictwr P% t¥pes

whi ch may akhiGRY t%%@mat@tkﬁrcgggﬁﬁromlﬂdsiﬁ 1,8 REd &I Sf BXRIESR] é‘g hiheRid n 131.
These two cel'l types were chosen since HUVECs represent celfs conprising

bl ood vesseinsragddriMBagon. ejprtbs bikter sise,analusefe] tosenmples bigh flux deositiector ve
tissues. Together and separately these cell ca i.es found in every
{1 Ssue: anteORHIR PR ARG oR R ol SEar 13 10170 KOMMBERR | ol es t o
target angabitarly adwReGkblsCroRrpRRASdyaiiS thempRRl¢nPlPanstheRagdiembreMed s only
phot o- dependent . The cells (HUVECs and |85CS) were seeded in culture
slides and allowed to recover. Twenty f2éur hours after seeding, the culture
media was replaced with nedia containing 10 jig fluorescent caged
particles, illumnated for 1 mn, incubated for 30 mn and then i medi ately
washed, fixed and stained. The nunmber of cells which were targeted by the
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scranbl ed peptide as a targeter which were illum nated or with un-caged

Yl GSR- NH2 conj ugat ed nanoparticles (positive control) were used. In both
cell typewoubtumes®s HUVECs and MSCs, the percentage of pamrtisedie/oaist@chnment
after illumnation was significantly higher conpared to the non-illum nated

cultures (p= 0.03 and p< 0.0001 for HUVECs (FIG 5C) and MsCs (FI G 5D)
cultures, respectively. Furthernore, binding of caged nanoparticles exposed
tolight to the cells was at the sane | evel as the positive control,

particl es(et;ngngidt:Sé@f thy inventimgelebctenedld Bysgeq pfth@bedy dra vivBEEY opaquditeat i ng

nanopar t 1 B1oge R fadtidy iy FAt AR Rl iR R Sp et o Pl Ry B M e
par ti cl esji¥@so &6 $&as@bwithld\EOBo e iiReréblyl dohiralliad raMctibnCagpetif@gnieRait i cl es in
a 25 cn2 T flask. The flask was covered with a mask allow ng |ight

penet r at i fhthenadrvantage pf tweephaten pxriatigninethedolpaiss i taldic Probebilitydelr k under an
i nverted 1 the particles
are act i vrSRTERRTH of | AHREHTIYS MRHBERE e ool SR Rbor o ot

subj ect ediltunihatghtintehkiey fivmghie ot ﬁlgﬁll}xmilnleﬂ rdgién ﬂ)ﬁiraktl\faﬂbn 1Mdredveprthor to
exposure to the mcroscope focused ght beamfor 1 min. To mnimze

particle &PHHRfitYAR P&P@P&ﬁ@éﬁ‘tlopﬁ@ uelam la&hé dn theifrarad ppraieB @f hsrSPEHWN Shor t
period w Iad.) . The
hanopar t| S eRtbl ROTETOLAEL AR ohok Ao NN B g e ek

i nt r oduceate tfﬁmernpadmldhmshe\f@dg arranged in a circle shape corresponding to

t he shape of t mask. . Al t hou sk cl ef net er. was, _on t he
targeten ool 15 THEPETiiAeaRoT A b TERedan e foIRRTE udBr Hoth fiuho
nanoparti Ghe sebfid Bs b@fmﬁé& %fu@tﬁ&ﬂ ¥ftin@N TRE eﬁ&&tcbﬁfehﬁ%f‘aﬁ ot AR bietdicebeam
More than 94% of the cells at the center of | i ght beam were targeted by
the parti 6helgd1@Eﬂ1@rath)reWn¢nces assmod patprss q@lbllshedrpg@mt mg)lmtsorﬁemd at the area
not exposed to t (FLG ..70).. . In co usi o ereinis a

rar get | nocaputiing BlnspbRayiofDrered grPuSRar L PR bEERORTT B nati on.
Si nce thegrogRtdted By Rf@ERRENt in every tissue in the body, this targeting
system may be feasibly used for targeting diseased tissues wthout taking
into consideration expression of specific narkers. References 1. Peer, D.;
Karp, J. M; Hong, S.; Farokhzad, 0. C.; Margalit, R ; Langer, R Nature
Nanot echnol ogy 2007, 2, (12), 751-60. 2. Duncan, R Nat Rev Drug D scov
2003, 2, (5), 347-60. EXAMPLE

Materials and Methods

Assessment of targeter un-caging potential. HPLC assays were performed on an HP
1100 HPLC system. Samples were injected in 50-pl volumes onto a C18 column. The
column was eluted with an aqueous solution at 1 ml/min. The peptides were detected by

a UV detector with absorbance wavelength set at 230 nm.

Synthesis of the caged particles. One milligram of fluorescent polystyrene
carboxylated nanoparticle suspension (32842 nm, Merck Chimie S.A.S, Pithiviers, FR)
were incubated with 100 mg of 1-(3-dimethylaminopropyl)-3-ethylcarbodimide
hydrochloride (EDC, Sigma) and 200 mg of sulfo- N-hydroxysuccinimide (NHS, Sigma)
for 2.5 hours at room temperature with gentle stirring. The resulting NHS-activated
particles were covalently linked to 5 mg NH,-GGGGY(DMNB)IGSR-NH, (SEQ ID NO:
2) peptide (Purity > 96% according to HPLC, custom synthesized by Peptech Corp.
Burlington, MA) over-night at room temperature with gentle stirring. NH,-
GGGGYIGSR-NH; and the scrambled peptide NH,-GGGGFHPDYRVI-NH, (SEQ ID
NO: 4) (GenScript Corp. Piscataway, NJ) served as control targeters.
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WO 2011/ 041496PCT/ US2010/ 050846 3. Mallidi, S.; Larson, T.; Tam J.;
Joshi, P. P.; Karpiouk, A ; Sokolov, K ; Enelianov, S. Nano Letters 2009,
9, (8), 2803081041494. Bagal kot, V.; Zhang, L.; Levy-N sseqabaisagi0@5984don, S.;
Kantoff, P. W; Langer, R ; Farokhzad, 0. C. Nano Lett 2007, 7, (10),
3065-70. 5. Farokhzad, 0. C.; Cheng, J.; Teply, B. A ; Sherifi, I.; Jon,
S.; Kantoff, P. W; R chie, J. P.; Langer, R Proc Natl Acad Sci US A
2006, 103, (16), 6315-20. 6. von Mehren, M; Adams, G P.; Weiner, L. M
Annu Rev Med 2003, 54, 343-69. 7. Dvorak H F. Nagy, J. A ; Dvorak, A

g %ggerl_ etotell’@lgé?r%%ggrm (é?’él)an [l 8 %solutlons (E(?(}/ ug/R L) wére Nﬁlmmated for%b gan,
and 5 sec (365 nm: Entela, Upland, CA) in a 6-well plate. The solution was collected,
centrifuged and the media was discarded. The nanoparticles were then lyophilized for 24
h and FTIR spectroscopy (Bruker Alpha-E, Billerica MA) was used to collect their

spectra. Non caged particles served as control.

Cell isolation. Mesenchymal stem cells (MSCs) were isolated as described in Barbash et
al., Circulation 2003, 108, (7), 863-8. Briefly, under sterile conditions, the femur and
tibia of 2-3-month-old Sprague-Dawley rats (Charles River, Wilmington, MA) were
excised. Bone marrow plugs were extracted from the bones by flushing the bone marrow
cavity with culture medium. After a homogenous cell suspension was achieved, the cells
were centrifuged (600 g, 5 min), resuspended in DMEM and plated (50x10° cells per 75-
cm’ culture flask). Three days later the media was replaced and adherent cells were
considered MSCs. Second-passage BM-MSCs were used in all experiments. Cardiac
cells were isolated as described before (Dvir et al., Tissue Eng 2006, 12, (10), 2843-52).
Briefly, isolated ventricles were placed in cold Dulbecco’s modified Eagle’s medium
(DMEM) -based buffer (calcium chloride dihydrate, 1.8mM; potassium chloride,
5.36mM; magnesium sulfate heptahydrate, 0.8 1mM; sodium chloride, 0.1M; sodium
bicarbonate, 0.44mM; sodiumdihydrogen phosphate, 0.9mM; pH 7.4), cut to
approximately Imm® pieces and incubated (37°C, 30 min) repeatedly (6-7 times) in
buffer with collagenase type II (95U/mL; Worthington, Lakewood, NJ) and pancreatin
(0.6mg/mL; Sigma). After each digestion round, the mixture was centrifuged (600 g, 5
min, 25°C), and the cell pellet was re-suspended in cold M-199 medium.

Cell culture and Cellular Binding. The HUVECs (Lonza Walkersville, Inc.
Walkersville, MD), and MSCs were grown in 8-chamber slides in EGM-2 and DMEM
respectively, DMEM was supplemented with 100 units/mL aqueous penicillin, 100 g/mL
streptomycin, and 10% fetal bovine serum. The cells were grown at concentrations to
allow ~90% confluence. On the day of experiments, cells were washed with pre-warmed
PBS and incubated with pre-warmed media with addition of a 20 pLg/mL of caged
nanoparticles. The cultured were illuminated for 10 sec, incubated for 30 minutes at

37°C, and washed with PBS three times, stained with B actin antibody (Sigma) and
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11. LangewQ2Ri1/04T496rel |, D. A Nature 2004, 428, (6982) PCFBB2@R/050812.
Epstei n-Barash, H.; Shichor, I.; Kwon, A H; Hall, S.; Lawor, M W,;
Langer, R ; Kohane, D. S. Proc Natl Acad Sci U S A 2009, 106, (17),
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containing 200 pug/mL caged nanoparticles was added to the cell cultures and the culture
dishes/flasks were illuminated (UV lamp or inverted Zeiss microscope, Axiovert 200M
for qualitatively targeting assessment and spatial targeting, respectively) or not for 1 min
before being carefully washed, visualized by UV light transilluminator (TFX-35M, Life
Technologies, Paisley, UK) and the images were photo-documented (Kodak digital

science electrophoresis documentation and analysis system 120).

Immunofluorescence staining. Immunofluorescence stainings were performed as
described before. Briefly the samples were fixed and permeabilized in cold methanol,
blocked for 1 h at room temperature in DMEM-based buffer containing 5% FBS. After
three buffer washes, the samples were incubated for 1 h with anti-3 actin (FITC-
conjugated, Sigma) or B1 integrin (R&D Systems) antibodies (1:500, and 1:50,
respectively). After incubation, the samples stained with antibody against B1 integrin
were washed and incubated for additional 1 h with goat anti-mouse Alexa 488-conjugated
antibodies (1:150). For nuclear detection, the cells were incubated for 3 min with Hoechst
33258(Sigma) and washed. Imaging was performed with an inverted Zeiss fluorescence

microscope model Axiovert 200M and analysis was performed using AxioVision 4.5.

Results

Synthetic YIGSR-containing peptides such as CDPGYIGSR (SEQ ID NO: 3) and
YIGSR-NH; (SEQ ID NO: 1) have been previously shown to promote cell adhesion and
migration. Furthermore, the adhesion of cells to laminin has been shown to occur through
binding to integrin B1 on the cell membrane. The proposed target (1 integrin) was found
to be present on several cell types including HUVECs, MSCs, fibroblasts,
cardiomyocytes and human embryonic stem cells (hESCs). These cells represent the
broader range of target cells the nanoparticulate system is feasible for.

Previously it was shown that mutation or deletion of tyrosine in the YIGSR peptide
(SEQ ID NO: 1) resulted in a significant loss of the peptide activity. Therefore, in this
research, this amino acid on the YIGSR peptide was caged with 4,5-dimethoxy-2-
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17. Wang, Y. G; Samarel, A M; Lipsius, S. L. J Physiol 2000, 526 Pt 1,
57-68. 18. Maeda, T.; Titani, K.; Sekiguchi, K J Biochem 1994, 115, (2),
182-9. MO Rhe@E]1496. ; Lee, J. S.; Lee, J.; Joo, C. ; HanpCHUS2@Gho508 J Phys
Chem B 2008, 112, (7), 2128-35. 20. Karpen, J. W; Z mrerman, A L.;
Stryer, L.; Baylor, D. A Proc Natl Acad Sci U S A 1988, 85, (4), 1287-91.
21. Barbash, I. M; Chouraqui, P.; Baron, J.; Feinberg, M S.; Etzion, S.;
Tessone, A.; Mller, L.; Guetta, E.; Zipori, D.; Kedes, L. H; Kloner, R
A.; Leor , nirob@uayt (IPMNRI(FXG0S ,and @81s ifayivagd Ssngporardlg unlit was fllumiBatedsht i |

y 0 ’1 1?82;2@%%% @g%‘o@%h}gg gg(gl@ 4%}:& isnutﬁislzsﬁgiyz\xgaos%hog'e%’ sirgc]éqg 15 wzeﬁlltf(’)_(:l?r%énte% the
literature and was shown previously to be released at a msec rate from biological
substrate. This may not be the optimal chromophore in terms of un-caging properties and
in this study it only served to prove an embodiment of the invention. Important examples
of widely used caged compounds, their design features, synthesis and use was previously
described by Ellis-Davis.

In order to determine the un-caging ability of the targeter (e.g., the peptide
GGGGY(DMNB)IGSR-NH, (SEQ ID NO: 2)) leading to its transformation to the active
state, solutions of non-caged peptide (GGGGYIGSR-NH,) (SEQ ID NO: 2), or caged
peptides subjected or not subjected to 1 min of illumination were evaluated by HPLC-
UV. Retention time in the column of the non-caged targeter was ~20 min (FIG. 3A)
while that of the non-illuminated caged targeter was longer (~30 min, FIG. 3B) due to the
caging group existence which increases the hydrophobicity of the peptide. Ten seconds
post illumination a shift in the retention time had occurred and the peptide had exited the
column after ~20 min (FIG. 3C). These results indicate that a quick release of the caging
group from the peptide had occurred, leading to its rapid activation and preparation for
efficient cell binding.

Next the amine terminated caged peptide/targeter was conjugated to the surface of
carboxyl-terminated polystyrene nanoparticles using 1-ethyl-3-(3-dimethylaminopropyl)
carbodiimide (EDC) and sulfo-N-hydroxysuccinimide (NHS) activation chemistry.

The caged nanoparticles have a broad peak at ~1100 cm™ (consistent with ether
stretch) by FTIR. In order to demonstrate a quick un-caging time of the DMNB,
nanoparticles conjugated with the caged targeter were analyzed after illumination for 1
(C) and 5 sec (B). Non-caged targeter IR spectra served as control (A). Results reveal the
disappearance of the ether bond from the targeter-conjugated nanoparticles after 5 sec
(FIG. 4A) suggesting quick targeter activation. To further assess the amount of caging
groups released to the media from the conjugated nanoparticles, the absorbance of
DMNB by spectrophotometer was measured after illuminating the particles for 1, 2 and 5
sec (FIG. 4B). The released DMNB was then compared to a calibration curve of free
DMNB and the ratio between the obtained value and the known available carboxylic acid
number on the particles had suggested ~ 85% DMNB release. Since each nanoparticle

was conjugated to ~ 5000 targeter molecules, statistically the amount of activated
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23.Dvir, T.; Levy, 0.; Shachar, M; Ganot, Y.; Cohen, S. Tissue Eng 2007,

13, (9), 2185-93. This invention is not limted in its application to
t he det aiwe 20f1/@p49st ructi on and t he arrangenent of conp@Qenis0IvAssi©Orth in
t he above description or illustrated in the drawings. The invention is

capabl e of other enbodi nents and of being practiced or of being carried out

I n various ways. Al so, the phraseology and term nol ogy used herein is for

t he purpose of description and should not be regarded as limting. The use

of "i ncl uthirgegers wilt bapuffisientfor activatinnwf aggry pﬂmlﬂsabﬁbwg'to illuimin@iqni amg" and
ass the

{her oal (ol 4B CGAINS Gk vRep ear ik BLCRRT £ S TSRS SVEC ai m
CLAIMS  1l(e. 4\ KigRRQSItidOder@RYRIaly Hiktir light from passing to all particles), in vivo, the
particles will be more abundant and the light will be able to promote faster activation of
the particles circulating through the light beam.

After ensuring that the nanoparticles are activated upon illumination, the ability of the
caged particles to adhere to cells when exposed to light was evaluated. As a first step,
human umbilical vein endothelial cells (HUVECs) were seeded in 60 mm culture dishes.
Twenty four hours later, the culture medium was replaced with media containing caged
nanoparticle and the dishes were illuminated for 1 min. After 15 min of incubation, the
dishes were carefully washed and placed under UV light transilluminator for visualization
of cell targeting. Non-illuminated cultures served as control. While the nanoparticles
(appear in white) in the dishes subjected to light adhered to the cells and clearly covered
most of the culture dish area (FIG. 5A) the non-illuminated cultures were mostly without
nanoparticles, with some nanoparticles adhering at the edges (FIG. 5B).

After qualitatively having confirmed the feasibility of particle adherence to the
HUVEC:s, the potency of the illumination in promoting cell targeting was quantitatively
assessed. Since this targeting system was not designed to selectively distinguish between
different cell types but to target any cell or tissue in the presence of light, the targeting
experiments were performed with HUVECs and mesenchymal stem cells (MSCs), two
cell types which may represent a broader population of cells expressing integrin 1.
These two cell types were chosen since HUVECSs represent cells comprising blood
vessels and MSCs represent stromal cells present in connective tissues. Together and
separately these cell categories are found in every tissue and organ in the body. Thus, the
potential of the nanoparticles to target and bind to specific areas, tissues and organs in the
body is only photo-dependent.

The cells (HUVECs and MSCs) were seeded in culture slides and allowed to recover.
Twenty four hours after seeding, the culture media was replaced with media containing
10 g fluorescent caged particles, illuminated for 1 min, incubated for 30 min and then
immediately washed, fixed and stained. The number of cells which were targeted by the
nanoparticles was counted under the microscope and divided by the total cell number. As

control, either caged nanoparticles not exposed to light, nanoparticles conjugated with a
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a plurality of particles, each particle containing an anount of a substance
to be delivered to an individual, wherein a targeting ligand inactivated by
cagi ng uswogoa/g@hoso-renovabl e protecting group i s attaehedstaonbs4curface
of the particles, wherein the inactive ligand is activated by renoval of
the protecting group by irradiation of the conposition, and wherein the
active ligand is capable of binding an anti-ligand. 2. The conposition of
claim1l1, wherein the |igand conprises peptides, antibodies, or aptaners.

3. The conrpawbleilpaptode aslaghrge®r whidiredra ifumeinpietl iodesthconaged ¥3GARARED: or Y1 GSR
(SEQ I D osi;tiaon of claim1, wherein the

phot o- renﬁWHﬁ%%ggW%?B%Pc%ﬁaﬁFgﬂﬁnggugiﬁgg?ﬁﬁdfron1a group consi sting of

2-ni t obenzyl 1n Rzl fypestiiss, HEREY L add MY(s, R PeidRBtige BEHAIHBARMhment
phenacyl s and derlvatlves thereof. 5. The conp03|t|on of claim4, wherein

t he phot o2fteribyablaop et signifieanty kighericomparpdso themanhigugpimted qultgiss rﬂz»yl

( DM\B) ) %3@@5' V<a(5 PH(?T[ itotlj?—ﬁ?\glng (P%G g&ga ({;@gl y'(fJ (?ggﬂfcaft{J {pﬁéiele ga e' nt -he

phot o- r enovabl e pro i'ng groupis'co

The conpoSiitha@moad, bildaigaflagsdemepirtitien eﬂpsosaﬂ)toehgjit tcf elbeellls as gehd signd i gands
are attached to the surface of the particles. conposi tion of claim
7, wher ei 1§Vgkas|thaBesithiFecogirol, particles garipayyed togah%eﬂ éarg¢t§r§lﬁgr 8pédnfi c.

MSCs), indicating efficient release of the caging group and efficient activation of the
nanoparticles.

Finally, the spatial targeting ability of the caged particles was assessed. HUVECs
were cultivated with caged nanoparticles in a 25 cm” T flask. The flask was covered with
a mask allowing light penetration only in its center (d= 1mm) and was placed in the dark
under an inverted microscope. Since every movement of the flasks after the particles are
activated results in nanoparticle shift and attachment to areas not subjected to light, the
flasks were fixed in the dark for 10 min prior to exposure to the microscope focused light
beam for 1 min. To minimize particle diffusion distance, the cultures were incubated for
this short period with a high concentration of caged nanoparticles (200 pg/mL). The
nanoparticles were activated and attached to cells where light was introduced. The
particles were arranged in a circle shape corresponding to the shape of the mask.
Although the mask cleft diameter was only 1 mm, the targeted cells were located in a
diameter of ~ 6 mm probably due to nanoparticle diffusion after activation or scattering of
the light beam. More than 94% of the cells at the center of the light beam were targeted
by the particles (FIG. 7B) while almost no cell targeting was seen at the area not exposed
to light (F1G. 7C).

In conclusion, described herein is a targeting system capable of binding to cells
selectively upon illumination. Since these cells are present in every tissue in the body,
this targeting system may be feasibly used for targeting diseased tissues without taking

into consideration expression of specific markers.
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9. The conposition of claim1, wherein the targeting ligand is cell-type
specific. 10. The conposition of claim9, wherein the cell type is

sel ect ed woamtdaes9gr oup consi sting of: HUVECs, MSCs, fi pcohiSasin®s50846
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14. The method of claim 11, wherein the photo-renovable protecting group is
sel ected froma group consisting of 2-nitobenzyl, benzoin esters, N-acyl-7-
ni ti ndol iwep1meteephenol , phenacyl s and derivatives theceafS20108508The

nmet hod of claim 14, wherein the photo-renovable protecting group is a 4,5-
di met hoxy-2-ni trobenzyl (DVNB) or a derivative thereof. 16. The method of
claim1l, wherein the photo-renovable protecting group is covalently
attached to the ligand. 17. The method of claim 11, wherein two or nore
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18. The ngiggg?of claim17, wherein at |east one of the targeting |igands
is tissue ecific. 19. The nmethod of claim 11, wherein the targeting
ligand is cell ThipeveaBeg i idt1indRd id heappichesh @fthe hahil dbonvhiekieh And iR cel |
type is selected fromthe group consisting of: HUVECs, MsSCs, fibroblasts,
car di oy ogyanesmgptofirempenetth psf deritle insthe pbeve| descr{ipg s yllustrated in the

drawings. The invention is capable of other embodiments and of being practiced or of

being carried out in various ways. Also, the phraseology and terminology used herein is

for the purpose of description and should not be regarded as limiting. The use of
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containing”, “involving”, and variations thereof

"o

"including," "comprising," or "having,
herein, is meant to encompass the items listed thereafter and equivalents thereof as well
as additional items.

We claim:
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21. A method for targeted delivery of a substance to predefined cells or
tissues in an individual conprising: (a) admnistering to an individual in
need t herwof20a/@oyposi tion conprising particles contai niPag/usao1amsesne of a
substance to be delivered to the individual, wherein a targeting peptide

i nactivated by caging using a photo-reanabIe protecting group is attached
to the surface of the particles; (b) selectively irradiating predefined
cells or tissues in the individual to activate the inactive peptide in the
irradi ated predefined cells or tissuetAMWYS enoval of the protecting group,
wherein the active peptide is capable of binding along with the attached
particles to integrins present .on the predefined cells or tissues |eading
to the targeted d gpﬂV@PVHS?mPﬂﬁn%ubstance to the individual. 22. The nethod

of Cl ainms 21, pl%ﬁ%}ﬁ%ﬁ{})a}tli@esp@%' ﬁﬁl&@é@fthﬁﬁé aft aR@QnP(Bf 2 uERBndeR6@e! D NO 1)

notif. 23. The nme claim?21, wherein a second targeting ligand is
attached t o deligersditd aviadbfiduaheviiagin addrgstingligand henctieatbdby ofgieg using 23,

‘(’:‘Qrer{)ﬂ o tnge PO 38 B0 ing AN s Radnled 38 FieRAEL dilihe Fltictes SHTRGRT L1 on
the inactive ligand is activated by removal of the protecting group by irradiation of the

composition, and wherein the active ligand is capable of binding an anti-ligand.

2. The composition of claim 1, wherein the ligand comprises peptides, antibodies, or

aptamers.

3. The composition of claim 2, wherein the petides comprises a RGD or YIGSR
(SEQ ID NO: 1) motif.

4. The composition of claim 1, wherein the photo-removable protecting group is
selected from a group consisting of 2-nitobenzyl, benzoin esters, N-acyl-7-

nitindolines, meta-phenol, phenacyls and derivatives thereof.

5. The composition of claim 4, wherein the photo-removable protecting group is a

4,5-dimethoxy-2-nitrobenzyl (DMNB) or a derivative thereof.

6. The composition of claim 1, wherein the photo-removable protecting group is

covalently attached to the ligand.

7. The composition of claim 1, wherein two or more different targeting ligands are

attached to the surface of the particles.

8. The composition of claim 7, wherein at least one of the targeting ligands is tissue

specific.

9. The composition of claim 1, wherein the targeting ligand is cell-type specific.
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a plurality of particles, wherein each particle is capable of carrying an
anount of a substance to be delivered to an individual, wherein a targeting
| i gand i nsiot2buzdetdoby cagi ng usi ng a phot o-renovabl e pr @CEAS21G/0§0836IP | S
attached to the surface of the particles, wherein the inactive ligand is
activated by renoval of the protecting group by irradiation of the
conposition, and wherein the active ligand is capabl e of binding an
anti-ligand. 26. The conposition of claim25, wherein the |ligand conprises
pepti des, antl blddicesposippartelgim 92wherginghe ertblype tsi selecstl finathe26up wher ei n

Compost {1 on SRV i 58 Vi PTG FRE R Fishbpsbbe TRl b Ry Eup | <

sel ected frag@mcarsqupsconsi sting of 2-nitobenzyl, benzoin esters, N-acyl-7-
ni tindol i nes, neta-phenol, phenacyls and derivatives thereof. 29. The
conposition of claim28, wherein the photo-renovable protecting group is a

4, 5- di met hoxy- 2¢ 'eh{o‘agﬁ%}‘ et&%@%r Ut a%u?s%gﬂc\é% b}a/‘eglattupe%rc ?g or tistfles ihNG

conposition of claim ereln e photo-reno € protecting group is
coval ent |y ahdiaiteldcdngprishe: | i gand. 31. The conposition of claim 25,
wherein two or nore different targeting ligands are attached to the surface
of the parti & @dminigeringrioandpiiyienk inggedthefqedp (PBPOSIiPRRFUNPIIHRE PUHSES one of

the targeti %niaﬁrﬂﬁﬁ'%aﬂﬁuﬁtio‘f SYEbSRRE LS bEdelivered to the individual, wherein a

targeting ligand inactivated by caging using a photo-removable protecting group is
attached to the surface of the particles;

(b) selectively irradiating predefined cells or tissues in the individual to activate the
inactive ligand in the irradiated predefined cells or tissues by removal of the
protecting group, wherein the active ligand is capable of binding along with the
attached particles to an anti-ligand present on the predefined cells or tissues leading to

the targeted delivery of the substance to the individual.

12. The method of claims 11, wherein the ligand comprises peptides, antibodies,

aptamers.

13. The method of claim 12, wherein the petides comprises a RGD or YIGSR (SEQ
ID NO: 1) motif.

14. The method of claim 11, wherein the photo-removable protecting group is
selected from a group consisting of 2-nitobenzyl, benzoin esters, N-acyl-7-

nitindolines, meta-phenol, phenacyls and derivatives thereof.

15. The method of claim 14, wherein the photo-removable protecting group is a 4,5-

dimethoxy-2-nitrobenzyl (DMNB) or a derivative thereof.

16. The method of claim 11, wherein the photo-removable protecting group is

covalently attached to the ligand.
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33. The conposition of claim25, wherein the targeting ligand is cell-type
specific. 34. The conposition of claim33, wherein the cell type is

sel ect ed woamtdaes9gr oup consi sting of: HUVECs, MSCs, fi pcohiSasin®s50846

cardi onyocytes and human enbryonic stemcells (hESCs).

17. The method of claim 11, wherein two or more different targeting ligands are

attached to the surface of the particles.

18. The method of claim 17, wherein at least one of the targeting ligands is tissue

specific.

19. The method of claim 11, wherein the targeting ligand is cell-type specific.

20. The method of claim 19, wherein the cell type is selected from the group
consisting of: HUVECs, MSCs, fibroblasts, cardiomyocytes and human embryonic
stem cells (hESCs).

21. A method for targeted delivery of a substance to predefined cells or tissues in an
individual comprising:

(a) administering to an individual in need thereof a composition comprising particles
containing an amount of a substance to be delivered to the individual, wherein a
targeting peptide inactivated by caging using a photo-removable protecting group is
attached to the surface of the particles;

(b) selectively irradiating predefined cells or tissues in the individual to activate the
inactive peptide in the irradiated predefined cells or tissues by removal of the
protecting group, wherein the active peptide is capable of binding along with the
attached particles to integrins present on the predefined cells or tissues leading to the

targeted delivery of the substance to the individual.

22. The method of claims 21, wherein the peptide comprises a RGD or YIGSR (SEQ
ID NO: 1) motif.

23. The method of claim 21, wherein a second targeting ligand is attached to the

surface of the particles.

24. The method of claim 23, wherein the second targeting ligand is tissue specific.

25. A composition comprising:
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a plurality of particles, wherein each particle is capable of carrying an amount of a
substance to be delivered to an individual, wherein a targeting ligand inactivated by
caging using a photo-removable protecting group is attached to the surface of the
particles, wherein the inactive ligand is activated by removal of the protecting group
by irradiation of the composition, and wherein the active ligand is capable of binding

an anti-ligand.

26. The composition of claim 25, wherein the ligand comprises peptides, antibodies,

aptamers.

27. The composition of claim 26, wherein the petides comprises a RGD or YIGSR
(SEQ ID NO: 1) motif,

28. The composition of claim 25, wherein the photo-removable protecting group is
selected from a group consisting of 2-nitobenzyl, benzoin esters, N-acyl-7-

nitindolines, meta-phenol, phenacyls and derivatives thereof.

29. The composition of claim 28, wherein the photo-removable protecting group is a

4,5-dimethoxy-2-nitrobenzyl (DMNB) or a derivative thereof.

30. The composition of claim 25, wherein the photo-removable protecting group is

covalently attached to the ligand.

31. The composition of claim 25, wherein two or more different targeting ligands are

attached to the surface of the particles.

32. The composition of claim 31, wherein at least one of the targeting ligands is

tissue specific.

33. The composition of claim 25, wherein the targeting ligand is cell-type specific.
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34. The composition of claim 33, wherein the cell type is selected from the group
consisting of: HUVECs, MSCs, fibroblasts, cardiomyocytes and human embryonic
stem cells (hESCs).
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