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WD 2004/ 063387 PCT/ US2003/ 037793 FLUORESCENT

SI LI CA- BASED NANOPARTI CLES 5 This is application

U. S. pat eRE€T/US2003/037793
application Serial No. 10/306614, filed Novenber 26,
2002. Field of the Invention The invention generally
relates to nanoparticles, and nore specifically to 10

| i gat ed-fl uorescent nanoparticles, nethods of naking

| i gated-fl uorescent nanoparticles, and nethods of

usi ng t hFLTQRESCENTSEECARABERIPANORABITGEES

bi omarkers to, for exarrpl e, nonitor the notion or

m)verrent of c?l [ ul ar onents on or.w {}J ceI
syst eng NisghaPR plisptighelais it tH P R ﬁﬁgqné ot pifent
t PrRlicAaeR Seal djos 445866 16k fiked i terhies 264802exanpl e i n

intact or living cells. 15 Backgr ound of the Invention

FI uorescent and magne!g; & *é garti cl es have
known utility as mar s TG tors in various

bi omedingalinRE6&Y gencfi1Bglatdd € MMBbartea ml Motespekifically to
mar kers for sortlng cells are i mmunocgnj ugates or 20

i heutadilvgresesnt panserdiclsi wathphceimeking aga’f@ pescent
TS o BEEENbo el LR ERANEIL Gl AR ot o

e&aimlrlems &, fbabepte Ronitor e lliﬁcﬁloh @ir nﬁﬂretrxenaasf cannlab ody.
| mmuno- nagnetlc l.abel s typically include,

ezampo@nts@prs@pw}pa.calﬁﬁ@m% émbmﬂilech’éeﬁt@rln@a%%we PY her
e I an be
@Heﬁ?éiy %Qéas?s cﬁ%gg@% 1% @(5112%991%5%6 azgﬁlillth%t C?%Ha%:k%ﬂgb dy
to a marker of interest (e.g., receptor site) on the
surface of the ceBhackdivahdiosthenwehtiogur f ace marker.

However, the chem cal and physical _ structure of cell
sur f ac & upspseeit A anagsaiés RYVBELLS PRTiRS B@‘f@clg}o“{ﬂalﬁé}% as
AHARAEHhA Baichhes BB EERRAICIAE. 82DEld the
accur at eterm ne. “Fl uor estent abels
h am%n’@ﬁ%ﬂu@ﬂ epalkad fmstftn‘@cam)due imbymecdrgaghitesgpror 30
covalently coupling.a fluyorescent_ dye ont neric
pamnuapl@gw?hlébfﬁ%wm Iﬂi:}ug HRIGPeeR i {MIRUEP 3@3}%@?{
¥‘&@Q g‘ﬁ}nluﬂo BhuoR¥ct NBEIs 1@;9%115&9%& In
e art pre erabl'y using an automated techni que,
e egample) mﬂumm@rmmgepuls jiwhed msindingoddys %mmMnSgnehc labels
Pat e to Mansou
S ey bty for RIS, b SpRE TR sPe perisls ied g cither
Fﬁ{'ﬁrﬁ By ofaN ?}dalmboﬁg}‘e(lbﬂ% é’éﬂ &rbéi’forﬂﬂéﬂ '{)!ypifoﬁ eﬁzﬁnple
uorescent materials"in a sing particle.
V\Aatthcémg i lastiladsydo pakerafd naeij) (z(ggzm@@gggme) on the surface

C}‘—{thtgsc'%ﬂo%/atoag 737(? :?l surface marker. However, the chemical and physical

structure of cell surface marker and density of immunological labels attached to
the cell surface have generally been difficult to accurately determine.
Fluorescent labels have been prepared, for example, by embedding or
covalently coupling a fluorescent dye onto a polymeric particle. The resulting
fluorescent microparticles can be analyzed manually or by other methods known
in the art but preferably using an automated technique, e.g., flow cytometry, such
as disclosed in U.S. Patent No. 4,665,024, to Mansour, et al. The versatility of
the fluorescent particles can be further enhanced by the incorporation of multiple

fluorescent materials in a single particle. However, while simple absorption of a




single dye into a particle can be adequate for nost
oses, problenms can arise when nore than one dye
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em ssions attributable to, for exanple, internolecular
fluorescent energy transfer; differential fluorophore

uptake ratios attribuytahle to different dye 5
sORglB e it d PAtcH: GINORSIBBIANF FOSHRIEPPSES, iploms can arise
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abé s&pdm@edosyom fige ﬂaseddf@ﬂe cdlopopaieaion Iuemg hymdynet figlda A
speci fic paramagnetic conmpound to a specific hapter’i
ofhoatceming @rmwe HBEtipies 19f1e sk of spesHEalyrn sagnely abele

SrPREATEINE fer B lic QB Al RORRY ﬁé1é?ﬂd51%8i:h%rﬁa%g@tm by
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plil agmbmtcifsilﬁel eﬁlbeires pihidhl cangonfencd ﬂrﬂataaabjshs wand thagnostic

manetlcp ticgles used i,n_detectiaqn di agnostics
rRfion S Brg B BORS RF CHTEcs 1Y GELAE ACAGRT gh y
a &Hﬁﬁ%@m%@ﬁ@b&ﬁ&@td %@m@ifc Wapeloh a RORY b?%}bééfﬁosor non-

gnet suscepti bili In addition to their magnetic
psmEpdict iindin® b1 § paremag:mjmene:t@}, or rmertalrmgrpéqm ctrec&mcb a cell,

. t fl
PCaRr A PP RRS L 6 DR DEobrB5d QIEaBP
bag@dn@Fedien ﬁlagl%t@tpamlesdﬁ@@ ﬁﬂ@dtmloﬁ ahd tkBossic# Biclude,
magnetic particul ate | abels, coll oidal rmgnetl C
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{ ent 1 |
sl Rt e S O e
WiteDmabfdticoya H@h@wﬁ@ iﬂd%@&{pﬁﬁhﬁ‘gﬂétﬁz) eapakl eartibodies can

ge0|f|c blndlng a cel surface and optionally
d ¢ olassi e, \f@rteﬁa@ewem‘tfe thyes eepdFategniien bassd guigiarplative
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and molecular magnetic labels, see for example U.S. Patent No. 6,412,359.
Latex nanoparticles having a polymeric core and a surface decorated

with, for example, a ligand molecule capable of specific binding with a cell

surface and optionally decorated with genetic material, such as a mutant gene,

are known and may have utility in, for example, gene delivery to a cell and
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WD 2004/ 063387 PCT/ US2003/ 037793 expression therein,
for disrupting tunors, and related treatnent

(2002). Optically active nanoparticles, such as
fl uorescent nanoparticles, having an electrically
conducting shell and a silica core are known and have

mpmswnuﬂﬁeremsf% SrraimgiBorsnul pe Rl iRt app ligatiogs, see

SRED GBI g o o o, T vl

short C@ph@z@ly@fctlee(nai’topmgwfels waclke scBndregreatienoparticles, having

nangparticles is, th ed br| ht ness and th
A DAY Q?@#EC&%%ESFI @@A %%1 i} BRyF @ r‘rﬂf@a@é’ fity in,
ot BRIS S, mSYAhEH el R ;fEe)fs geﬁ&w MitRa®idAgk l1cat10ns, see

fluorescent nanopartic here i's curr
niee dxdroplej e Beteot Tﬂbmérﬁéﬁéﬁlarﬂeﬁ;ﬁwlﬂl cles and
met hod or detectian.and anal SIS t here

et R Gl et A b S e dgyted
| 0} FHiSRE LS thel :Bb A &Pl ot MR By aPUNBREYen®probBein dispersed
Invention 15 The invention provides a fluorescent
neEpe; parttdady mpibi smgh@ﬂuqe@@n@lanepmﬁheg ng a

fluorescent si e co a she on_the
core. TheE FirisAly ey B MiprsOphalodeenf B RBfui bt
NABARAS fr GeRcEOIRId Hlalis tRer6RIiR, iGOIRIE $hd¥ud as fluorescent
fluorescent silane conpound; and a porous silica
shetkierson prpleesdp dispernel Talogical@atdidon al so provi des a
fluorescent nanoparticle which can further include a
i gand, such as a antibody, conjugated with or coated
on the surface of Sdﬁnﬁﬁwefﬂ&dﬁmaﬂﬂﬁnoparticIe to

forma |igated-fluorescent nanoparticle. The i gat ed-

or |i gaRRITyERFIRIOYIeRR Qg@réﬁﬂenwéaﬁﬂ@%ﬁlﬁe@@@némgt feore

P d I i ghly

LR g SHFREk: G80s oARHIRE md PR i85

nmoni t oThagrvagéon e&so/memde@m’ﬁumedcem melmopaftﬂo]sa ompeelig:

conponents. The |nvenption al provi de

p har ma% ERICICORIPTIBIRE i TRIOT S Feny ﬁﬂ@w&@mwg? a“@ SiRogqy silica
3 ?? dhe fluorescent nanoparticles or the

Ilgate uorescent nanoparticles of the present

i nvent Thainvihen aisueprbifidns aﬂsmemvmangaraicfel winrcle soehtther

the, 30 ligated-fl
BB R eGP T et Ao SO o e R of
aéh% QIuBE&,MéIﬁ %ﬁndﬁa&ﬁﬂ@\% fohH Qﬁ%ﬁfe@fﬂm?@l@&ﬁ %ﬁﬁéﬁakt?&e ashe

P har maceuti cal "carrier partl cles. Th us,

| Tigpatce abr fligannd eecmptiluomsopdntiapagsicsad thespresent invention can
be used, for example, as highly target specific diagnostic agents, and motion

monitoring agents when combined with cells or cell components.

The invention also provides a pharmaceutical carrier or drug delivery
vehicle comprising the fluorescent nanoparticles or the ligated-fluorescent
nanoparticles of the present invention.

The invention also provides a fluorescent imaging agent comprising the
ligated-fluorescent nanoparticles of the present mvention.

The invention aiso provides ligated-fluorescent nanoparticles as

pharmaceutical carrier particles. Thus, the ligated-fluorescent nanoparticles can
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WD 2004/ 063387 PCT/ US2003/ 037793 further include a
t herapeutic agent, which therapeutic agent is on the
7or is conjugated with the surface of PEHES2003/037793
fluorescent nanoparticle to forma pharnmaceutical
conposition. The invention also provides a nethod of
kiing. a. fluorescent 5 napoparticle conprising:
BRGRINF GJRESREE ETTpBONR RIS 2 FLL bR pirface or
flsughResRAtvitiBe s@tte RMOMERAR N o8P i GAERORR 2 SUCh
as a co-reactive organo-silane conpound, to forma
f Phromesaéinel awomesitiand mi xing the resulting core with a

i . , 10
Fet raal KoY S TEED 0875 RSt okl FUgHssol core.
ThghobRRM doRiprastg® provi des a method for nonitoring
nmovenent of a cellular conponent of a cell

conpr i BiHgs adatededit pempeiade syoh agjatrhaciive fluorescent dye, and

<P St RGP I AR Ytk P Sork i B Bmpna. o

nanepafiidredcent cane ak® recording the notion of a
fluorescent loci for a time. The invention al so

pr ovi dexxiag harRBHtingeore Fedd sidcadosamseonmaprd, shelyas 3
. Sh{iIEAE 16 Borfh PRELETGIGR tl?eecéqu?.Of treatment with
an ertecti ve anmoun of a l'igated-Tluorescent

nanopaThé ¢heentivhiatdd pendiparat inethedofet indsialoking i evanttes of a
t herapeutic agent, the nanoparticle being adapted to

s BEATICORIPYNELE 968 Calf eOPENANS 20 di sease produci ng

conpon £t : ; ' C t
ol |t dRF o0 bR 4 fed XL Mh R ok RERER P
i tdlemivalatdengratedevittetbo dighted-fvetdscent hendpavtenhd; izad al so

provi des a.nethod for treatnment. conprising:
Cont acteRGIE GERIOURROS * AUPFGRTEIEd g Bitent
nanopaihi fhentioMiisbro¢Red 2 RRBRIA Ll EatR tdésg:la?aé d¥nprising:

includes a therapeutic agent, to form
sel ect adnainisterthgcio ragpadignimmt teetl lod tepigadng dviftl aroeffstien timount

oBF RRBach R R PR bRl R o
UhGrabButl: el B RS haiPaic] ki AN Ad k& to %T&ti{?&l? associate with a

conprising a ligated-fluorescent nanoparticle, as
i fibepse Paed@ingeranprneBofihe ¢ally émtivon aajelstipelyvdederated cell

R PSR L o ool ourface
nanopailfughRirfgahe debetéd agl.
The invention also provides a method for treatment comprising:
contacting a cell with a ligated-fluorescent nanoparticle, which
nanoparticle optionally inciudes a therapeutic agent, to form a cell selectively
decorated with the ligated-fluorescent nanoparticle; and
irradiating the resulting decorated cell for a time.
The mvention also provides a kit for use in the detection of an analyte,
the kit comprising a ligated-fluorescent nanoparticle, as iltustrated herein,

The invention also provides a kit for detecting and monitoring a cell

surface component comprising a ligated-fluorescent nanoparticle for detecting
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provi des an assay nethod for detecting notion or a
change in the location of a cellular conponent in, or

on the surface of, a cell 5 when the cell is treated
witisheel stfsreapeiponentagehtpticoalbyr & sicogler Homandtoring the sl |
with a li ateg-fluorescent nanoparticle, wherein the
ngﬁgﬁﬁP?ﬁg?%ﬂﬁﬂcludes a therapeutic agent, to bind the
l'i gat egiyf LHRHBSEQRb pro@ASPA hisel enditbdardeeletddliAs motion or a
conponent; and recording the fluorescent signal. 10
Behagfze De dlor [osaliom obf ceHelaDeamberpst B, @F on thelyskeapbsa cell

that the fl. _ opar.ticl f .t.he t
e iEGR cogEres TG “eRe A atoset SoRBgtlE: Pon-
spect r dfiadthn@ a 2eill WiBtd dbesdfherddyaht a@Moiicle atletisn the

and the brightness of each 15 species determ ned by
Fasopedisly endndes. aFligragaic agepiistor dirs theeligaed-Bnerescent

Ao e e S M These wiTrca o

nanopagdcoliesthagiusasskeltsignhior bi ol ogi cal i magi ng by
| abeling the FcsRI receptor of rat basophilic
| eukaema 20 (RBL) mast cells. FIG 5 conpares the

bri ght ness of free gygs paldiiniRnRTPBEAMAleES: and
gquantum dots with a 77 run.

FI G 6Fid] uglusaitesthanihe fangEseentd hartoperticlas of 8xgeatent

bri ghtness of the, f ({;.escent. nanoparticles of the
pPWEBHRN SEYGEDF SRITEIMH AT e AP IREBEC I t i cl es. 25 FIG
7A 1T eebralipsy2ts 8XaNRIdRyRImiBlan IPARGHE 8ribhiedsng eact
specif?gﬁtyI§§lth% ?ﬁﬁorggé%%€ ﬁanopartig es gf Fﬁ%l
pegsastdeionvernt by CHnGisurdadritd. ust r at es an exanpl e of

R bR
t Rendphlaneutic agents inside 30 the mesoporous

particles. 5 _
FIG. 4A-D illustrates potential of these silica nanoparticles as markers

for biological imaging by labeling the FeeRI receptor of rat basophilic leukaemia
(RBL) mast cells.

FIG. 5 compares the brightness of free dye, silica nanoparticles, and
quantum dots with a peals fluorescence at 577 nm.

FIG. 6 illustrates an example of the fluorescent brightness of the
fluorescent nanoparticles of the present invention compared to latex particles.

FIG. 7A illustrates an example of bio-molecule binding specificity of the
fluorescent nanoparticles of the present invention.

FIG. 7B illustrates an example of bio-molecule binding specificity of
comparative latex particles.

FIG SA-C illustrate the immobilization of the therapeutic agents inside

the mesoporous particles.




WO 2004/ 063387 PCT/ US2003/ 037793 Detail ed Description

of the Invention Applicants have di scovered
‘VOFWU6V§§Eent nanoparticles, and |inked- or  PCI/USZ003/037793

| i gat ed-fl uorescent nanoparticles of the invention

that are useful for |abeling, detection,

identification, ]JjTDth nmonj t ori nd |.ike
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properties, such as a smooth nonolithic surface or
h| ghl y Hermsessnsureniion pravides wgppiticles w@whscanﬂﬂa&%u%fféiﬁ
e f ;
10 ullﬂlrﬂti&ﬁonﬁ qyﬁ%lt%&h%\é oérg[ g {Bﬁﬂ% gagﬂgh%f ?%Q%gg%lﬁ %12%1% tCBle ‘I’I%Eh

pr@ﬁ@@tmhdﬂ&%ﬁtaﬁﬂoiﬁé@&hﬁtﬁﬁmﬁ@r sutihes prepastiat donipoangt, a silica
characteri zations, of fluorescent nanopartlclgs i n
vaieB ndids sadeduadedp Pave piangs pigiss i Aueknesess png swifig

( gﬂ% APk Gk él%grﬁmﬂ%ﬁ%ﬁ&%fc GteS &fa dllﬁgftil:y‘f}lé%t@'sﬁffﬁéee bSd

e prepared having narrow size butions. The
v ewsiah silict yurtdce tthe bp fethar pitisically outlenakbhlpnmotidied taith, 20
i ncorp [ such

g{aégon of gﬁfferent fl uorescent material s,
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appl i cafy eseg{?%? ﬁmg%gamo@ﬁﬁ el &L%H'cﬁ%b@ﬂz&[o%s

al so pro l'e the ugatlon of
s pefdivbrascéiit gamaisy ticdesah vasowsides csulut@ﬁe for sm;gka;mﬁmis fracking

he fl { ticl f
SSPT) SiiealiFise Rarco RERS B it hicterk R hEMBRER hevias
Pri@RRiAliL s A8 R SRALIRS drhR, A80REERAGR MBuws B the
in situ syst emati c nanopartl cle size- grovvt of

20 f | inoresiation of diffiatsphfludtesasst naterinle, ugh gedss, depsnding on the

ex.a from.about 500

B oL b6 b RS A el Rt R e o
asprblildes thashedabie el dbnjubagod blkpkeisie Q@bﬂdb@ﬁk@m&fstahﬁb&ﬁes or
can be conjugated with a nolecule or entity, such as

arprateiishorly e Gaescent napeiasticles te forp prabes asdfilikeenccic
't | gt ed elfh ol uol %?ﬁ hﬂ@@%ﬁ%ﬁb& Behi:& Eha%?é“s g used
oI dé Sdet'ec ar I'npol Nt or specify

25 WgBpaRatiirg by bexel sysfenmadt haiopticle dipngroonh, odfluordedny a
di sease , state or condjition, such as the presence or
ab¥EARBUGES PPE 1AgE 8F: fp]é@@mpéq. drom about 10 to about 500 nm, and

from about 25 to about 100 nm, and narrower ranges therein as illustrated herein.
The fluorescent nanoparticles can be conjugated with a molecule or
entity, such as an antibody ligand or linker, to provide a linked- or ligated-
30  fluorescent nanoparticle which can be used to identify, detect, target (i.e.
pinpoint or specify with a high level of certainty), monitor, or modify a disease

state or condition, such as the presence or absence of particular receptors,
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still further conjugated or associated with, for
exanpl e, a therapeutic agent and used to, for exanple,
treat a disease state or condition, such as b¥
deskiabekid leyels I@ép@rheulap@amt@ma@@rﬂtket @mpogrieasbellisfede of n

3Bl SRRl SRR AL ) By
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ofcl@Be 6f Bamaeuttefenatn ardativety contiglledonoss. e hgﬂd@d—
bl ood-brain barrjer. In enbodinents 5he t her apeuti.c
afesresceahnasereticke pargpe Wﬁora‘ﬁ?é%‘éj& ey el a t%%wugg agent
t he

C{)a)a 1@& ?otblagﬁ'gmqf Eféfhs&% u%%lﬁée 5 oa‘%fllg{é% élﬁcrell or cell
nanﬁprafent ok mthimthebhéy oﬁmbm@ammnx sichiagpdutdae, sg.ldecoas the
shel | i nconpl ete, the therapeutic agent can be
aRege+b: ﬁlééawefh the fluorescent core, 15 such as by
physi c o aBseRBhds A @BEra gé’uﬂ%od%ght%n ipRBhACH 'b%fh abl?!al%ed into,
t herapeuti c agent can be associated with

| swpand tlof ingerdticgmombred eithesitien sheﬁﬂanupate@ cmltcethefsﬁlca shell of

R e T bR e RSB OB R L 1B sl
di&@ﬂ@&ﬁeé @h@ﬂﬁ@ra{:ét&ﬁiz@@ﬂﬁcaﬁ%@|a*séb@fa'té@1ﬁ§ﬂh frRriRXe8t Roreds

0 pharmaceutical carrier for ther apeutic agents,
amcheas ba phiysiorl ebswntiomer iseboniding iftsractioraipé ther men@@ egent

nuclagotl de ol%@r‘% @ﬂp 1%%11(1( ?N 1%\1} %Xﬂ’t?or '%ZE%{ én%%l%ﬁﬂeafs

maédeed. and gene activity can be det ect ed as a col ored
gl ow of the marker when illumnated with a | aser. The
nanopafif bgﬂiﬁd@ﬂoﬁeﬁ@m RYWREILSHS o4 fhsisessat jnfention can be used

C&@baﬂ‘%‘iy 8 d1 {olg 19&1'1& Q%R%m ghgﬁ{&np %91“@38151 plé) fas Qas S' ve

or coval®en Ing o eria |

apladmiaeeuﬁsulcdmnaa fhafht@psyticaenigensl, as aﬁluob@ddsrﬁsr&arkei in, for
enzymes or nucleic acjds, and used for various ty es

oﬁxa@ﬁapw@lea@%%m@ Pe Y PRI GATSA GErerRa e P a?é.\*dwle
( PN Ry, Jﬁ‘)ﬁi’b‘hs SN ot i th@cﬁlgﬂégc?ntgﬁ%lcéﬂ 4n@ geﬂélactﬁf%flcan be

separatio
edstected ientabred@holv bithestarked wimpl[lumatalt@insuh T heser.
nanoparil cles 30, i ngor por at e k}gown fl uor escent

r espond Py BARARICISFI08 NSTERIIRE; 2y, ISP EREREE wlgya tigand,

c @%ﬁe??&fp&%@% §08ovaRntt AB1MEPF Biblogifal AlldaRN 8. an
analy“ce such as haptens, antlgens antibodies, enzymes or nucleic acids, and
used for various types of analyte assays such as immunoassays, nucleic acid
(DNA or RNA) assays, affinity purification, cell separation, and other medical,
diagnostic, environmental, and industrial applications. The nanoparticles
incorporate known fluorescently responsive materials, such as, dyes, pigments,
or combinations thereof. A wide variety of suitable chemically reactive

fluorescent dyes are known, see for example MOLECULAR PROBES
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attachnment to .
Coupling Agents, Plenum Press, N.Y. 1982, Thus, the above mentioned organo-
silane compounds and like coupling agents can be used: to make the core; to
male the silica shell, to modify the surface of the resulting silica shell coated
fluorescent core nanoparticles; to attach or couple a ligand to the fluorescent
nanoparticles; or to modify the properties of ligand before or after attachment to
fluorescent nanoparticle. The organo-silane can cause gels, so it may be

desirable to émploy an alcohol or other known stabilizers. When the organo-
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abogt PO EcaRyIIgcaptaly i iimubcashel, i lilgeopgdaationse
thi ck N8RS ¥k Sl?ﬁ’{ll%hl?%()l? he cla?e &a?fc%v&o f&r@%mh{} Chgﬁsa%og 10
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the silica’s
f koiboabdld pekednt bothabotfhcelardDOE thd berediTandigend whed hglted on

fl uorescent nanoparticle can be, for exanple,

2
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agﬁwpaﬂé&lé QnaROF: «30pB2AMIRLEESE toBBFut 1,000 nanometers. The
diameter of a ligated-fluorescent nanoparticle can be comparable to or larger
than the diameter of the fluorescent nanoparticle depending upon, for example,
the size and the amount of the ligand selected. In embodiments the diameter of
the core can be, for example, from about 10 to about 300 nanometers, and
preferably from about 25 to about 200 nanometers, and the thickness of the silica
shell can be, for example, from about 25 to about 800 nanometers, and

preferably from about 25 to about 500 nanometers. In preferred embodiments,
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30 preferably from about 25 to about 200 nanoneters,
and the thickness of the silica shell can be, for
WO20HAsPB7 from about 25 to about 800 nanonet ePET/USHE3/037793
preferably from about 25 to about 500 nanoneters. In
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15 i gatR dvira o e em bapapisd e copuollepisliyprycanelarsest t he
I 't &H}S’e an.be.acconplished, for exanple, by attachnent
g at%bvgle%t bond or 20 by physical absorption. The
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25 histocompatability of the nanoparticle or of an analyte when a nanoparticle

associates therewith, and combinations thereof. Preferred ligands are for
example, antibodies,i such as monoclonal or polyclonal.
The present invention also provides a method of preparing analytes
which are selectively labeled with ligated-fluorescent nanoparticles by, for
30 example, coupling (e.g. covalently) or any other known method(s) of associating
the ligated-fluorescent nanoparticles directly to the analyte (e.g., through ionic

bonds, hydrogen bonds, by simple adsorption). The resulting selectively labeled
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associating the ligated-fluorescent nanoparticles
directly to the analyte (e.g., through ionic bonds,
hydr ogen bonds, by sinple adsorption). The resulting
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fluorescent nanoparticle, for exanple, conprising:
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resul t fluorescent nanoparticle with a Iigand such
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anti body,e ;2tpods of making the nanoparticles of the present invention can

further comprise combining the resulting fluorescent nanoparticle with a ligand
such as a biopolymer, a synthetic polymer, an antigen, an antibody, a
microorganism, a virus, a receptor, a hapten, an enzyme, a hormone, a chemical
compound, a pathogen, a toxin, a surface modifier, for example, to alter the
surface or compatibility properties of the nanoparticie, combinations thereof, and
like materials. The resulting combination of the fluorescent nanoparticle and a

ligand provides a ligated-fluorescent nanoparticle. The methods of making the
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30 surface or conpatibility properties of the
nanoparticle, conbinations thereof, and 1ike
materials. The resulting conbination of the
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In embodiments the present invention provides a method for monitoring

movement of a cellular component of a cell comprising:

contacting the cell with a ligated-fluorescent nanoparticle to form a cell
selectively decorated with the ligated-fluorescent nanoparticle; and

recording the motion of a fluorescent loci for a time.

The fluorescent loci can correspond to a single ligated-fluorescent

nanoparticle bound to a component of the cell. The fluorescent loci can
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with the |igated-fluorescent nanoparticle; and 30
recording the notion of a fluorescent loci for a tine.
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from about | mcrosecond to about 30 days.
estamplecatdrvdlafromsabofiat exvicebdcahditg ataut BOdaps. clal thpikalrextra-

XL Bl S SR T o
Poeffer abinyplé MM about 1 second to about 60 minutes, more preferably from
about 1 second to about 40 minutes, and even more preferably, from about 1
minute to about 30 minutes. The recording time period can often be
conveniently shortened or lengthened as desired by changing the ambient
temperature of the sample or system. The contacting and the recording can be
accomplished in vitro using conventional microscopic photography technigues.
The contacting and the recording can also be accomplished in vivo using, for

example, a catheter adapted with a microscopic camera or fiber optic camera, It
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about 1 second to about 40 mi nutes, and even nore
preferably, fromabout 1 mnute to about 30 m nutes.

WO THE/0pB8br ding ti me period can often be convRei/estNy037793
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shortened or | engthened as desired by changing the

anbi ent tenperature of the sanple or system The
contacting and the recordi ng can_be 30 acconplished in
vinﬂd)eL@@Cgb’ SodG iR pehaf ondiieary skibipndhe A tio gmdpiiynents of the
t | o 1Re, G b d.lhe recording can also
SRSy T SRR, AR DR ESEOL AL QGRR 2 Sce
c dbhetaaiplacafiirgda whotogaphlccreosQam 6f &aﬁlﬁfnﬁn@t@dfsggﬁﬁlen can
optic canera. It 13 WO 2004/ 063387 PCT/ US2003/ 037793
widlse pauiasarsly adloredatectien shdugresembilarar achias 4 cplh or cell
t j j : ' [ t hat
R e L U
for exdmphdodmkémy therpopagidihi phareroadicdl catiedbomprising
i1l und nat ed speci men can, al so sjmnultaneously afford.
045 QPGS PRIQRSF L Ghtlas FRFSTSHIERYeS. 41€ piopHlyce ligend
5 ; I I aggﬁ ed with a

I iaé%?%ﬁé?lﬁﬁtj%?%ﬁ%ﬁﬁﬁg%ﬁop r?ﬁ[c ‘e. In enbodinents there

i s pr o cetbodimpdies tiere us iadal poaidetier phompcesiqal compesition

fluorescent. nanoparticle of the present invention, and
oSPTBHANE § i1 g oGP SoSh SRORA Ul el D@D Pl e iisnqciated
NGAANAE ElleSeent RRPRGdidTENt s there is al so provided a
phar maceuti cal conposition 10 conprising a

| i gat edn fampwdesednttheranisperovided egn amekzing tagentapeupiising the
agent sociated wth the fluoyrescent nanoparticle.
AR IR IR et BF sorBle” SRR g e Tamton:
C QlipfeksSdnb garidperticld i ah ekl &iri0s 65 GRManSHNNAT The hBagif@hgent
exanmpl e, where the _Il:haga.nd of the ligated- fluorescent
n&ffbP4r Hicg| Bl cenventiond ispsingc prasesseheanianopfanablyc wbere, for
The, i tmagi.n . c d.in conventional .
RO RS IE B AGDRSRLL Bl

achbodinfehtso tirsitendd- i@t etl ndopatieRs @R thdbrc gt NERSLHS can

desired. . In enpbodinents, the [igated-fluorescent
ﬁf@r?qhémé@ Broresent driebtess Whieris. fon ceample pireiaeut 2 to

enhan : i Whij; ¢h.d | e

£ PORR BRIt PEaR Ehnp 64 OLOSRAGNI b o Bl G AT S

cpavielst,isoniaks Suortswent ldieg uaickd. f | uor escent 20

parti chﬁs, such as fluorescent latex particles. In
enbodi MefPEOHRGE here iopfayitedat mathsa [rofreatingat idkgase or
dgggl%gc&ﬁpﬁsqlﬁgs_or der conprising: admnistering to a
patient in need of treatnent an effective anount of a
| i gat eedifinisteregcterd paignbpantddodfdreathah anasifpvd bobent of a
OBtgelth(ﬂ%lugl)ésée% | ﬁje%%lsaar%cle which nanoparticle optionally includes a
therapeutic agent, wherein the nanoparticle is adapted to selectively associate
with a disease producing component of the cell, to form a selectively decorated
cell with the ligated-fluorescent nanoparticle; and
illuminating the decorated cell.
The ligated-fluorescent nanoparticle, by itself or as part of a decorated
cell, when illuminated can fluoresce, heat-up, or both. Thus, the selection of the

reactive fluorescent compound in preparing the fluorescent nanoparticls, and the

selection of the ligand, can be made empirically depending upon the balance of
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25 therapeutic agent, wherein the nanoparticle is
adapted to selectively associate with a di sease

WO gid@6E8hg conponent of the cell, to form a sREEHEINHPIF793
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decorated cell with the |igated-fluorescent

nanoparticle; and illumnating the decorated cell. The

i gated-fl uorescent nanoparticle, by itself or as part

oflugreawnb pad een- Soowstant (hiwe dissivkbipn)rppertiendesived. * Higher
u 0

| RS2 ERs B SR o8 b o

f E&%@ﬁl@&ﬂh dilafofetetnsC Fighe Ifmdnlfl'mel es6@lk eadpetifes @iaytﬁtﬁdeszred
dependi ng upon

a can be nade enpiricall
%sﬁcl@%h%m INESSien 1, de3a TP %cwwwé%éﬁrwg@a therapeutic
gé?ﬁ o &6 %gﬁlgkﬂlsﬂ?&ec{rbﬁ gﬁ%?%gfc«(aﬁf‘eﬁtzaﬁdns§ 1 PALL QD c-heat

perties orescent properties nay
b&m@/’t rhdemﬂmhmeﬁeuemy e desirgde anosend noxtueh &f tveabt more

le in dilute stens. Hi_gher n quoresc nt
p 18%?@?%?5?%‘3‘/ ﬁén‘ﬂ@ﬁcﬁéd g ed‘%&'&ﬁ‘th ’rfﬁijenit ‘"‘ng non-
ﬁﬁ&%gcetn@ rJ);%m@ska@on PO %h@ﬁdsl denat Hz%réﬂft Joperties, for
erapeut| c 5 agent or to acconplish selectiv
mﬂmemmltmtldwlczaqutidﬂy, rsicht @ oofhiecicheetion and treatment
hEraglé In enbodinents it may be desirable to use a
S EWB%r nore | gated-fl uorescent

nanoparrhi;g | 188 1i3atTHotistdR RRbpadilidley 65 aRNre@NE i@Ation can
fl uorescent progertles to exploit the benefits of the

dbt fueercbﬁcvttrq@t apight-iogdicatt @ﬁfﬂSltE’ﬁ alngshass os |drm1 deztn cloight fhepy is
suc e detecti

S EISPR of bt B P ikt e S 1P R S

naRpRabbiE! ed @hrtichRr PéEsRRhchiN¥e n%gh@ nhe@py, B us@HplkO is
treat a light- or heat- sensitive diseases or )
dpbetedwramic thegpry tHEFapjichds adevtier Beatmeri paesssrivivph has

n%gén %ﬁ‘éﬁttﬁ @é R0&; v%rmn(?é’sﬁo%ggat W?cﬂst ett}‘f%f aﬁ{HﬁQ %’DT is

A par I"cul ar ment o

f gmf@n&m{pby& filss sisterpiralip dy n@picalli Imlrrap;yteﬁi?@Ta) phbaoedsnsztsm
a two-step treatmentl?{gro ss whi ch h, been found to
b EOBP ek Py HkE (OREEE sEbsggRatly P’éwtlas o pRigegt site

PlQ/Tth' ]§g5ht ReL fv%v'éﬁg P Wﬂcﬁhr éﬁre%ggﬁcﬁ% %ﬁl a|b¥orgﬁ%r$ Qzl‘%’ivgjgilnhyof the

adm nistering hot osensi ] oun
c phptosamdsizea nTﬂhes uig]e qerend it yactﬂ/iteﬂnth@tphmgasanmmmt oanpound,

site, Wlthll ht | veband, which corres ds to
aR*SHE Pl SRR BB i ?Jﬁ%wzéeeprﬁ@t §XEFy Do PatgRioNo.
' '691*3& @Qerﬂylsaa%ﬁdﬂ@ate@iﬁeﬁth% Qﬁ‘@ts@ﬁl%@%tthé ekt %%Oﬁﬁgvescent
causing it to destroy t di seased tissue, see

emmﬁae subh 8s tlﬁ!ahgated—ﬂgmes@puﬁmopagmldstof the pmdnztl 1ywent10n
n the art that a fl uorescent

t
et et S BBe 368 prESrgEdGo gt Lecent
nanopaiehe iRsapf mbMBdPHLRSERE KnBWANFIO8kample, to shrink desired

tissues, see U.S. Patent No. 6,480,746, and for localized treatment of cutaneous
warts, see Arch. Dermatol, (Jul. 1992), vol. 128, p. 945-948, and to induce
macrophage apoptosis, see U.S., Patent No. 6,451,044, In these and related
applications heat therapy can be accomplished within a body or across the skin
by means of, for example, irradiation or illumination, such as ultraviolet

radiation, infrared radiation, microwave radiation, etc. One of ordinary skill in
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can be used in place of a photosensitizer conpound. 25
Heat therapy nethods are al so known, for exanple, to

WOZHH{MkI8desi red tissues, see U.S. Patent No.PCT/US2003/037793
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6, 480, 746, and for localized treatnent of cutaneous
warts, see Arch. Derni atol, (Jul. 1992), vol. 128, p.

945-948, and to indu rmcropha%e apopt osi 5 see U.
PARGH 0N IDG0RESIgH BT Lo PTEHES M ARIOT BPaligadily Fecognize how

a t
A L
irr adl athieqesont inbéniivhnibippoyidsucineted of tregwicot mmpnsmg

radi ation, jinfrare aﬁllatlon Cro e radi a .
e, Osanispigs g el yaki ¢ hsare-isRr o oA ged gy optionally
PGL4 e gZQ QﬁérQﬁ%ﬁ% 3agehh %ss%&iate‘an%h' hePRAREBLRN t8ffolhes cell
prese invehti on would readily recognize how to

adejettivdy demtaed with tlamgam@itﬁwssqe@t weepapblesind i ght
therapy o at thera ent..invention al so
provi dég@ ‘if ﬂ?ﬁ%ﬂies nrﬁyd&% ﬁ Pt i8Png:  contacting

a cel | Metdmdmt h&ﬁ&l@diufdtiéﬁfo%l@eeéﬂnti&ﬁﬂg RaFtellGk €he amount and
optionally 5 having a therapeutic agent associ ated

withér dubasionanb pmdhmt@r& can gleperdnoa, der Iexamplee dhe idagpostic or
SR B0 MR b SRS TLE SRk ARBRRE o o

t idiRasclin@ata WP eBhdians thbdelebrabl an effect therapoanicagdent) ®radih.
wel | as the anopunt and _the duration_of jrradiating

C élﬂae@@@mg aph the draanapihe, conkstias aphasidiaing canleéso depend
PASHLBS0 BN R B0 e
CQﬁl@bﬁ iniyte tdad tHe hilaleemi"}fthefcelalﬁomtftéeﬁubntt hehagseutvinbe or in vitro

agent, or both unt and, the durati.gon of
cdvhoA%tcplﬂfg p&ﬁaeabeli@g P @Wﬂ&ﬁé&eg%pﬁﬁa‘iw%wifs pnd like

relative concentration
[ gg@kﬁraﬁtﬁﬁ

uorescent nanoparticle to the target
anal yt elhedipdtetifbnostsatie nehopaniiolesdil thé pres¢nt eateontion alss bete

oo Bk B A% SOk, S PR B

cehly ﬁ%%&@ﬁt@tlh Qﬁﬁﬁczﬂ%ﬁ prb@adegdn I &% ‘é@ﬁﬁlple treatment
nanopartl cles of the present 1 nven |0n al so ’have

apptircarndherapiat sighas tiug deliveryde spessfagpdly tagetrndshrink

meliﬂstgozt ?X%hgtyga&@”géaggt%qwegﬁg gx}tg ggzcﬁﬁp}gwatlons

t r eat nerte idbentief ipfRedandit ﬂ'cb@&s’holhﬁﬁe d&banad aflabfyte, the kit
delivery to specifically target and shrink tunmors or

t cronupeistrigfayligaing- f&l@p@ﬁcamtelanmaéwmﬂ&slha?@@tﬂdéler%d | i ke
appl | Ctaltéalcc-: kil eﬁltlg%lglso pPLovi {1@5 a 1{3{ g\éeﬁ%gff’r%gaanlﬁgﬁ%%?os In#éa S

t he de ana
i sﬂﬁﬁ@c&zﬁp@éﬁ%%sﬁ%@@tddk@&c&escaﬁt iahbpeaticlatf@dietecting

h%l%c—? !:e?li surface component, and optionally a recorder for monitoring the cell
surface component.
The aforementioned kits include packaging of the kit component(s) and
instructions for use of the kit.
The invention also provides an assay method for detecting motion or a
change in the location of a cellular component in, or on the surface of, a cell

when the cell is treated with a therapeutic agent comprising:
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The invention also provides a kit for detecting and
monitoring a cell 25 surface conponent conprising a

WOPHAO6EHI f | uor escent nanoparticle for detecti PQT/USIE3/037793
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cell surface conponent, and optionally a recorder for
nmonitoring the cell surface conponent. The

aforenenti oned kits include packaging of the kit
conponeffffagring i cell ngtth e tiegad-fipoiesensie nghopandeli whedn the
The, i [ o.p ' S e d for ]

o SePERk BT PIRGRER, AT TRY oIEL 467 st Grorescent
cehdrobaticeaopesiubr ¢dmpdknand he surface of, a cell

when the cell is treated with a therapeutic agent

conpr i sIRFIE G FEE38E: Pl /A8dp003 e T AGgre fluorescent
CORLAGKA Bllenififls! miMdidhiR hoBal cﬁ*da'd‘hlaﬁlger INISLY %%téosn of a targeted

nanoparticle, erei n the nanoparticfe inc
t hesdllappe vbinpoaagpént , to bind the |igated-fluorescent

nanopar,tl%icl e.to a cellular, cogponent; and recordin

the f1ubtedeBM OSTgHEPidhe BLOTPIcER lofe thof sr aalyte bound
f 1ok e36RA Tuoresb Q! n;an@é‘a%i&@,t 1810384 eﬁgﬁftfvg %tf A %%&1 ég correlated
he | a gete

not’1 on or a change In ocatilon o ar
c eloltiw moticw mpweeement TH éhentotund anaytenock e atceldilat dednponent.

fl t loci. that i | yte bound . b ,
i gat edt 17 tPEE RaAGpats BoBod Pt « BBk destion! o

angleRR chRps Rk ehatRtide! Pr REnIRL bAdnoMy IR @it
t he bound Ia)mal yte, suct(w3 aé a c}gl% u}ﬁarn c%npgﬁlglgt% p%tmg the

Thiscadehpositotfod! figrtedéuerssianty namypiaviclor Thectsamgmetind can
th cation of. a .cellul comonent .can i.ncl ude, for
et FeBRe Srecfp i i e R BY e FaebiOf i of
pake bhBns bofind ligat@dubleshesfRphirtiBRNAMY frefdnBe addfbsence of
assaé}erret hod can farther conprise determ ning the

di the Bieeameutioatont dor LrEinin atandempn ¢enoitexprimerial design.

anal yt L: SENIe nanoparticle in th

pr esenglggg{r?gg %Abrggl%%:gﬂge}la%sgli%ﬁgdgﬁe&%p%& ‘ilogesacﬁ%tﬁﬁm?%ﬁdes’
exaudphahodsrofaist afitterpraencionéttoh ax Perkaei &r Seshi) labeled
The nanoparticles materials, such as the

| i 53RV SERS TS EREHE PIodHep arade dhaeliomalvy apsatyingdhe pfesense of
of, t e i.0 e _as, f | e

oy LS BRI UERLLOD, S93a 0 RO S0 1SR
t Hihedbeasion of the @dsayipogerthan pe dstected and detarngiabd, for example,

| IRBEL S o sLAY betviso TIRE [ blatiop BRoRhechehfite, in o
ComEBIICOSEL I LS LRI QR Sy e
ceell-freps gheirorinmerd.  pEherebgrittd-Hedesehl | nanopatiflex etntains an
C%lsslo’cia?nard l\f\fégnla & l?g%lctgri, gt'l(‘!hyaspéjnr égtib%gy,cxgkilch %1?&1 poa?“t?c% teilrgetg or
associates with a specific cell component of interest. The ligated-fluorescent
nanoparticle also contains a fluorescent label or fluorescent component in the
nanoparticle core, which fluorescent component marks or reports on the presence
of the target cell component when the nanoparticle and the target cell component
are associated and appropriately illuminated or irradiated.
The invention also provides methods for treating a disease by

administration of an effective amount of a linked fluorescent nanoparticles. The

methods may invelve administration of a linked fluorescent nanoparticles as
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cell-free environnment. The |igated-fl uorescent
nanoparticle contains an associated |igand or

WORPHAPHBT such as an anti body, which nanopar t PET/&S2003/037793
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targets or 25 associates with a specific cell

conponent of interest. The |igated-fluorescent
nanoparticle also contains a fluorescent |abel or

f [dgenribsd darein ehgpenisrit Phiapmadeatical gpropedtions loe i earebinefiircwith
fl uorescent ..co nent, _mar ks..or reports on the presence
o R iy AR S B R B nopar t ol o and

t he t arggetineghion aREPERLNs mahedsas $etaat 6t dndtiveness of a
_aﬁgéopri ately illum nated or irradiated. 30 The

[

ARTUSA 286 By PIGinedbe hempralisagest tora Buarpsegnianagppatisle.
A et dind . T .
15T SREar e Rl s A e RE RIS RIRs d O o
adeiusedto @bdodate dferapeliiin ketts th horese drtthaapaprrdfiickas; of
as. 17 WD 2004/ 063387 PCT/ US2Q03/ 037793 descri bed .
hdhetharapgytgmgent - psraioreé a dluptessent Brepaiticlovith gligapd to

coghh Bahian D\FAIIi%Qted-‘ﬁula%sc&R 8k %chh&is%%%?ﬁgﬁl}%{cg%mplished in

phar maceut | cal “conpositions. The inv
prawd ddsrenirkagaplepligandraeasetstahé ceddibedd caarbesaragilla

t herapeuti c agent by, |inki. the therapeut.ic ent. to
2 CPTSihase ERe *ﬁaﬁ&ﬁ%@ﬂ %ﬁlﬁ’églgswwe'ln@ Rigbretibn SRy,

NaRARALd Gk eRkaD fuhbaliBeeubibal \ﬁ@f@@l@f&%b&%aéeﬁ?ﬁew
may al’'so be used to associate therapeutic agents to

i meefembly tchemphdedpeutiioc ef fi ci ency of the

t herapeyti c_agent. nj ugation of a fl uorescent :
nanopar teCPET LAY TP GHRGED LB ara NARPREBGSS gpd ligsted-
| ifgRtadedt MRbESEERt theABePAd eliRds SoPKefietdbly, for example,
acconplished in vitro where, for exanple, |igand

ansuning-lalingo rigbtacbnier cgpe dndtiaamepasidings.] Glizgnesties) | ed cell

A T A

naweRameisabcothihps &f tdenanetbddogdeenid dsslludfeideicadhy
acconplished in vitro. The present invention provides

f 1 uor esiGeniressih dpEntipe ey idesdligatghhegescenty prwpagistes which
] ' , t L. '
PO PSS S0l 48U B0l WIRRErSE o o

r ebegitiat nehbiptiomeidar@alysid] aghasy the sieteotior ef biokayidal agalytes
The net hods of the present jnvention provide
adUAVEIRE SUCKRAIIERNISIBY 8F 8 herl B coRpRIsNS dhe ligaigp- fluorescent

”%%H Q91 83 Y é(f’els Ilﬁ hlt 23{3{ ARG &N of Tﬁ&or@&%ﬁﬁe gr‘isaterial

i nvention prov | uorescent nanopartic
whiecduse af thehilgg targht sglectsicht @, afmdy, ané baswbe bf tikeorenhanced

e anﬁl e, in iry%)dpved met hods for ‘%O c]gerglca_l and E
biPHERIH LSRR PO WIS IRARSGe0t Rapfis e { i et Pt material is
b'p?és@ﬂﬂ GRbu MDA Mie%n'o?&tjtilz‘fé' e Th& 1@t YUY 3B sfface coating
sub-cel [ ul a conponents. The |igated-fludrescent

maferial as in many conventional materials.

A "therapeutic agent” 1s a substance that may be used in the diagnosis,
cure, mitigation, treatment, or prevention of disease in a human or another
amimal. Such therapeutic agents include substances recognized in the official

United States Pharmacopeia, official Homeopathic Pharmacopeia of the United

States, official National Formulary, or any supplement thereof.
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nanoparticle can provide high |ocal concentrations of
fluorescent material because of their high target
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bri ght ness conpared to known fl uorescent particles.

The fluorescent material is 25 present throughout the

nanoparticle core and not sinply as a surface coating

mat er i Ahepentc 1Al thy o ke inspriorsied withdheflugyescent
5'31?6}%&‘?&% & 198 ge{ted—hﬁoﬁs&ﬂp?&%ﬁgfficfeg %% tm%{v&ﬁoiﬁﬁ&l&n

t he di agnosi s, ure, mtigation, treatnent, oOr

pmevieodden nodledbi deemags, oligopeptiges, @olypepddve) COXN? iibitors,

Such therapeutic agents include substances recognized
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of.f4,Ci ' . i -Uni -

e A R e
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f OB CEROSFRMSIL, PRCPRSCEP i e arn Gt APy Sesdtent
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nucl eosi'de” anal ogs, ol i gopeptides, polypeptides, COX-2

i digals, entsneopipoips, seidiopoisninteargsntscardiavasciianggents, anti-

” i_nal di,| .5 g
Lo shagtn erif paYEH et Raa R istaress iohibiierse)
oleairdctp BB Shan R HeBE Ml EonRBE BloStile AFERARRIOSeBts, fertility

agents, para- syrgjgat hol'ytics, para-synpathonetitcs,
aBeents, gaesupiestings aggntso goddglsarai nsmopssy shiot-henagideibise

Ry A R RR A PERR e P R, £

agthvulfantgahts diaBetd adRBRPAABT bR agéte iaffifteStdsVotion
agents, cardi ovascul ar agents, anti 10 thronboti cs,

c SITERES apaiy dutscloylasants CmaritBDICEN e, PRgsineragerls, non-
I 1] P or .
AL O8O SR O ATSORAGs BERbLeys. o
agempatholytisd (sed PliestiamaDedgRakfncg 33th apeamos, Medical
h%{ﬁrmne_s, i nununqQnodul at 0{5 suitably finctionalized
avaPHERice SOBP A% ABT-al 0BV alco BlaY Jarrebtneges 2420t i -
convul $aBkSjes _%?%ﬁe‘cﬁlc%ﬁ%b&ti@%%@ﬁ@ thaPPid bd Ji LAt fi%ated, or
agents, anti-infectives, notion 15 sickness agents,
maserietadel itk tfmordseant naspappiasil esinveitpnairandomgestt S,

nQn-. st.eroi dal] antj i nfl anmat or rugs ( NSAI.Ds),
RSl e o AT RO e
Pby:shicidafl); ofpato:RRIne ERARE Y BRE Me@biilin: 280 dmidMedb&@lycin;
Econom cs Corrpany, Inc., Mdntvale, New Jersey, "pages
2banapozin(s EXampkes fufimipeE);fdectathen@hamdosuldgersotstiiate;

Ny

f isepmiRts; josamycin; kanamycin(s); bacitracin; bambermyecin(s); biapenem;

brodimoprim; butirosin; capreomycin; carbenicillin; carbomyein; carumonam;
cefadroxil; cefamandole; cefatrizine; cefbuperazone; cefchiding cefdinir;
cefditoren; cefepime; cefetamet; cefixime; cefimenoxime; cefminox; cladribine;
apalcillin; apicycline; apramycin; arbekacin; aspoxicillin; azidamfenicol;
aztreonam,; cefodizime; cefonicid; cefoperazone; ceforanide; cefotaxime;
cefotetan; cefotiam; cefozopran; cefpimizole; cefpiramide; cefpirome; cefprozil;

cefroxadine; cefteram; ceftibuten; cefuzonam; cephalexin; cephaloglycin;
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fortimcin(s); gentam cin(s); glucosulfone
sol asul fone; gramcidin S; gramcidin(s);

WO@P{?#%IHSESxam n; guamecycline; hetacillin; isePaRUSU3/037793
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j osamyci n; kananyci n(s); flonoxef; fortimcin(s);
gent am ci n(s) gl ucosul fone sol asul fone; gram cidin

g}a m cidi n(s); grepafl oxacin; guanecycli ne;
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25 Lists of additional therapeutic agents can be found, for example, in:

Physicians’ Desk Reference, 55th ed., 2001, Medical Econorniics Company, Inc.,

Montvale, New Jersey; USPN Dictionary of USAN and International Drug

Names, 2000, The United States Pharmacopeial Convention, Inc., Rockville,

Maryland; and The Merck Index, 12th ed., 1996, Merck & Co., Inc., Whitehouse
30 Station, New Jersey.
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fluorescent nanoparticle, can he fornulated into
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> g? ffrﬁ qg.\tielgegc?] 1;01 %&P@gk@l %O Etéagloa (SF &n,g)hn%le%gr% _%oerl e?c%%&e, bolus
injection or continuous infuision) and may be presented in unit dosage form in
ampules, pre-filled syringes, small volume infusion containers or multi-dose
containers with an added preservative. The pharmaceutical compositions may
take such forms as suspensions, solutions, or emulsions in oily or aqueous
vehicles, and may contain formulatory agents such as suspending, stabilizing
and/or dispersing agents. Alternatively, the pharmaceutical compositions of the

invention may be in powder form, obtained by aseptic isolation of sterile solid or




Oral liquid pharmaceutical conpositions may be in the
formof, for exanple, aqueous or oily suspensions,

WO 2YH{96438hs, enul sions, syrups or elixirs, or PGEHYSHE3/037793

10

15

20

25

30

presented as a dry product for constitution with water

or other suitable 20 vehicle before use. Such liquid
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delivered via ionophoresis Y di sclosed In U S.

Paen bpedministared a3 dwps, gﬁlsc{gscmg et he U4$ 01, N 2, 256541 5),

R N T A TR Th——

suedRrad. SORREGes, TXPEL. 8iong,387 BhakmeEeM. Hdlad ot al.,, U.S.
Pat. No. 3,870,791).

When desired, the above-described pharmaceutical compositions can be
adapted to give sustained release of a therapeutic compound employed, e.g., by
combination with certain hydrophilic polymer matrices, e.g., comprising natural
gels, synthetic polymer gels or mixtures thereof.

Pharmaceutical compositions suitable for rectal administration wherein

the carrier is a solid are most preferably presented as unit dose suppositories.
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conposition of the invention in a flavored base,
usual | y sucrose and acadia or tragacanth; pastilles
é%ng t he pharmaceutical conposition i nPEAUIAREYR37793
base such as gelatin and glycerin or sucrose and
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an e therapeutic agent, such carriers are well
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For infra-nasal administration, the pharmaceutical compositions of the

invention may be administered via a liquid spray, such as via a plastic bottle
atomizer. Typical of these are the Mistometer™ (isoproterenol inhaler -Wintrop)
and the Medihaler® {(isoproterenol inhaler - Riker).
Pharmaceutical compositions of the invention may also contain other
adjuvants such as flavorings, colorings, anti-microbial agents, or preservatives.
It will be further appreciated that the amount of the pharmaceutical
compositions required for use in treatment will vary not only with the particular

salt selected but also with the route of administration, the nature of the condition

24




amount. Alternatively, for adm nistration by
i nhal ation or insufflation, the pharmaceutical

WORHHI8EBT i ons of the invention nmay take the fBERUSI0H037793

10

15

25

30

dry powder conposition, for exanple, a powder m x of
t he pharmaceuti cal conpositi on and 20 a suitable
powder base such as | actose or starch. The powder
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upon a vari variables related to
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PraBudpetd d flidd, ¥ eddnipid RodyReR etiefhesulfonate, acetate, citrate,

malonate, tartarate, succinate, benzoate, ascorbate, a-ketoglutarate, and o-

glycerophosphate. Suitable inorganic salts may also be formed, including
hydrochloride, sulfate, nitrate, bicarbonate, and carbonate salts. Acceptable salts
may be obtained using standard procedures known in the art, for example by
reacting a sufficiently basic conpound such as an amine with a suitable acid

affording a diagnostically acceptable anion. Alkali metal (e.g., sodium,

25




15 concentrations of a therapeutic agent, or

alternatively, a sustained release of a therapeutic
woageNme3Bver an extended tinme period. "Phar nacOT/iUS208437793
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acllthsagtthict ireveptad tlﬁclft@a‘ maduslist hocasiriy wWhieptord, 06.9), ath?ﬁ)xme

accept abl e ion, for exanple, tosylate,
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[ nmo@an]es) sad the likey (A) swldoelet demed | cnmmn hud unigrown protems on
hydr och sul f at nitrat onat. e,
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Usjithes hamdar dphipesdyr es known in the art, for
exanple by 30 reacting a sufficiently basic conmpound

such as “Raptens nen wctddeaaatstmilyabzlcenmglmnnamefsondum@yaccuning

R e LT g U e
0 r cﬂe‘lﬁdk'iﬂé@) cy@dkifdsK BinighekiRsd, ahin®idds, 08 g&h epﬁéésc EhiRlical

salts of carboxyllc aci ds can al so be nade.
15 %@@W@Waﬂe&u @Céﬁ@ydm@h@mmb@ud@r abilrp diliad The use for such

ositi,on ¢ abe [ eco n|2|
P oTRRR O Baf BRAPAE Rlori b PSRN LOBLE sftradlt aBBiee
5 spatibralg, asdihneltad, doheanit@dhy &R tﬁﬁlslﬂaﬁfﬁﬂlﬁﬁpthﬁosels e.
epi topic or determnant site. Illustrative receptors

| NRICERAECH &2 Bs BEGyorabharieiontpteing dpicstian ofedigpase, eify pasdaterdns,
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various proteins found on

20 t he sur flageumekogepdts” el miskarle Girn@t iy exiasioheail botwodiffetant
les), and the like | ecul es denote known

I
gﬁ@%ﬁ@ﬁ%ﬁhﬂ%@f SPHE A gi’élbf’%fén})%f&?# ceflppresgpizpapaparticle,
Ce%ﬂ(f’a sefc q @g&angbﬁ%ﬁ S0 Iﬁp&&tﬁyg imﬁrshﬁ?ﬁé Ly

I nes tes. tens l'ud
natugrak Idyu gmohcmlenegl aljmmrmirtbsan emdynreah koyximacproreimgnd like

o FaEtsh s rebf efg{l%% Ping iRz to Remahgrhingse. The
25 gyﬁe}ﬁ] bgg? B8&rtioh YITRAS K} Pes BELARLAE 'ﬂ‘%resé@n‘t HARORIRES the
target analyte enabling the fluorescent nanoparticle to efficiently produce a
biological or marking effect. Pathogens of interest can be, for example, viruses
such as Herpesviruses, Poxviruses, Togaviruses, Orthomyxoviruses,
Paramyxoviruses, Rhabdoviruses, Coronaviruses, Arenaviruses, and
30 Retroviruses. Pathogens also include prions and bacteria including but not

limited to Escherichia coli, Pseudomonas aeruginosa, Enterobacter cloacae,

Staphylococcus aureus, Enterococcus faecalis, Klebsiella pneumoniae,
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15 internedi ates, nucleotides, oligonucleotides, and
the like. The use for such conpounds naybe in the
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noni toring, health status, donor matching for
transpl antati on purposes, pregnancy (e.g., hCG or
ha-fetoprotein), detection of disease, e.g.
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2004is 06338 6reRE Dhlva0sthQ3d 196 of B8 $RN Btk Mati YOI (Y Edrbile
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St o Pr ot eus ari s

e R AR s R MR AT L AR Sl B S s

di s&?@?@@w carn prb@udiiounet. Th@lsteX @@cﬁb@, alddinkhude foaketion
No. 795, 158. 5 Assays using nanoparticles of the

i rﬁ}%%slséﬁl s e belpgicalyeatior qrdoed fopmentatorepiocess gigh as
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eruptiqQns | isters, abs se and, extracts of
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may contain the anal yte of Interest.

S mw:deawms@ﬁlonnéﬁﬁh@iﬁdhr dgedimgla nucleic acid with one 01 more
nanoparticle having oligonucleotides attached thereto, including an
electrochemical assay with a probe oligonucleotide having attached a redox-
active molecule, for example as in U.S, Patent No. 6,417,340, to Mirkin, et al,
can be adapted to the present invention. Methods for electrochemical detection

and localization of genetic point mutations and other base-stacking perturbations

within oligonucleotide duplexes adsorbed onto electrodes, such as U.S. Patent
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or tissue culture or culture broth are also of
interest. Alternatively, the sanple 15 can be obtai ned
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air; or froman industrial source such as taken from
a wast e stream a water source, a supply line, or a
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| ocal i zati dn o etl C nt nmut at1 ons and ot her

b as e- stie kher;glrpf@m of thatpr emaast mwntzbn thealangparticlcaofucdescent
Iexes agﬁgrbed nto ele tr such as, U.S. Patent
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i nvention. Methods for mnultipl exed fl uorescent

aﬁ@nwﬂsclafzt shopldurravide p fbbrespalt yiges! rehted to ﬁmmntemcs af h

a t ent et

o anatyin T8 Bl e BnER AR o Rl o e Bipofigictio g
nEﬁdI@i@lﬁa ipAeilcUdey us radghtishtif 816 Q24 ARdviIBILW i ilfBred range.
spectroscopy, see for exan‘pl e X Gong and E. S. Yerng,

Anal . CRgfehal” on ‘opfiggally roem) that tixnsullsepieptly described event or
%Bﬁ Ebl? ﬁlﬁ?%@f ﬁ)&%lgmft 850&%8'&%: i engetsé%a 'bolﬁién%}r/\g%%}nstances

El ec a ‘Linear

Wﬂm&efeomt e p@tc&[ﬁ.@m@ccﬁfﬁ dnd indtgicBYindwhicBW doBs askdFor
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aﬁzsﬁmelét i woptllpinciigigge ricens Batide pamedromponent Mgy &e
P&@ntq:fut % BQ gléeggﬁl i gg&%héﬁ&f‘ Infcﬁllzﬁ%@maféagﬂgso\yhele the

tent No orows
adapié domporteheispneadst andl situgtitns rherdviht he@sd temponent is not
G@‘i%ﬁ{ng particles bound to each other via non-
s bi ndi ng and aggl orrer ation, such as U.S.

Pat ent iNg teths 2R 1RHL#, “fbOexample”, “such as”, and the like are used

illustratively and are not intended to limit the present invention.
The indefinite articles "a" and “an" mean "at least one” or “one or niore”
when used in this application, including the claims, unless specifically indicated

otherwise,
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Masson et al., can be adapted to the present
i nvention. For the purposes of the present invention
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provide a signal related to the presence of analyte in
the sanple. Simlarly, when a ligand is selected,

whi ch includes a fluorescent nanoparticle, it should
provi de- % follQipmng geusipl mptgads wers|capdeyeddn prepapingahce
of i . i S . .
Ay SRR oS o Tl e R o MR o R Emiion
as radiation in the ultra-violet, visible or infrared
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et anceg e and APl s O PR Rl Rofes of
i nist mmemsn ane phivelediat fidtes embbdinteats of éxainpéretion and are

"optionally, i di ng" ans, that, the naned onent
e ivdie Fiotne Host Aoy DB ph LEGHPTZha! REsaon:
desdEdPhicQB gi RE HE8S obhiiad iRBFiewher e the 25 naned

conponent is included and situations where the naned
conponénempgdinesnts, & lgpigdestt natopattisters the mybunithe'can'beor

ex le". "such as'. and the |.ike are used
R B s P e s i i e itine. wiacs.
presand flteehi @Rteridh Sudhndef dyai(De add L t&k8Stivadreaaitlsilane
"an" mean "at |east one" or "one or nore" 30 when
uSeRPPHd Hick ag pgtoratdrsamno-funetiangl sitrne kemppEridnid)S) im fegsa

S L L i.ndk ¢ . Qtherwi se. 28 WD 2004/ 063387
O Er ot e L S G R o)
enpthoyglicd forpingpanipogndRdcienad (FOTO), fRReRal dilicd 881 on the
and conj ugat es or adducts, of the present invention.
PERSAYHER Brpduet ixp dypreseeshpanepatist 3-O8¢Si®)pr ocesses
and in i ' r .
anoparty oyt el R PR SR B HREASERHRngroral 0) and
f ;tl'ltddmaleaﬁhigaﬂigmhmﬂmfmftl)mﬂﬁ@ﬂdr(%mbmgbb, atﬁlde_xafr%ae_, frr(])m ahbout
il lustrate e follow ng procedures in which the
néalntmég%]fi 1?@1 o henelr e Yalgh HIokipe Hgeregiopberranpidsl
orHasyy | 186, ¥ f NE.
oy BT ERE bRt oSO (TR, Fenfbpt s B2 G o
erbagllel, torabritng1@).r eacti ve fl uorescent conpound, such
as, a eactive. fluarescent material, ,such as a dye
() andbE Sinpisieicd arorige MO pRiarren o8 foeer S ke,
2cHING WA bOMIANANA hHA GhAI PRy, FirleRNBpIE %%&e%(c@%éap
forma fluorescent core particle (D-0s); and m xi ng

t heupliag eactings sioh @s parbodiohisle cowgBle. Other coupling methods

include use of carboxylates, esters, alcohols, carbamides, aldehydes, amines,

sulfur oxides, nitrogen oxides, or halides, and other methods known in the art
can be used. Coupling a fluorescent nanoparticle to a ligand, or a ligated-
fluorescent nanoparticle to an analyte, and like combinations, can generally be
accomplished by applying the procedures and principles disclosed in U.S. Patent
No. 6,268,222, or other procedures known in the art as applied to the present
invention.

In embodiments, linked-fluorescent nanoparticle, such as a surface

modified fluorescent nanoparticle of the invention can be prepared, for example,
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vvith a silica form ng conpound, such as a (Si(OR4),
forma silica shell on the 15 core which product is

WO&"W"@WEscent nanoparticle (D-0S)(Si Q). ThePeHlU&H003/037793
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equi valent ratio of the reactive fluorescent nmateri al
(D) and the co-reactive organo-silane conmpound (OS)
can be, faor exanple, fromabout 1:1 to about 1:100.
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i nvention can be prepared, for exanple, 29 WO
2004/ 063387 PCT/ US2003/ 037793 from a pre-forned

f I uguesaERAl Gr@Pant I ClFantlisgi Exeaptomanpparti cle
OB) ( SiifRdd fPfoaxb)i gat %lnﬁmeaﬁrsal p&;og%ﬁ ?gég{;i‘% n

compound (of fornul , ion
| i nker precursor (of for rrul a ZI'-L- ZZ), /\,her éﬁlhmxicenkz
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As will be clear to one skilled in the art, suitable protecting groups can be
used during the ligation reaction. For example, other functional groups present
in the biologically active compound, on the nanoparticle surface, or the linker
precursor can be partially or completely protected during ligation, and the
protecting groups can subsequently be removed to provide the ligated-

fluorescent nanoparticles of the invention. Suitable protecting groups and
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Functional Group On Functional Goup On Resulting
Li nka%g in ligand (XI or X2) Linker Precursor (Zl or

Ester -COOH -NHR Amide -COOH -SH Thi oester -OH
-COOH Ester -SH -COOH Thi oester -NHR -COCOH Am de
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( s@hddefor LY LoaFRGNE acids, Whd fONfréparile et linkages,

"Protecting Groups In Organic Synthesis”™ secon

edhipgstm linkeges, aneamivo HRicazgo re vy inghs ardsecifacexpmple,
A‘BJ%;'W";AC%{? %rl Xﬂic \@?1%]1 ?} Caf{egglx 34'.! Mgc}?a%lis(;jnsl cﬁm’r ;S%%%}zsg 4% ‘é& a
hydr oxy " gr gup, A7 ey capf 0 ‘group, or an am né& group
t Geipy Dlrele Jetih Bilee & Bomkpges 41 hi4erahen2¢i)nkage, or an

am de linkage, the carboxylic acid can_be activated. .
prior téesheaphadbyiiane of the pangpapinies cappe flatha mashliekif

t . I i i | i G . .

L ORGP ERDED0, QLo ARG o TR o IAOHR oL
| linkiagegents tdhaftied tsenfadel fnkcagesl, gravysh i ad €l lksimicd desin.ar e

known in_ the art ee for_ example, 10 Advanced Organi c
cherrdiigue ReREEFS OB EREI éwﬁ;ﬁan@pwghﬁ?@ e :
igg{ﬁ@&%@& i hORY W b ¥ arf @%M@gﬁ@ﬁqﬁ%@ﬂﬁk@ﬂ

e Silica shell surface the nanopartlcfes

c aerybanifie railhé ethersd sdgaesd perftides SN Adthgnyentst or otbialmpive,

S %qgc?lgr?aifyuer&%wa?e% laéezn st. iI? 1 rtraaed?l%fteiv?c{]e%t %Josci)n%%khfégvi@ the ant that
many cross-linking agents can be used in combination with, or suitable for use as
the ligand in forming ligated-fluorescent nanoparticles of present invention. It is
readily evident to one skilled in the art in possession of the present invention that
cross-linking agents can be used in surface modifying reactions to modify the
surface properties of fluorescent nanoparticles, or ligated-fluorescent

nanoparticles, and as illustrated herein.

Materials and Methods

All reagents were used as received without further purification and
distillation. The ammonia molarity was determined by titration with methyl blue
indicator before each synthesis. Glassware was cleaned by methods described in
literature and dried using a heat gun before the synthetic procedure. The volume

after mixing was ignored in the molarity calculations. The amount of 3-
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l'i nking agents to afford surface functional groups and
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25

Preparation of the Silica Shell on the Core (Fluorescent Seed) Particles

Generally

The silica shell coating and growth step was performed in the above mentioned

fluorescent seed particle reaction mixture with regular addition of solvent, such

30 as ethanol, methanol, or isopropanol, to prevent drastic changes in solution ionic
strength while the silica forming monomer tetracthoxysilane (TEOS) was added.
This prevents particle aggregation during synthesis, which can broaden the

particle size distribution.
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stirred with magnetic TEFLON(r) coated stir bars at
about 600 rpm De-ionized water and ammoni a sol ution
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reacti ve dye precursor in either ethanol or THE
cont ai ni ng about 425 mcronolar APTS, was added to
the reaction vessel. The resulting m xture was 20
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hydr odynam c radi us and bri ghtness of "each noi etgy,
sianghveis,Tihe 10 dijes naggpartiplehmep pppean sidalder doareths hgtilodynamic
Strﬁéﬁﬁé ure. 10 Figure 2A illustrates the FCS curve of
each noiety was fitted to a single diffusion

coef fi dignts 2B Mdisaates 1@ VARG (BS 1RESsNERQRISBRE! H8he
within the accuracy of the measurenent.” TRITC has a

diSPRE SEORUEB BPVEL | Hiangtlitedexl thegytpgnrralaticagreddenihe

W ; i 0..a_hydrodynam c.,
SEb Lt it HARALESReAR LETREITLA0. LR AN L PNRR 6o
2 Ahotasl callactiddrym thEhwticsiiyedefined focal volume. One can therefore

obtain the count rate per molecule for each diffusing species, which is a direct

measure of the brightness of a probe. The fluorescence of the core is actually
less than that of free TRITC, suggesting that the dense dye-rich core is heavily
quenched compared to the free dye. However, upon addition of an outer, dye-

free silica shell to the core, the fluorescence increases by a factor of 30.

Figure 3A-D illustrate the solvent accessibility and bleaching behavior of
the fluorescent nanoparticle synthesis intermediates. The solvent accessibility of

the core/shell particles is shown in Fig. 3 A-C as a shift in the excitation and
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15 is only marginally larger than the free dye and has
a radius of 2.2 nm(Fig. 2A, green circles). After

WOINH{%338h of the silica shell, the radius of PEBUS2003/037793

i0

15

25

30

particle increases to 15 mm. Due to el ectron beam

radi ati on degradation during TEM analysis, the dry
silica nanoparticles may appear smaller than the
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Figures 4 C, D illustrate that very little peripheral staining was observed,
indicating mimimal non-specific interaction between the silica nanoparticles and
the cell surface.

Figure 5 compares the brightness of free dye, silica nanoparticles, and

quantum dots with a pealc fluorescence at 577 nm (counts/particle for silica
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15 protection affords increased photostability. Figure
4 A-Dillustrate the potential of these silica
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From absorbance measurements over the range of 250 to 650 nanometers
it was established that there are, for example, about 20 dye molecules per
nanoparticle. For example, sample R30 had about 23 TRITC dye molecules per
nanoparticle; and sample R29 had about 21 TRITC dye molecules per
nanoparticle. However, action cross section measurements, oz, (GM) over the
range of 700 to about 1,000 nm for two separate preparations of 25 nm particles
(samples R29 and R30) demonstrated that R30 was almost twice as bright as

R29 over the range and particularly at absorbance maxima at about 700 and
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15 versus tinme in nanoseconds (us) showed that a dye
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than free dyes in solution. Fluor esk
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responsi bl e for the enhanced quantum efficiency
observed. Thus, it is possible to further optim ze the
5 fluorescence propertiesEgdmphe? nanoparticles of the

sent jnvention, exa for use as
Ig’r‘?ﬁ?‘f{'@’r"g O?B‘éfeg’l’rcéﬁ‘ﬁ “PB?{R‘E]I]"& procedures such as
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di scl osed her ein. The invention wl now b
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darkness at room temperature.

5 mg of Alexa Fluor® 488 carboxylic acid, succinimidyl ester was
dissolved in THF. The molar ratio of 3-Aminopropyliriethoxysilane (APTS) to
Alexa Flour® 488 carboxylic acid, succinimidyl ester was 100 to 1, with 2 ml of
THF per mg of APTS. Following complete dissolution of Alexa Fluor® 488
carboxylic acid, succininiidyl ester in THF, APTS was added to the reaction
vessel and stirred for 12 hours in darkness at room temperature. Due to the
minute quantities, the fluorescent dye-core adducts were not isolated from the

reaction medium before the silica shell was deposited.
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silica coating of fluorescent nanoparti roce
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m xture containing fluorescent core particles
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dye-rich fluorescent core, such as 300 mcroliters in

1-PrOH = isopropanol; MeOH = methanol; EtOH = ethanol
Ammonia source for of 25 nm to 40 nm and 100 nm to 500 nm was 28%
ammonium hydroxide; the ammonia source for the sample nominal nanoparticle

sizes 50 nm and 70 nm was 2.0 M ammonia in methanol
10

Alternatively, to produce nanoparticles having a narrow particle size

range below about 70 nm, TEOS was added in small aliquots intermittently, to a
mixture containing the dye-rich fluorescent core, such as 300 microliters in
about 10 to 15 minute intervals, and stirred overnight at room temperature in

15 darkness. Molar ratio of de-ionized water to monomer was kept maintained at
about at least 6-fold but not more. To better monitor water content in the
reaction mixture, 2.0 M ammonia was used as the catalyst source, dissolved in
ethanol, methanol or isopropanol, depending on the primary solvent of the
synthesis, such as 2.0 M ammonia in ethanol, After the dye-rich core/seed

20 particle was prepared, tetraethyl orthosilicate monomer was added intermittently,
such as 300 microliters every 10 minutes to grow the siliceous shell. In contrast
to the larger particle procedure where monomer was added continuously via a
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Adsor ption Silica coated uor escent nanopar
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buf f ered sal t e
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nanoparticles by incubati ng Wi th for abou
heeiks ugation orertanpraraeles of sw qer@\mw er smiter thx anfpduad IgE

t. 1:1
e e R
unsepadiclgEeWast 0.250N %Ia@éé( Opa%i»‘dlésf df gt %choﬁ@rUnbound
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uFBotinek foghke 1@@?&&%@@%&@5@1&@ then gettlod ont ersuiipenaps ifin
Auh@Llod ¢ YIR: a‘?%oétgpfog‘e}%{r%ﬂe,t Wt overnight incubation at 4°C.

The residual pellet mass was confirmed to be primarily latex particles bound
with IgE and discarded. The resulting supernatant containing the IgE coupled-
nanoparticle (IgE ligated-fluorescent nanoparticle) was carefully separated and
placed in a vial. The resulting IgE coupled-nanoparticle samples (i.e. [gE
adsorbed onto nanoparticles) were stored at 4°C for cell binding experiments.

The IgE coupled nanoparticles were diluted in Tyrodes-BSA before cell binding.
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b lNafr@p@@cl‘ﬁdlface fhatigRdzatfoal ReceiliRk @resléifofv@%dgﬁé’&{@é for
can mai ntain_the nanoparticles as single particle 15

c SEPEP BararBedpuids; igftipe Bndgoilldstortedhhareini ze

nanopartl cl e aggl oneration. Nanoparticle surface
'I\%‘s%u nal i zati on procedures are known and i ncl ude,

fm—ex%npl e, carbodiimde nodification and as

| 13- asinbpicpgidnasl Rinoeiignk aABDMAL) (GGIBIS\;E Inc.); Béeﬁmctmnal

3-am nopr.opyl di net hyl et hoxysi | ane

h|CéO§s-hréim ﬁéage@h@mc@@@@emhﬁﬂd Metmeld@emacn(mmaélpate

Ng gn Inc.): Methyl N-succinimdyl adipate (MSA).
noparticle surface functionalization was

acconplished as follows. A 25 20 nlL suspensi on of

nanopamidngh@ficMisiiface fhaiRbRsatBh R ABBmARLEESEIHREY. A

! 30 mlL suspension of nanoparticles with a diameter of 25 nm, as described in
Table I, was used. The nanoparticle concentration was 4.33 mg/ml as
determined by fluorescence correlation spectroscopy, and by drying and
weighing known volumes of the suspension. Other nanoparticle sizes and
concentrations can be surface modified according to this procedure when
appropriately adapted in view of differences in particle size, surface area,
concentration, and like considerations.

Fluorescent nanoparticles having a silica shell were cleaned by dialysis

after their initial preparation described above. The conceniration of the silica
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ester group in the MSA, to afford carboxylic acid
gr _gupmarim:\]m@bm’aﬁmmlbnbhéfd‘mo the surface of the

oparticl.e. 20 Nanopartjc aracterization by FTIR
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vibration bands of the mono-substituted amide groups at 1500-1600 cm™

indicated the linkage between amine groups of the silane compound APDMES
and the succinimidyl ester groups of the MSA compound , as well as the
carboxylic acid signature at 1700 crn™. The observed spectroscopic changes
compared to the starting nanoparticles were indicative of successful surface

functionalization reactions.
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foups of the silane compound APDMVES BREHUSHE3/037793
succi ni m dyl ester groups of the MSA conpound , as
well as the carboxylic acid signature at 1700 cm 1.
The observed spectroscopi ¢ changes conpared to the
starting nanoparticles vwedEame Bat i ve of successful

su . .

2004 e R DR R AT E EOTRLRNEoniilafidn her sugfege
Li fjaciorligattupdkiamy)estzyn @euaiommisﬁ‘@ﬂj’}u@ﬁfhlbeﬁﬂccﬁijﬁ@ﬁon of
surface finctiaonalization exanples can_be .
TR OBy e B O QGRS o1 devprbish dgeent
nanoparticles with various bionol ecul es as descri bed
above. 5 Exanple 7 Cell Binding with IgE

Coupl ed- Fl uor escent Nanopdixtanglled Specificity binding

' t ' hilic. |eukem RBL) .nast
coP Pl b DL S CobRlndidiatet SaubpraN sege b
chisihagbekheirhass Mding Reathhitpharasntensh (RBE) hAsRRA S del
nano;)artl cles. Cells (e.qg. rat basophilic |eukem a

( RBEfehéaRonsapied ppeakiiebindmewhsmetgrisisis og ey fysstsedBiliva-
Th@as&?%étrf’opﬂﬁfo?e(s;u%% ) fggp Eaggﬁtoghi g:lee%n 1?2&}%#;15 mast lcf!ells) were

concentrati on

apipfregtddaisth g TIHYPER-EI T £EThs colWagert RerRAtAdd W EdtetbiBe the
coupl ed- nangparticles, for exanple, around 2x105 |IgE
c

aceHHiE R MINehE ot plls neeml). 6e apmopitiate nwwber afreells
i 2 | R it e |.zatlon,  The,resul ting.s
narapar G Tt bR LRGP 3, o ic Sl %0 e
nanopRdtianbestidesipe cel, Dehbsit 1Weteomks he avoll ity
Tyrodes- BSA, .and the cells were _viewed under a
c ORfEREAZ AT ¢ bRcBRe RS Ranopadicler lgEdionad pegls, to el earpled-

m ' t t .
% AR RS IO L IR St 00, B LIRS R
andevirbuabe hibodfpcdlghiciascopmifor gatcifictiinding 20 gr een

f1 uorophor o .show co-1ocalization of the anti body

with th Orffgwg,}}gprpﬁgqugmaw P, o exé%npﬁerﬂrﬁ&etep spgcEpt the

frems @88 kAR h&Med\Haf¥hRhc 1t 8nd Bl lantiB fl 1@Dbeled with a
alternative confocal vi ew where di ffusive ot ons of
t HEeantybopliore tcdotoroslocalinakienl obijic thigb ddyuatiegie emboparticles.

n a&?&ﬁ‘értsie{: éﬁ%a%gsr,] takf{%n ?r%?x{ tth(e) %Sl%tc}ﬁa?vi%\e;rdf tﬁgg glﬁ%%\?fte an
alternative confocal view where diffusive motions of the antibody receptors
marked by the fluorescent nanoparticles can be monitored via SPT. Appropriate
controls were performed to check for non-specific binding as follows. Control
cells were pre-sensitized overnight using IgE, so that all the receptor sites were
blocked. These blocked cells were then harvested in the same manner as above
using Trypsin-EDTA, labeled with same IgE coupled-nanoparticles per cell
concentration. These cells were then viewed under the confocal microscope for
any nonspecific binding (or sticking).

Referring to Figures 7A and 7B, there is illustrated an example of high
bio-molecular binding specificity of, for example, 100 or 300 nanometer

diameter fluorescent nanoparticles of the present invention (Fig 7A) compared to
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controls were perfornmed to check for non-specific
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nadHeisa iventios vaibly dieietess babwptnedd sid HWOoyaesierene | at ex
beads QBE?%ﬂ@PﬁA%B&?B5ﬁ%h§%£&§ | ess desirable or

undesire on-specifrt interacti ons (represented by

the ri GQEM’Sredﬁs C‘d mbh& IpBrwipet wH) bind Wpdtificallyab TekKidegptors
i nteractiqns, reater for polystyrene | atex

beddd %Phélé‘f ]Iegk% 3}3 magt QeYi& coupl ed- nanoparticl es
and  cel.bStolA

fluor esc(:;entO n nopart [ ﬁ@%ﬁ@“}hﬁh%ggﬁt ﬁilﬂ%&/cg;ﬁﬁ' leceptms

\MdmhwuhnmumnsthBMaem #& and 100 nanoneters. 10 In

Fi gur es, A%\‘z\‘)ﬂ %; t.he | ends "I gEr 11" refers t
mouse | GEONHi RAFHGERT fFlOBF nla Thiedht rt‘éa?qtvetbal%@f Igh Soupled-
r %@Pés@érﬁ nm%paﬁ%esb@ﬁp@énsl i diguwke %Yﬁalg/ﬁﬁ%e}x \méi beads with

ells; "control: TgEn7, refers to hu
neﬁﬂblnd to IgE receptors of the aforenentloned r at
cells; and 15 "control: particles alone" refers to the
respective bi ndi ng of 1gE coupl ed- fl uorescent

nanoparticles with cells,papggdpRigndi ng of pol ystyrene
| atex beads with cells. Exanple 8 20 Single Particle

TrSa%&lF wgrigdeTrading (¥PF) L&jnels éiemesmm upmptartmﬂeetrackmg

SRR PRSP oy B B PP M ARG oo
f Istiptentein fluspoten( Gt (@sROPHIINGE HhQ sBngdé f&leﬁof E@Lﬁ]ﬁtlﬁ[tmle)

bound particle) for about 20-30 mnutes to track

diterabebg-36 mpues edepsk e didugipn ehthetiecepiargp evhich the smcle

particle was bound. Alternatively, a plurality of selected single bright
fluorescent spots could be tracked.

Single particle tracking evaluates lateral diffusion of individual
components on cell surfaces. This method is based on direct observation of
bright fluorescent probes that are specifically conjugated to macromolecules of
interest. Tracking of individual components reveals a variety of interesting and
useful behaviors including confinement to a small region or movement along a
track. This information enables an understanding of how components interact

within cells, on cell membranes and like structures or components. However,
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Single particle tracking eval uates
di ffusion of individual conponents on cell surfaces.
This method is based on direct observation of bright
fluoregcent probes that are specifically conjugated to
s BRBPacuea DR bp P Uiy iﬁﬂf‘gplﬁg?ﬁ- it Figndiant
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R L

or exanple, Exanples | and 2, and in
accord with the general core preparative procedure
above. 15 porous Shell A surface substantive
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containing fluorescent seed core nhanopartic
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HDTB from the nanoparticle provides fluorescent nanoparticles having a

mesoporous silica shell.

Cleaning Procedure

After about 5 hours of reaction with TEOS, a solid was recovered from three
centrifugation washes at 6,000 rpm. At each centrifugation step the supernatant
was refreshed with absolute ethanol. Two washes by filtration in de-ionized
water followed the centrifugation procedure. The centrifugation and filtration

steps removed approximately 90% of the HDTB surfactant. The recovered
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wi th absolute ethanol. Two washes by filtration in
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aﬁ§ﬁ6P8 ﬁ%@B{Q%%3 6 ﬁE%?gsgﬁﬁP#éﬁﬂﬂﬁﬂB@§atPgmever

it showid Jhelithidas, Sf):ﬁ@x‘i{%t B pﬁﬁﬁb’ do¥@hbiRl 'a@@%né’&ﬂorated by

nmodi fications may be made while remaining wthin the
spélerenceritgrein, as’ though individually incorporated by reference. The

ﬁ

invention has been described with reference to various specific and preferred
embodiments and techniques. However, it should be understood that many
variations and modifications may be made while remaining within the spirit and
scope of the invention.

Figure 8A illustrates that both the red core and green dye are
immobilized inside the pores of the nanoparticles at 488 nm. FIG SA further
illustrates a mesoporous particle with a red core entrapped with some green dyes
inside the porosity, yields two fluorescent signals from the particles. When a

particle is excited at 488nm, which is the absorption maximum for the green dye,
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run, tHegrred®Ecidinstratss the ijﬂthctsmnim{(li\/t 8l rivobiigethichee of a
nanoparticle ure.8B i.ll rates. the synthesis of
e g b/ ity N RS Vst b S o cffewtotdeol t
N- Hﬁﬁaﬁméhw 4 BRER M%re’i&n@él{é'nﬂﬁhé%aﬁéﬁﬁh@ Qzent REaIRY @ELE0LI
to 10 inmmobilize either a green dye or a
cHeemst her apeuti c agent is also described there.

nanopar et &k M@ &Rk by PR AGHTRE B il e

Wal28o rREeedvitibue P lcordlivedre e ABBELdliA c3ORMmibRidined to 30nm
sections and placed on a copper grid. The I mge was

t diierseptiong apgplagedon 3 sopmse gE(d- fThe tréa&edwasgn!relml gD 922

I t

gt SRR r S 28 L el Rnihu R da00n X
masapfiesioar €he betdebiconiisidis @rderdbmWipbrdssretaimedsibss.
} 1. A fluorescent nanoparticle conprising: a core
conprising a fluorescent dye incorporated into an
organo-silane conpound; and a nesoporous silica shel
on the core, wherein the fluorescent nanoparticle has
a diameter fromabout I nmto about 200 um 2. The
nanoparticle of claim1l wherein the core conprises the
reacti on product of a reactive
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fl uorescent conmpound and an organo-silane, and the
shell conprises the reaction product of a silica
form ng conmpound. 3. The nanoparticle of claim1
further conprising a ligand on the surface of the
fluorescent nanoparticle to forma
| i gated-fl uorescent nanoparticle. 4. The nanoparticle
of claim3 wherein the Iigand on the surface of the
Whatiiyelaimeddsht  nanoparticle is attached by a coval ent
bond or by physical absorption. 5. The nanoparticle of
claim3 wherein the ligand on the surface of the
1. fl voffessent nansranoRabhpgdig: i S sel ected fromthe group
consi sting of a biopolyner, a synthetic polyner, an
anti gena &l aBkbRAdY o BudlbLbP oﬁ)gaﬂkoc‘rmlat@d htrou§1 eano-silane
receptor, a hapten, an enzynme, ‘a hornone, chenf cal
c oY %1pathogen a toxin, a surface nDdlfler and
conbi nat hr@fb%o%ﬁb%ﬂ@@fshelt@n th-gl@lenanopar ticle of claim1
wherein the siljca shell coating on the core covers
f r om ab3ti " 11§ eressy denoppgclp dtsadhncist rpinabarawebout 200
area. of the core. 7. The nanoparticle of claim3
wherein the ligand on the surface of the fluorescent
nanoparticle covers from about 10 to about 100 percent
2. of Ttldﬂleinsmrtfcané ck aiﬁleawbsfrmh hﬁ c6i@k@nprBes tHh@acianeparct dGlr&ctive
S| PI&IE: gscg]h CTTpouncF ang an org_)i_mo sii gﬁ(en% ?l}eg lfaggnags%% 1eg:c9a{:{§?t]1eproduct
ab9U1ﬂmmf¢@@gc¢ﬂm&ndThe nanoparticle of claiml
wherein the dianeter of the nanoparticle is from about
| to about 100 nanoneters. 10. The nanoparticl e of
3. cl Ahqwanofagictehdplao ifiribei segpeisibdrelizp@ot ibe sagendt. the fldorescent
Th I conprising a
th%ﬁﬁ%ﬂﬁ?ﬁ%%g%§ﬁ¥%£dﬁh&%%h%nLﬁ%%%%{lCle of claim 10 or
11 wherein the therapeutic agent is selected fromthe
4. OF OhdhaBQRRIRIE AGinOT wikrdl M8 tiofaBh 91@91!1: ﬁ\gé"!)ﬁl fhorilf,ace
nodi fier, and conbi nations % her eof The
naffeae gleis attaghed by ajcnaleot hopd eribvphisical %‘i’sctlht@nt her apeuti c
agent is absorbed into the silica shell of the
na artlcje 14. The nano article of claim10 or 11
ﬁ iaRoRe sl chelR Bt an W Esﬁnd Pa the g fagiof gt froteprsnt
SI hdnGgar tlﬁdﬁekd[cc(éff frb@hd AN PRBMskstifd &.a bﬂe’éol hB€a synthetic polymer,
ann?rt cle.of claim10 wherein the tﬁ%ra euti c agent

i s UL A RO P RS YR AT T f TERET ﬁéﬁB‘ﬁ‘érﬂﬁ FyEe; a
16hordomeed lfi@duc@lfcoﬁiﬁ&lnﬂgl uiol:dh0s ©SB e HurtRRMRATE hed
cocrgpnb l‘% §|ng a fluorescent conpound and an
mnatio 1e1e0
ane conmpound to forma fluorescent core,
and

6. The nanoparticle of claim 1 wherein the silica shell coating on the core covers from about

10 to about 100 percent of the surface area of the core.

7. The nanoparticle of claim 3 wherein the ligand on the surface of the fluorescent

nanoparticle covers from about 10 to about 100 percent of the surface area of the core.

The nanoparticle of claim 1 wherein the thickness of the core to the silica shell is in a

ratio of from about 1: 1 to about 1: 100.
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10.

11.

12

i3.

14,

I5.

16.

7.

18.

m xing the resulting core with a silica formng
conpound to forma nesoporous silica shell on the
core, to provide the fluorescent nanoparticle. P. The
met hod of claim 16 further conprising comnbining the
resulting nanoparticle with a Iigand selected from
the group consisting of a biopolyner, a synthetic

pol ymer, an antigen, an antibody, a mcroorganism a
virus, a receptor, a hapten, an enzyne, a hornone, a
chemg: ﬁﬂlop&@ﬂp&%ﬁgn 1 ¥hPRLNRAR et of l@@(hznopa?t RYL fr@lﬁ Gb, ut to
nodj fier, or conbinations thereof The dj

cl PRt 1 ranepdis conpri si ng conblnlng the resul ting
fl uor escent nanopartlcle with a therapeutic agent

sel ect ed fr E roup consisting of a drug, a 48
bi di Paélé’ﬁfi”éc HR £ SElehfodPTiieg s hgprerbimsihat i ons
thereof. 19. The nethod of claim17 or 18 wherein the

e es coatlng the respective
Ilggnﬁm8&“?% &3%@%? aﬁé@ﬁ?“%ﬁfﬁ“?ﬁ?”%ﬁ%ﬂkce of the
nanopartlcle 20. The method of claim17 or 18 wherein
L S TR S
nargwpapctnssiue; of 2 mrugTﬂeomm¢chkada offa@! naddified, AnddonmbGaidie fiRiebr,
t he conbi ning step conprises bonding the respective
| igand or therapeutic agent to the surface of the
r edbt ninggarndn obdriti ) @, 1122hereln plhahampeaistdgealis aabibi@mto the
cogmgd§k@gﬁhp@m&£Herscent nanoparticle of claiml,
and optionally a |gand 23. A pharnaceutica
conposi tion conprising the |igated-fluorescent
Nanepainbheid Golafth & B 3 wiRRsh tgpﬁllerg&,"f\ id Y% erﬁ il DGLABRY U Sitica
agent. 24. An imagi ng agent conprising %
I|§§p€8”$PHBP%%%%nt nanoparticle of claim3. 25. A
fl uor escent nanopartlcle conprising: a core conprising
a f uor escent Ye i ncorporated into an organo-sil ane

DaPar TR 4O e dhgyBrransatcsi gt dnasatsisrad with thligand
CObEheMﬂ@@ﬂmm;the fluorescent nanoparticle has a
di ameter from about Inmto about 200mm. 26. The
nanoparticle of claim?25 further conprising a
t haragpieidtol maxaggeznmum aacdni gasdrticrcopidingr €s  thereof, on
t he surfgce uor escent nanoparticle. 27. The
nanopar t'i ¢1%e? oﬂfuo%fcﬁltnff ORIy P S%Fﬂffr?i‘lg‘?en@o“ﬁmf“l“‘bé"nb‘)”n a

nﬂmh@w@wpﬁa@mﬂof the fluorescent nanoparticle. 28.

The nangpartd.cl.g.9f, c r._conprising a .
t her apeu?‘ ¢a i m%“m CO]ter%msduS?lfcgg%mB’lg ‘piygound to i Fhesoporous

silica shell on the core, to provide the fluorescent nanoparticle.

The method of claim 16 further comprising combining the resulting nanoparticle with a
ligand selected from the group consisting of a biopolymer, a synthetic polymer, an
antigen, an antibody, a microorganism, a virus, a receptor, a hapten, an enzyme, a
hormone, a chemical compound, a pathogen, a toxin, a surface modifier, or combinations

thereof.

The method of claim 16 further comprising combining the resulting fluorescent

nanoparticle with a therapeutic agent selected from the group consisting of a drug, a
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[9.

20.

21,

22.

23.

24.

25.

26.

27,

28.

fl uorescent nanoparticle. 49 29. The nanoparticle of
claim26 further conprising a magnetic conponent in
the core of the fluorescent nanoparticle. 30. The

met hod of claim 16 further conprising treating the
fluorescent core with a tenplating agent prior to
formng a silica shell on the core. 31. The nethod of
claim 30 wherein the tenplating agent is a quaternary
anORP RS gisprfacgpodifipreorsembiodions thekefi m 30 furt her
conprising renoving the tenplating agent after formng
a sjlica shell on the core to afford a porous silica
shélg medigd of il Theyg Lo tvhereiai the Fombining resp coompvss Sortge the

t 1 eapdcng el 3@ alcpsutis hée'n%t@th@&drfaw &fhm%alkdpgﬂag a
t herapeutic, or m xtures thereof . The nanoparticle

of claiml wherein the dianeter of the nanoparticle is

f r ohe abobd of Qlatnd 17 &)bQGtwl%ﬁaQ] ﬂﬂ%ﬁ%ﬁzﬂ%&tep&?mp?&@ 11tnﬁrbm,g, the
anopart | icle of claiml ereln t he di ameter of
nalOpar I TOFPEHE ABUNOLS T ablutpgie.
manonet ers. 36. The nanoparticle of claiml| wherein
i anet e article is fromabout 25 to

th n

angit "0 Akl e SR U St TR Evpreen B
whesettvetigsddic amp@nc &g‘enlttb] ecRafeparihd @hink safopaniabout
25 to about 100 nanoneters. 50

A pharmaceutical carrier comprising the fluorescent nanoparticle of claim 1, and

optionally a ligand.

A pharmaceutical composition comprising the ligated-fluorescent nanoparticle of claim 3

and optionally a therapeutic agent.
An imaging agent comprising the ligated-fluorescent nanoparticle of claim 3.

A fluorescent nanoparticle comprising:

a core comprising a fluorescent dye incorporated into an organo-silane
compound; and

& mesoporous porous-silica shelt on the core,

wherein the fluorescent nanoparticle has a diameter from about [nm to about
200mn.

The nanoparticle of claim 25 further comprising a therapeutic agent, a ligand, or mixtures

thereof, on the surface of the fluorescent nanoparticle.

The nanoparticle of claim 26 further comprising a ligand on the surface of the fluorescent

nanoparticle.

The nanoparticle of claim 26 further comprising a therapeutic agent on the surface of the

fluorescent nanoparticle,
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29.

30.

3L

32.

33,

34.

35.

36.

37

The nanoparticle of claim 26 further comprising a magnetic component in the core of the

fluorescent nanoparticle.

The method of claim 16 further comprising treating the fluorescent core with a

templating agent prior to forming a silica shell on the core.

The method of claim 30 wherein the templating agent is a quaternary ammonium salt.

The method of claim 30 further comprising removing the templating agent after forming

a silica shell on the core to afford a porous silica shell.

"The method of claim 32 further comprising treating the porous silica shell with a ligand, a

therapeutic, or mixtures thereof.

The nanoparticle of claim 1 wherein the diameter of the nanopatrticle is from about 10 to

about 200 nanometers.

The nanoparticle of claim | wherein the diameter of the nanoparticle is from about 10 to

about 100 nanometers.

The nanoparticle of claim [ wherein the diameter of the nanoparticle is from about 25 to

about 200 nanometers.

The nanoparticle of claim | wherein the diameter of the nanoparticle is from about 25 to

about 100 nanometers.
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