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t he PCT, pursuant to R@messiRéferaiceTlocR@aied Appdieatiaml Fiel d [ 0002] Vari ous
enbodi nents relate to the field of nanoprobes, in particular, nanoprobes
for nmultinodality optical inmaging and drug delivery. Background [0003]
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generate cytotoxic reactive oxygen species (ROS) that are .
purposes, including an incorporation of any element or part of the description, claims or

p

drawings not contained herein and referred to in Rule 20.5(a) of the PCT, pursuant to

Rule 4.18 of the PCT.

Technical Field

[0002] Various embodiments relate to the field of nanoprobes, in particular, nanoprobes

for multimodality optical imaging and drug delivery.

Background

[0003] -Cancer is one of the most prevalent diseases and accounts for around 13% deaths
worldwide. Many cancers are usually diagnosed at a late stage which is bad for the
patient’s prognosis. Hence there is a need for developing an improved technology for
early detection and treatment of cancer. Amongst the several treatments available,
photodynamic therapy (PDT) is an alternative cancer treatment that has been gaining
interest in recent years.

[0004] PDT is a minimally invasive technique that combines a light sensitive molecule
called a photosensitizer (PS) that preferentially accumulates in the neoplastic tissue with

light of specific wavelength to generate cytotoxic reactive oxygen species (ROS) that are
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WO 2012/ 039685PCT/ SG2011/ 000330 toxic to cancerous cells resulting in tunor
cell death by apoptosis or necrosis. The nmain advantages of PDT over
convent i owal2opa3e@s treat nents such as surgery, chenpt hecasg2em®o0330

radi ot herapy are its mninmal side effects, that no drug resistance can
develop and its reduced toxicity that allows for repeated treatnment. The

ef fecti veness of PDT depends not only on the intracellular photosensitizer
concentration, the intensity and the duration of light irradiation, but

al so op t I B ' f ' int he

phot oo feife %ép‘%ﬁ%r%?? e ih ?Lﬁ{é%rg&%lh&éeggﬁ kﬂ’éﬂfé’? %S*Ey"grg‘ﬁagﬁg'ﬁ?“ﬁ%“ay‘f‘ el d of the
phot osedsintageeof PDMarvef osryentidnal sanicepivedtmmnts tsochdasysirggy.achshothswwnisi ti zer or

i mprove an existin hot.osensiti zer for targeted delive nce the

ef f ect ia(}‘gf?éiéoé]!‘%?pyF%gr%S rHBEE S’éﬁgﬁg%tr{g?témo#rg% IBRSSE %nszli‘%('iefzogra%?g%hyperi cin
whi ch hamcéd@xihy kat Midves for pPused GeApkat Th yiiemvenesoRIDT degendsnod th | i ght .
This makes it a verﬁ attractive candi date for PDT., [Ooo%rfgyperi cin,

bel ongionky arothg intragsBular phatessasiger capaeniaiam dhs,ispsitn andy s iralignione
conpoundg. ; OhiafBE St RRG! dn' G@!shdceBuldh fRaNLALAPHE MeSiRE BY 2 pRBEatRALIRS ENSI Ti Zer
obt ai ned from Hyperi cum perforatum (St. John's WFt) is a prom sing
secondphembleathingn qhhaoicesistvsi t amderthey singlgbodxygeot quanivmt iyrldgof the
characteristics and tunor. selectivity.. Topical, or 1 G Lnistration
of - hyperreihfaentpereris SErBRIPL L dat ShnsRssHRGER mPR%k Ahncop) et o
ti SSue eRiRfingd PHoSoskhsitns f@aaéte@oslBBEy tlenhanct khecsfRstiemes-c®Dded di agnosi s: or
phot odynani ¢ di agnosi s, of early neqpl asnsg, [go 74 I—%geg,'_ci n isda

hydr op 95t Ors|cgample of AdPhaiRseRYUUERT (1§ RYPSTITEL ISR 136y ADIHESTO RIPAYSKe

physi olpgj | BoHTBRR SHRE 9 Cerdhtirthisd caddi@ie &r this

phot osgﬁg}e??!z(;é%ng&gg%ﬁﬁtﬁg%ﬁilyggeﬂrﬁ{?g%ﬁ i s usual II?/, di ssolved in

di met hyID3ul f oxi de (DMSO) for in-vitro and ani mal use or ethanol for
applicagd in_humgns. Thus, [ L i se the

o1 o1 ogTeUtPT HyBerrariopebtt 2 Ho TROBK G PR BbChorkiole Bl WRBKARTT |

cel | s, compowsyorsyisieaspsciiadyth phenanthapermaequinohoplaxosensiszer pbtaymedr i ¢
mcelles, dendliners and naRg{)ai i cl have been devel o e&i. This has led to
the ded@mbgiEiicyr PHIYEMFeAR: at9"81 S‘?ﬂﬂ)oéser?sipf(?n?é% PR BRETHO,

prom SipRGiol@SitzrSwiip g8 FhotdLRGRIind\ReNdtdrisBORhR AghorRaiectdfitydEbpivary is a
nanoparticl e- based approach, where the photosensitizer is encapsulated in

t he namopestanhie pémipistiatipm bf hypeaeingesulthin ;alesbixe erquniilatigpofdgperttieingdvant age
of this nach | p o i1 i i : he, tunor site
'n o o A, R e e e The v
2012/ 0386108REHI SEARAkIsGIe3BDnevptasms. ti ssues. This techni que has further

advant ages due to the sjz unabi | it urface char .eristi d high
arug | SAAGBERR Y 1 O PIPRsHIp AP T s g BRURBLR! Badg 31 B
nanoparghib8gicAlF\RELptHIY endli£ Alak §0dyeRIiA hdhhigtiatioh ofkhiaphbtocatitieers due to
their easy preparation, efficient_ biaqconjugatian,  non- égti oxi city upon
PEGy| atPrauermy- Stypenign dbasiahyi ok 18 Ciipe V#SH‘S%%@%M% Of HEKig t hem
i deal candidal §S SrUndm8Mor 258l GRNARCREN LRI TIRA! td iREsVRGhe ENGbiRKAHAI €,

hypericin has interesting Raman scatteri ng_ properties. Because of the
i nt ri nSnaedRatEnbialvgical specificith ppewdhclydrophobigenholnsenstizgrst for tmugrfegde Enhanced

Raman ctrosco SERS). based | i e i S- Nqi id Jzation on
G\Ps. ?ggﬁf‘é}’ SYSEC'Q%W(S?CF%LP O i & - (e ggg%’ g gﬂ@lﬁeﬁdfrlﬁlﬁﬁ?ﬁ’ ‘Eég p o%sodt er mal
ef f ect naf@Hartiohy Haee Gbdd dzeldped THiohsotibé tardle delvelopmynt(dFiyd-gf@od®h So far,

it has been reported that for a photosensitizer to be delivered into a

cel |, iphoteaeagiizers vtk the Mot pEeMmISHeIAV A4l f ace by a coval ent anchori ng
met th;[oM S\ H&ﬁt\/te%r%ﬁQM% lof BiBRery Ri SnBYAtiSRIbasd HHRABRWHERY the
significantly alter the structure and activity of the photo sensjtizer.
[0011] phatokéneitizereisoamiapsulatedrinhel pnaparticle ef iramgbiligecham diraranoppidislener e based
on coval ent conj uygation .t synt. L LLi: : i onal i zi ng
he photBREnant Foer et is, APsTE Skt In B ORI i Re e MK °0T o
am ne ghoPsied it hengrbgtlestesinanme rwidi 1dw tdvacigunfidiasniofal dembgd thathegol d. Such
synthetic nodifications may be detrinental tothe activity of a drug

nol ecul e. Al though these protocol s show some success in delivery, the
effect on the activity of the photo sensitizer is still under debate.



[0012] Thus it is an object of the present invention to address at |east
the problens mentioned above and to provide a nanoprobe for nultinodality
optical iwagbreg3edsscancer cells and targeted drug delivecy/SGeoaangssd cells.
Summary of the Invention [0013] In a first aspect, the present invention
relates to-a nanoparticle |oaded with a light sensitive nolecule, wherein
the nanoparticle is a colloidal gold nanoparticle and the light sensitive
nol ecul e i s non-coval ently adsorbed to the surface of the nanoparticle.

[ 0014] Accordin 0 ngd: r | L I t :

nanoprBB%mgthfgégTﬁﬁﬁﬁggﬁ%gﬁ%ﬁ%@é&f@%%%%%égéggyg%?é?ﬁ%hgﬁgiﬁgﬁ%§2rt?c?e of

: get lhg\éﬁdih%témstia@ ?h({ lrx]igh derg loadipg bzlziiab@itsaof the gietomagialesi Biogompatdilegeldy coupl ed
surface o e nanoparticle. [0015] dj. hi- r d

L0 e st ok s fienoparthsh g LOORL PSR 18 B Wy dugsvect. @

the i n}sgeg%faﬁan,' SEHRIAY | H6Dnjugh @ Blonl ytétokieity tdpoaSPEGYlation raat hatbngf

prepari a nanoparticle according to the invention conprising the steps of
provi diabgpreticncind sicattering praperignopaling tea ldaﬁ&a%ﬁatebf?awﬁfaisye@g% bi ng 2

| i ght sepsit.ive nolecul ' surfac : d j h th
the | 1 GREC pEBPy £ Sl bt riE AT a g R e AR Bl S et
[ 0017] HeBawe foff the mspsizt Raman i awtigity @ f niestpeodng dirpray sbe gsedd dom Sutfeaei ng t he

nanoprobe according to the i ion,, .and. col l.ecting i | NGy of the
] 6 Enpreg Ramsn SPGB e LR PHdERE ST darT PBRERid P
provi ded.gNf018] According to a sixth aspect, a nethod for determning a

phot odynam c therapy reginen for a subject conprising_.determ ni t he
t her apy[0009gilmadditiarn dol that, GNEsi Hep qentabeis| o dehosihermeh SHptt é‘i“ﬁi’ulq’[%i nodal i ty

o, LA AP PARAROR i e rarcear € according o che I vent
[0010] So far, it has been reported that for a photosensitizer to be delivered into a cell, it
needs to_.be attached to the GNP surface by a covalent anchoring method. This has the
drawback that this covalent attachment may significantly alter the structure and activity
of the photosensitizer. |
[0011] Earlier reports on drug delivery using gold nanoparticles were based on covalent
conjugation of the synthetic photosensitizer by functionalizing the photosensitizer with a
thiol group or by covalent interactions of an amine group of the photosensitizer with the
surface of colloidal gold. Such synthetic modifications may be detrimental tothe activity -
of a drug molecule. Although these protocols show some success in delivery, the effect
on the aétivity of the photosensitizer is still under debate.

[0012] Thus it is an object of the present invention to address at least the problerhs

mentioned above and to provide a nanoprobe for multimodality optical imaging of cancer

cells and targeted drug delivery to cancer cells.

Summary of the Invention

[0013] In a first aspect, the present invention relates to a nanoparticle loaded with a light
sensitive molecule, wherein the nanoparticle is a colloidal gold nanoparticle and the light
sensitive molecule is non-covalently adsorbed to the surface of the nanoparticle.

[0014] According to a second aspect, the present invention relates to a nanoprobe
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[ 0019] According to a seventh aspect, the invention enconpasses the use of
intrinsic Raman activity of a light sensitive nolecule for Surface Enhanced
Raman Spewonropuspdss( SERS) based i nagi ng, wherein the |i gott/Ssengioneze

nol ecul e is a photosensitizer conprised in the nanoparticle or the
nanoprobe of the invention. [0020] In an eighth aspect, the invention
provides a nethod of treating cancer in a subject conprising adm nistering
t he nanoprobe according to the invention; and perform ng photodynam c

t her apy I - Br ResqkibRtl t Wi .0021] 1 n the
draw ng%%rfsgg t?g%ff@r?gg?{:%ﬁhgct er E‘bgté‘lﬁg?%u ef/ c? %Pg%lggn gr}g %8{1%% e;%r ts

t hr oughenyelenthecalipledde gretsuvfaean themmogardiviengs are not necessarily to scal e,

enphasi gk £S d,.gener al bei ng placed upon jllustrating the principles of
the inv g! ﬁo%&%fdﬁ %ﬁ% ?ot:llﬁg\/\fsﬁﬁgdé’s@ﬁ?rmaf’ l,call\lé‘?' 108 5BPHERE dhef t he
i nvent i wanoparecld es the inbespravel T theciheéiivg &s provide@ fol | owi ng draw ngs, in which:

[ 0022] l,lf}i g(grem]} shows a schematic di agram of a scheme for constructing or
pr epar i §§i¢ In byl Radt % (rethop Of PrepRFingH Bpnppatisly apessding tqthe hevention

accor dagefristieVaE | @ &rr?,ggjjd- So Fi 21.8 a M i mage of
the prepared P; aér% (b an%gg;tsdoiog)ltk ?‘%ﬁﬁs’%‘eéiﬂ?&%gﬁ“@‘” g%&?nﬁgnéoé'%g%%ance to
var i ousadserbingi kight sensjt024dledilgter de Suimew the SHRBasqaetidaseh thitpes | ci n- GNP
conj ug [ ance. t o various embodi nents; . [0025] Figures 4a(i) and
4a(i i )qggz’éﬁéngﬁlﬁggg’uﬁ%}l% ‘Srﬁn%‘%‘%"s‘g P g%‘ég%ﬁlsé’é%vf‘? t A-431 cells with no

par ti cl[6817]iIn ;fifthradperecart tmatisig @ieshodNEEhriR{H Sdmin the GHdh&prop (1) to
Ab(iii) shﬁw dark field mcroscope inmages of A-431 cells w th bioconjugated
nanopar¥FfEIEE Qi f IYEIHeR.cand, cqllscting: Bnaging: date pfythe jsubisctepropatt néithes; [ 0027]

i O poge 0 AOnar e 6e b th ByUST| A ©n accordance Lo various
enbodi &8&1&1 AFoUZE R} gastheaspel( p Jmethl fhul (deieymitina pavtodfrantid tirgryoscope
accor aaneBep &Pl bRl Al e B8 e aRg P B BB s ot
(i) colcobeated wsthsqpeioali munltinfodakityomedgtlig Gftdr) thd %ahosroBd bpitke UsRPatiRIeT Ni C

nanoparti aiiag ¢ B brion bk Pertadsiiviefed Gl TP RTHEas a negal | ve
cont r ol[0019p ARCEAMPARCE sév@nitAidpedts tIRMRQE TR Rompasses the use of intrinsic
Raman activity of a light sensitive molecule for Surface Enhanced Raman Spectroscopy
(SERS) based imaging, wherein the light sensitive molecule is a photosensitizer
comprised in the nanoparticle or the nanoprobe of the invention.
[0020] In an eighth aspect, the invention provides a method of treating cancer in a subject
comprising administering the nanoprobe according to the invention; and performing

photodynamic therapy on the subject.

Brief Description of the Drawings

[0021] In the drawings, like reference characters generally refer to the same parts
throughout the different views. The drawings are not necessarily to scale, emphasis
instead generally being placed upon illustrating the principles of the invention. In the
following description, various embodiments of the invention are described with reference
to the following drawings, in which:

[0022] Figure 1 shows a schematic diagram of a scheme for constructing or preparing a
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[ 0030] Figure 5b shows OCT contrast agent on cancer cells w th nanogold
hypericin with (i) EGFR (Epidermal Growmh Factor Receptor) fluorescence

i mage; (iwWp2nefd3eessance i mage of nanogol d- hyperi ci n; an@CfiSG2)11®00830 ned

i mges, in accordance to various enbodi nents; [0031] Figure 5c shows OCT
refl ectance based confocal inmages of A-431 EGFR positive cancer cells

i ncubated with anti-EG-R | abel |l ed hypericin-G\P, in accordance to various
enbodi nents; [0032] Figuré 6 shows an exenplary OCT refl ectance based '

conf ocgl 1 fiB&Esy Oh 2SR SherSSlnbsiC OPRMBE iV bk Lol (NHERGR! | S :
i ncubat%euéhvm t 1%:’;mt ?'%Rgflabefl? e%dnhyber cl n- Gll\rllP, %Er?ﬂgccoréancghf% vari ous
enbodi reibdbdimehB033] Fi gures 7a and 7b show TEM anal ysis of cell section of

A- 431 .in accordance vari ous,enbodi : 4] F qure 8 shows
conf oc &d#fglﬁué%?esﬁ@@s 2‘5& §E&)b’§?age s p{%ﬁ”%@c@k&ga %%3{’ P th 2uM
hyper i gpabtdiff of dRORLtin BcddedtinGs toaRBolPImbvdadntsel | s treated with

Hyperi ci n- AUEGFR t heragnostic probe for about 6 hours; [0035] Figure 9a

shows dORHbEIRurs Bishpws @cHeS presa of HbmeHg NP RIcengLatRy etceidancss Oer

i pcubatv'gﬁghs\/gxﬁbgdgﬁgﬁits-. EGFR conj ugated hypericin GNP in A-431 cells [0036]
Fi gure shows a pl 6t of conparison of hypericin fluorescence intensity in

ﬁ\431 c §00285] FigukaswWiatiyyandaiipshiowndank fibldamiciosée@eRmagesj afganted Avgpeedllsi n GNP and
yperici.n al one; [0037] ,Figure 10 shows. a plot illustrating the dark

t oxi ci pé‘ﬁtf‘{lqu’(‘ﬁQc%’gmcgS%%rbo“ﬁﬁﬁlgmfig}eﬁg(}\lP conpared to hypericin at

di f f er @ou26f PiLuedst 4bad) it6 AS(ifi et darkr ekl Zniddsdopblimiagesacfcardanelts tathvar i ous
enbodi nents; [0038] Figure 1l shows confocal fluqrescence nmicroscopy imges
after ®igseniyedied panopyHeles with pyyericp, iy accertancep VAna‘@ieﬂg%adP%ef% eated with (a)

Hyperi 'E[b ﬁgigﬁgﬁ&cﬁ@% QQ(EQ)SMOQV RARBE1d %éro@bB@rijnﬁ%é}. & A-43Mceli€vitdypericin 4
1.1M (d pericin"6 1.1,'M (e) Hypericin 8 uM (f) Hypericin 10 p.M (Q9)
A- 33‘(1h§peg)rlsted nawpaticlss with Hyperdin iim agkgrdamrRRotiadpegmoldirsens;obe bef ore PDT;
an

ond, (hofnf SRty SRRLAD DS BoB puskese ko asioyignce (o,
under g@eggatad @pitl dshapaftivtesiwidi lopeacnhiy atdvedande tevaioos embatimantsa) and
Per B n s BT S Ve IR 2
Intralipid used to mimic tissue scattering; (iii) colloidal suspension of naked 302 nm
silica nanoparticles (2 x 10" particles/ml); and (iv) saline as a negative control, in
accordance to various embodiments; '
[0030] Figure 5b shows OCT contrast agent on cancer cells with nanogold hypericin with -
(i) EGFR (Epidermal Growth Factor Receptor) fluorescence image; (ii) reflectance image
of nanbgold-hypericin; and (iii) combined images, in accordance to various
embodixﬁents; | |
[0031] Figure 5c shows OCT reflectance based confocal images of A-431 EGFR positive
cancer cells incubated with anti-EGFR labelled hypericin—GNP, in accordance to various
embodiments; ‘
[0032] Figure 6 shows an exemplary OCT reflectance based confocal images of CNE2
cancer cells compared with normal NHFB cells incubated with anti-EGFR labelled
hypeticin-GNP, in accordance to various embodiments;
[0033] Figures 7a and 7b show TEM analysis of cell section of A-431 cells, in
accordance to various embodiments.

[0034] Figure 8 shows confocal fluorescence microscopy images (a) CNE2 cells treated
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[ 0040] Figure 13 shows plots illustrating percentage of cell death
followng (a) PDT and (b) PTT using different concentration of anti-EGR
conj ugat eaolypaspessn GNP and anti EGFR GNP, respecti vel yPCirsGaeaoneance t o
vari ous enbodi ments. Detail ed Description [0041] The follow ng detailed
description refers to the acconpanying draw ngs that show, by way of
illustration, specific details. and enbodi nents in which the invention may
be practiced. These enbodi nents are described in sufficient detail to

enabl e_t i i t9.9P { ] i 1 hev,. :
enbodi rr“lletﬁ??%rrglgb %ﬁg‘ﬁﬂﬁrﬁb&@% g{)l& S.’s%rdu(?:) g?g?fcgtrﬁtréla%ﬁggl? ﬂgﬁg%gg[urmy be made
wi t houEGHFRpheragmgti¢ pokre fitebswtddwuot the 6 invention. The various

enbodi are not, necessar,i nut ual.l y excl usive, , as,.s0one. e di ments can
e conbTUBHF Rt S othe N ccnbrn TorBredRutemanite Skt it RSO RG ot s
[ 0042] idcabaiohivifit anfiSIPGER cofjugaappeticial Nt ppdedieelih a |ight sensitive
nol ecul e, wherein the nanoparticle is a colloidal gold panoparticle and the

i ght $Wd6] Figves Hophaws e Pios of serepAriPR of IyPeed® flHetFSeeace HEenstiy fde of the
nanopagii e o idBsion W Mei-EEFRNGnfRAlEHypQiciy BNFOMR 1IpRRdhment s, the
term "nanoparticle™ may refer to an object” of & size |less than about 1

m cronalone;1 p.m For exanple, the gold nanoparticle may be about 10 nmto

about min size. |n,variqus. enpodi ts,. the riti.cle may be
2bout MURALFERCI SRSt s Ty M RimE R SR DBt A REE SRR e o1 ve

r el at egypepicinh@NHicamphed tehypegioft 4 differthieonempatidrsengig fromd-20 pM) vari ous
enbodi ments, the size is the nean particle size. A gold nanoparticle may be
sel ect EHRCCPPARGEHR VR sM08HEIEEs: ng of a gol d nanosphere, a gol d nanorod, a
gol d ngﬁﬁg];?%ureal 19%o&s Q@%§QQ1ulores@en|99hﬁlch%9§j hagy thﬁr.(?%bﬁu@ ML €.

Al t hou nanorods have generally been identifie ave superior
phot ot ferfRT iefliccass etddsschs tredted withe@ Hyperigineth-ENFR) thatageestiei on,

nanor o8 OpER A R HpEHER 4 AU keRe) bl R8Pl et 00! ¢

cet yl t pMyef)Hypariemniouvpie) di-dFiscICTRBRE] with Hyrerisinr AaBGHR thgaboostianor ods may
limt their applicati ) t he upt gke of a_.gold nanoparticle depends
si gni fp@gﬁPng’“‘oﬂFPft §n‘£a§é\-§i‘dc mﬁéﬁgtfﬁﬁ‘é?ﬁﬁe h%&%&?%gbacfﬂr a Cé:Iqu may be

achi eveglidy eidbdichenRheri cal gol d nanoparticles with a nean dianeter of
about 40 nm In sone enbodi nents the nanoparticles are essentjially

monodi 098Pk Bigufe0(343hops cenderahemaks  oft ﬁe4§e cehls upderapigg | apgptogis (as
NANOPALIdGlAShy 1 Qe 'Bofidbd! AN MA ddefdsR5(o ABRN By thel AEATENEhARCCO! | 0T d. A
col | oi d may be’ anal ogous to a solution: both are systens of nol ecul es,

at ons ordiqaeedtliycthe svhite aarosd Ifolérwing (4)ePDibiang &)t BT, o8 aofordancokd virdals syst em
however, . because qf their size (typically in nanoneters) or the distance
bet vveeﬁmjf’?fgme?% typically in nanoneters), and their solid cores, may

at t r ac{00a0EFRaRL 1%eshoWs pibts Dubirgtingferdeatage of celnddath follewidgeaPDT addgr egat e
even when the only neans of transport for the nanoparticles in the solvent
i s di f fdiIgnusing d%%Telan‘H’éEFmg?é‘PH of anEFAIER eangeeatpdyhypericip SN %‘éf gty col | oi d
but ra Y, F i hel ess, the term "col |l oid"
Ry LoECER Ob: féﬂ’ﬁ%?ve@%’ﬁﬁegﬁgﬁdégii‘?i@?%"‘ﬁ“?&d?‘? %%'0045] Col I oi dal gol d
nanoparticles may be coated and stabilized using different thiol |igands

capped by chem cal groups whigch .orgyi de variety of solubilities to give
the solubility properties of l-li'i’-g'&l(mmrophobi c, and anphi philic.

These gol d nanomaterials are therefore suitable for a w de range of
i ions in differen nyi ronnen for. ex I in
appl i cations d erent systens a?d e }-/1 onnent s, dlgwinegs?hngg e, acting as

a del i W] Vanfollpwingdeipiled deseriptionyisfars o the gecappanying

show, by way of illustration, specific details and embodiments in which the invention
~ may be practiced. These embodiments are described in sufficient detail to enable those
skilled in the art to practice the invention. Other embodiments may be utilized and

structural, and logical changes may be made without departing from the scope of the
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[ 0046] Cenerally, gold is bioconpatible with little or no long term
toxicity and tunable in size/shape and aspect ratios. Gold has excell ent
optical pwoperxisess easy surface functionalization, pos®CHiSG20M/0006330

bi oconj ugation, ability to adsorb hydrophobic drugs on the surface and
tunabl e photot hermal properties. [0047] In the context of various

enbodi nents, the term "non-coval ently adsorbed” may generally relate to a
non-coval ent interaction which is a type of chem cal interaction or

bondi ngnvePtYJH. G LY RE HBEMinI RGP R GesERily Ihfall) @RQuARS, ab B3t ve the
sharing of pairs orf el ectrons, but rather 1nvolves nore dispersed

var i at emhediofen®ice be corplginet with pmg ermereiothes embpdimsnigite fdrauewe ommonl y

ment i oneg 5.\é§ets of non-coval ent interactions, nanely, hydrogen bonds, ionic
bonds, *VAA“HEM *Waal s forces, and hydrophobic interactions. I'n various
enmbodi sUaRE In 4 HRst BPRcC OualopBiticierbated Gtithoanligha yersttive rteludy didtein ihet er act i on.
Hydr ophobi c interactjon may retain the activity of the lLight sensitive

mol ecumanapagiciceised ,colé@d%lh%(ﬁ% nagonsgicds ppd the Hebicseasigxe impleAWel NPt he

adsor pchxPﬂen?lSz%ﬁ&% d 0 Ssurfald & tBé’Hﬁxo?&ﬂi@béqé ?RJQRQH.C adsorption maintains the
integrity of "the p%otosensmlzer in ternms of structure and activity for its
use i n[¢H3] bdthearnext hvapys CRDIYimens) 48] teffh|“ganopaitigled amayr webar to@na coval ent
[ nteracélj on.e whi ¢h %?ji}rjltsaﬁs hem cal 1m)di fication to alter light sensitive
mol eculPReE ia\F?Zt,e)C)‘?SS B o PETOM ' Ron- coval ent i nteractions, the rel ease
of the pb} gfimpi&NsE LbMendiBpAEHE andy BéThbIR 1001 16 ABARATDD Gne ir( §XF)Inmi ght  be
easi er when conpared to covalent interactions. [0049]. The term "l i ght

sensi t ivewousenthedineentstle gt aprapaficlremay e apa 400madn gzedPrndise iat i s
respongj.v, |i J | i W i cal as
wel | azﬁep f} ?8@111651%%}?52&5&%%1%%@6 rglﬁtisc%ﬁgpg{r}@g\éﬁb ?Zélgu{]gﬁo%kg?éspga&g]rl ous
enbodi semttere. Inharibugémbakements,i thesindisgbe neampyrtible sizepA@obbeanopartigler . 1 n t he

context of variouys emhodi nents,. the term.," photosensiti.zer" neral |y
refer P@yé’eﬁ{eé@gl%ﬁ)f“n&f’ eSS Ié‘ac?}e% Bpl Afenps |lol af §gfdan Ny r8?géc/ﬁgl§ri cal

react i @Rnothé¥, € g5lafahdsheR d gold hinodByandel @il€ nirvage Aldowdh gild navoesdsst i mul at ed
by light, react with ox%geninthe affected WO . ~

2012/ 03968sPerRlsepandrBind 3 have wperr Phatofiepmdicrs deeae ok f 8f s peci es.
React | Yxff &Y gﬁﬁt) SPREHRR, TRAkDSE PRYGD 8GRl QTiFuQHallP pY@E Md@ht dfS nor e
chem ca ry reactive than stabl e nolecul ar oxygen ("triplet oxygen"). Such
speci egoldncmeteodnut Additionrllyl i rthe edoxisity s efgl eurfaptangen” fori | example| ecul ar
oxygen in . either of its. two .me I , adi cal s.
o0%1] et a5l SdRiarEICEARR of Bt iiib oA hibfodhiRfin

hyper i cheiy; appliodtiohs.i As theiuptaity R€ a gatd naloputikciendeperatsisiknificiuge dn pissizspor phyri n
| X (ALA-induced Pp | X), Foscan, Charin eg, no-.L-aspart chl ori.n e6
(NPo6) 300 SD3RSemmR UnkE R Qe foT Tt b AORE S an ety B0l

but y| ophshaAR1es 2wite PO AYnP R ebORBout2 40 8R! Nl Bafy e@bodiments the

acet onapht'hone, 1- napht yl phenyl ket one, 1- acet onapht hone, 1-napht ho al dehyde,
f | uor emaraparticlgspesgssentially mospdisnersgi one, benzoethrile, acetone, biacetyl,
acri di g Ldin i Ne-1B, i LQle L1 Skdigcon

ot hal G2yl ATe S e e, TS TNBR | ERF Mor L ERR 0 B ey ) an,
Met vi X nadupattichsxapdstadi fyrrmingretcoBoids A eoibbidhmaiy heuangloghes ®od solud@B2] | n

variou nbodi nents,. a,phptosensitizer.nma r qdu singl et . n upon
activa Pg‘narﬁ/is?’ Heys Iofgfﬂlg’é‘%ﬁ’r ?:tgns'f’ﬁé)aﬁc tlxsagﬁ(ﬁ%eéﬁ'% F B oga'flgf(gée/r%gr a |ight
emtti @mlﬁaﬂ@gstélhﬁ@wevzﬂ%e&dug@bf Hek Kize (Biallaitenamon@iesd) @R giehdistindehe range

from about 300 nmto about 800 nm [0053] In a s_icond aspect, a nanoprobe
conpr i Yetiger [tbem {alsp dypiradlyve inn aanometers). 1284 (their SR (FOTeSN MK AR tINEr

conpri gj &foawirﬂ?gxgﬁgiieﬂtgfog&i 16 tfakE ANGh BMdl 0¥ 2B R4PAE AvdPwhiEhe Whfy2meaRf the
nanoparticle 1S provided.
_ of transport for the nanoparticles in the solvent is diffusion. A “colloidal gold
nanoparticle” may not be itself a colloid but rather only a constituent of a colloid.
Nonetheless, the term “colloid” may be used to denote the nanoparticle itself. |
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[0054] In the context of various enbodi ments, the term "nanoprobe” may
generally refer to an ultra-sensitive (optical) device that is used as a
sub- cel | Wweanrotba3eessi on tool. More specifically, it conpPCISsS2081090330mal |
particles that may be used in the detection, diagnosis, and treatnent of
cancer. [0055] In various enbodi nents, the targeting noiety nmay be sel ected
fromthe group consisting of a snmall nol ecul e, an antibody, an antigen, an
af fi body, a peptide, an aptanmer, a cell surface receptor ligand, a nucleic

aci d, fddsPERSENI fbig RaRSiRhRIdl may bbthaidd BRE'Ehized WRRIdifiGreneiyIOlL] N, and

conj ugat es” t her eof~ SO i nc as targeting noieties are antibody-1ike
mol eculigands avappedolaly clienzigategrowpsawmbickprovidely vdgetyveft solubdities fel|gidi g but not

mut o néo SR GRS AR T a TR DG, o501 arRRREE, Tt BRER be

chem cahnoiit@ials ark HerefoRsaitible f@an wWidgaange sfolpplidstions mudifferent ysemsl | or gani ¢
nol ecule. In other enbodi nents, the chemcal noiety may be a netal conplex.

i . | %%
[ 0056] ahenvirapients.fgr Frompley achng ase debively ¥purly 2 3isHicea coyrashee8lr f ace of the
nanopadg lsbikL B ' NitRXRH8!16ng fehif tdxidiyi B iRibRIY MRy be
pol yet rﬁ@q4§*1§eg‘?f§lgyd|gb?§%% c%@bgp%%wﬁgalpi ve thergeof . tI I’ll !cs)]lt her enboldi ment s,
t he | i nike/shapei aidy aspect rayalx 0Geldbbas epealieat alptigalaptapewias, kgsdr sedacgon chain

i th 2-20 carb s N Still. furtheg. i gy i h
pol y oottt PRyt o< gl A6y GRS Wbt WEom, ¥ TP 1G)

enbodi mRNVuFacd 408 thriaBlegihototheameal apdrtiestol ecul e wi th two functional groups,
such as a_diam ne, dithiol, di c%[,boxyl'i c acid and the Ii@ke. l.n the context
of var I¥¥3] Enthssrert & varines empedimenihg derf nopseovalgdthhaisprbedr el ngabl y
referr %%néreﬁlyat%laté {oNK §6n-BRI Y int@4ctidn! WKigh is a A chbRickRIH&GEGoad?0di nent s,
the linker 1's PEG having a nol ecul ar wei ght ranging from about 1000 to
about 80@lng, dypicadlydietveeeh maasrammaequldOthot dessalebinvolye dle: simring pEP#IS'PEG', as

used herein, includes P eri ive ' ] I'n

vari ou§ egﬁ%ﬂ&d%"#er <Y g'(ésngnr?(r)%o?%%éergerragarﬁagggs ?rﬁ?l% ?#@g%ﬁetﬁﬁ%gqgﬁgnopr obe.
As usedhber eden four heorimonhy " mehtioned dgpés ndynoreé@maleno ih@vactignsprnanmelypl vi ng
several nodes, npdalitjes, or xj.ma. The term"” es. m eneral.ly refer
to pat f¥frRgen b‘i"&ﬂlﬁem"eé‘?ndﬁuﬁﬂ H%n@ggﬁoff’ffres’c?f’ﬁlgh({rm‘b‘ﬂ]é’ﬁicn‘“\t/%‘fcgiﬂni' or nore-
di f f er eRtouiBldimend, QEE $8R S0 Mlert QhidFacBbn Gyl M hYhydfdphbisie dntetadtiéd)i S
context, the terns "nodalities" and "nodes" may be used interchangably and
r el at e Hydraphebip inigrestion sy tsédim ghecpstiviey abihe light sensitive meleculs vmaltdeds. Mre
speci fi : N y Y/ i . h hgr ence

t onogr 3%%%/&%%5 '??‘E‘Wé‘?é%%%“gggg’%ﬁﬂ%ﬁ??ﬁ%ﬁw%ﬁo‘f@%gef}“{gi tglﬁstgt%)rg darkfield
or phasgdropintbic@sisorpton otaheaing thaigedryy odthephv®semsitiesr intermsad structure -

ul trasonography. .The nanoprobe ser s nultinodality optical imaging
t her agﬁ’&‘gg‘it‘é’ﬁﬁﬁf‘lfﬂg hiile Og%@ﬁﬂapﬁ&ﬁg'st three optical nodalities as
vel | asor8praishe iedntiabtad apsovalenCiatgtion] ORGAkaksds shdnfitaldnedifieion a

pharmaceutical fornulation conprising the nanoparticle or the nanoprobe
accor dithgftar dishhensivemelsaule acthityy Fadlprmalse Wit ’BﬁéPﬁﬁE‘gd’EtF@&qlmﬁo@ﬁos ition
can fu j i (R4l £éth e 808 FhRtYaRiFAICGNEY Rih0 B Ofsi

auxi | i gérli&gé ."@ﬂ%ﬁ%@gﬁ‘gém&are knévﬁwg?o tﬁ?gelcgﬁl I@EI }g% t he Szlalerrt and are
f or exanph eordpmed fobodalent iRerachetson' s Phar maceuti cal Sciences (18th ed.;

for exaimh eoxipd hadalens Ramitison’ s Ph ! : .
s ontlHl PhE i RS ARE AR bl SHRRIRTHE LR U™, BckgLTr onee 1

pr epar i@ ifresponeRart iadight cimplis.sThig réspensitenps iaélufesoshientidaty asiwellldsoi dal gol d
nanoparticle, and non-coval ently adsorbing a |light sensitive nolecule to
the suPh&%‘él B}fang??é)fé’_éﬂ ‘E}OW%}BB%F’@FE such that the light sensitive nolecule
I's 1 mﬂﬁhis'o‘ AEGhrRAs SALSMiRHAL ARE libht RhQUTEREIechIBAoal] bel Aphvidskdiszenhodi ment s,
the step of non-coval ent adsorbing naey conprise .adding a solution of the
| i ght ¢enwmintexyef vasiovs ginbodintentsaths dérut {Rhetasensitides| may epreralyl 1ebr dak gol d
nanoparticl and soni cat i,ng. t. ] .M e f hgurs at a
t enper mo ercgﬁa(r) pr 2lomic’sps 1e€th%g 1&1&864’ £ EHJ)tE&ﬂ%gmggl XeadiSn. I\qsreasBQéfﬁca%y,H

may relate to agents which, when stimulated by light, react with oxygen in the affected
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[0062] In various enbodi nents, the nethod may further conprise the step of
functionalizing the nanoparticle with a targeting noiety. As used herein,

t he ter mwbunctdsessal i zi ng" may be referred to as addi ngPCuscGRo0mad33gr oups
onto the surface of a material by chem cal synthesis nmethods. A functional
group added may be subjected to ordinary synthesis nmethods to attach
virtually any kind of organic conpound onto the surface. Functional groups
are specific groups of atons within nolecules that are responsible for the
char act ghiesitl & pRANES dbacki® Tkl idsh lscules and may al so be used
to covalently | ?nk nol ecul eg)&g%églrsls%fscle%'l Sgg%g‘y&wgﬁesg?cl%aﬁngﬁa?et 8 es,

pr ot ei n%i’,eﬂEM{,fOTQthf oviger thed ippoorsddenicallptrecast tHanrstableviaclieailyr &fygen

appl i cagqg »8S nsi ng. .[ 00 | n these . enbodj mepts, the targeting
noi et y%@%e@g&dzf %‘?\cgldSp 5’%1%% éI;C?lfdgééﬁ]ar‘i/éle iﬁgtegbﬁﬁodinﬁfﬁt%}’%ﬁno\ﬂﬁe t he

met hod, muleeulai axygéieinfeithert dfomawb zich@tadleaRatéBand TR Lk S&nREE{Yi Ng the surface
of the @@%ﬁ@ano%t 'hcl e wth a linker noiety and coupling the targeting

moi ety MPIAES PhRtF@syizens dpcladen byt are nqidimitaditerhypercinePpuofyiat hyl ene

gl ycol ViREshedmifoldllin@4did shdu i ¥ E ivative, such
as car box?@lgEG The ‘I i nker nay&g{@g{oggéggﬁug??égﬁ%(rlggnuct% %gp g?( ﬂgps%zerrpl ary

| i nker sCRfirgc96p Bwaoheasphtyl chBo®5i6 (NPeghoi bassrphptmdirogioplenotd)anthioiker i S

car boxy,ep th lonal izing st further conprises activating the
carbOhRERAN | S OMISLARNS! L SRS COUPEISERLAEL! YAt

et hyl cacttoddphttiode, ( EDG3phaylphdnyigabinexy suasdtatiaphiiend, NHI) ndpRihbiBRyde, }

0- acyl |qs)ourea zrahs an af:%| ve ester, and reacting the active ester wth am no
gr oups ‘ORTERNS I PhsBYY !¢ Brpdhe Aone. Renzestiuile achenarhisasbidyactidine insanger f ace of
the goladridiaeoRtddamine-B,0 dosing) AMRirQEaR] USRESH arg i c/ e. [ 0066] As
used herein, the term ",carobox I 'grroup"J refers ?g&glo% grcouip. Yhe term
"am no 'gFBNdroxgRsaylghipgin y EHPG)y tAldumheract Lovidin, gr Miapvix, NHRmphinex t er ms
"am ne,AzadRVRE % Yen ! » ginclude such groups that have been
esteri fizéldﬁ%;il arﬁlﬁgﬁf?&é@_arﬁ?{%@%ﬁﬁegg and specific groups used to achi eve
esteri fI0&R1 lorvadews embatlifnentat b grhomisenskiremvmayoplodese siafles kkydeni Wpdnhe art and

can readi.ly be.fou in reference sources such as G eene and Wits,
Pr ot ec?1 ?t\llvea%@ (gvd{l)lsa F%ltdo&rﬁﬁ‘i ﬁh“s(; tiewice mayhe gipser ofghlighiermatjing d@sles, New

York, KYEDLI98 light¥ottteinsayi 1666 RavaleBEth BE tRirinde rdrh Sb&RBLS g.\tnyto abQR67]1 The
term"gﬁéer" refers to a class of organic conpounds forned froman acid and

an alc M- 10068] The term "bi oconj ugated gold nanoparticle" refers to a
gold n BRI b eSor@OsBL&d A 1R 1 > coval ent l.inkage. [0069]
Gener af?{ru;, ?a col | oi daP di _é_pe?‘z‘?rg%eogz’a}{r}&g%ﬁgg“ﬁ%ﬁaﬁ“é’sﬁ‘)éﬁfuec“a?‘éﬂ’&@’. @‘ﬁ or a

hy dr opHivengondansigfartbéraempribiag @i targetieg bty phabindy dbsjled &i B8 siiliyecE -

t herno 1 cal | y. t.able i f the dispersion nmedium (or continuous phase)
is aqug%)églgm%gﬁ 1¢ Sg)?ée‘?%e%t he hydrophilic dispersion may be unstable if the

di sper §0054] hettie uontext of vadsuspeeitatinsdiks/ @ ternh BRABprobE” ¥AY baNSIRHRRGI Ment s,

t he ”E%thOd [ray further ,cqn‘gri,se adding a stabilizer prior to“the reacting
step. thi! BHEHEPUw (Gpgcalk devics dat 1 ussdiasm whtcellulpp detestionpbel, Marei um azi de.
[ 0071] sfReifReblly, & dobpric@asety fHalbp&Reled MGk LD, GRIRLSE
perforning a )Fsepa??tni on ?t ep, ]%orc eexarrplﬁg}gé)%eg%gﬁe?eéepg%’ 8iag}l)orsésl’n)ve

unr eactiiTsaEent gheancersuch as EDC and NHS, and/or to renmove the stabilizer.

[0055] In various embodiments, the targeting moiety may be selected from the group

consisting of a small molecule, an antibody, an antigen, an affibody, a peptide, an
aptamer, a cell surface receptor ligand, a nucleic acid, a fibronectin, a protein, a fusion
protein, a peptide, a biotin, and conjugates thereof. Also included as targeting moieties
~ are antibody-like molecules, antibody fragments and antibody derivatives, including but
not limited to single chain antibodies, minibodies, diabodies, lipocalin muteins,
Spiegelmers, and the like. The targeting moiety may also be a chemical moiety, for
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[0072] In various enbodi nents, the targeting noiety is an antibody. The
anti body includes but is not limted to an anti-EG-R (Epi dermal G ow h
Fact or RewepbowipI@at i body or an anti-Her2Neu (Human Epi ¢#emrsai0igroowsshn f act or
Receptor 2) antibody. In other enbodinents, the anti body nmay be any

suitabl e anti body that targets a biomarker for a disease of interest.
[0073] In the nethod of preparing the nanoparticle according to various
enbodi ments, the nanoprobe nay be properly functionalized using PEG and
coval e ] n AN anti - EGFR
affi bog;f/axﬁlggg#n%géeajn%qg%fega?esue?% a%ﬁ?ﬂ? &%‘#“P??K“‘é%ptedc‘t"h@’;n [ rrga?{r% met hod
conpr i shendpemabal mns:t)emaylgeahetahampllenbe and col I ecting i nagl ng data of the

subj ec of. the.subject with t|c

provid Qf%rﬂ Qgﬁ)&fﬁet% ety I"%i'y% Cﬂ‘uTlfI?tE %’d‘g‘%d t?rlg‘ iHg acsey%d[tfeé/ amp d| caI

I magi ng MEIkEHE hbiety. Fonbianfte, @ likahg moRet ﬁayn)e\pelyeﬂdleﬁagnebl @Beyagl ng
nodes. ‘This nethod of imaging nmay include npdes such as positron em ssion

t opogr &Py derdystive dhereqfy dp edlecs rrambogimens: othg kst depiety 15s? WefocaBoRmgnet i ¢

[ eSonanes a&gﬁ&r RRGPPY d@mrt%nn%ﬁn PRAhoB- 2@%&%9%&9@0% agly -fufiRgy exanpl e,
mul ti ¥ gi ng Corbi nes el ements of MRl and PET scans as well as

i magi ngnnbedslmenw thie linkehi xsalooﬂlvepdymnlenu@ asrmpolvlallmm ned,ePIp/ha@eGﬁ arnsi de a
body. ffer ods d to stud i sanme tine;
t her eb alfl‘?e %@‘? bng%%etn RS tldlkgre%aor %’ 8”%81%26“72?.%0% (e)g%larre ar ea,
for ex%fﬂﬁbg,suﬂﬂaﬁﬁﬁaxﬂﬁﬁél dithigl, &bﬁ’é@i}thclaﬁld[dﬂdttheslﬁléechﬂhe conteswe vaiidus Si ze, its
exact location and its metabolic acti vg aﬂ t hen al Ilow for

anal ysic@ibpdiments. Hst 5HB|’ Ithl&étq‘Q)Fttyy oY RYIHEG L‘%F\%X(})’trie 55840 284 1B%8) uati on of
abnor mal jidii-es: ‘@hk&hanges in the function of those tissues as a result of a
condition or a tunmor or any other medical conplication. [0076] |n various
enbodi @457 In viréous rnibediments, tthevbiakdriis WEGrheving anmglepdar yeighty tangivggi ng or ex
Vivo i cal [ [ |.gcted from
he o GUR! BansiTORY R H 3800 raRbl SORE B ob7 'R0 GRS 0
conf oc&PEGE unesiende, 1ﬁclddmRﬂ(b6am/|ayyeso$nch(aabarbmeﬁ’E@ce t onmogr aphy (acn),

Surface Enhanced Ra S ectroscoB%B‘SSERS and a, caﬁl nat.i on t r eof .

[0077] [9978) 2 vayines & SRmIFat (e REORIEhS AR DG THETONR e EBARSAT-oh 1 he

i magi NQ\sAAt@hérSint Hel 18k eAURRITIAI'SASy AeférU8Daviae!dr infol¥ing ¥Rl @nodedle t unor
cell may be a cancer cell or a cancerous cell |ine. [0078] For the i magi ng
met hod nendeldiasi Ay maginkar Thsusme TpwEEsTERES sepsfalbaredeiuto RaligMigPPeRicse and
shape  ghacfighd AR cofl@litns ﬁnshlaaﬂﬁpspn%rmffeest HRal, ProdlogR of kae 1 Mgl ng
usi.ng optical coherence tonograp I magl ng wt i1fred gold

nanopamnf ldelh\esy amdtseé.slnrthdscoatcdt Sh@telrms dmodaites” ihdSmedesd meay brassed i nagi ng

due to.the ose r .fl uoresce ericin. Thus,
changi r’f@}e’idﬁ%‘ Ol?li’ean ng a§eng the roRg Y 8f]§gf1gd% edgl egpyeﬁ g’rrl%qu Wity of
col | oi dadre gqieﬁifga]gy,l éﬁgﬁipn@y cfmdeeplryﬁseeg ephdaurmdscﬁs §RR78 cbRerencei xt h
aspect, a nethod for determ ot odynami ¢ t erap regl menp for a
subj ecfomegaRip of r%‘otfé‘fe@F‘?nor‘illﬂbg%l‘fl*%gt%el"alﬁ@zeﬁebglﬁe‘i’f gakEgldopr Pﬁﬁsﬁl ng data
that has,fRems, g@lu @&ka%swntdaaveQﬁdd%@lsuam&stumggﬁdgrma I mmp@t}& gayt he
nanopr obe of the nanoparticle has been adm ni stered to the subjecCt is
provi deerve Thewjthsedadiphenticel mtaempﬂzex@m;lc pmbgrfandlﬁal;omen@blq@s ofi t h

phot ot he PTT) effgects Vi d pl-a n| c heating effects of the
nanopaPP{"gcTaFgmgﬂgl udedhé e?%hoqmﬁ ﬁ] pf Ifhermal effect” may generally
refer e059] phedorieRpet, as;ﬂﬁﬁhﬁieﬁdcamfdrhlu&itﬁﬁtcbmpﬁgﬂgthemahepﬁrﬁxﬂé onthienvol vi ng
t he photoexcitation of material, resu E in the c%rodqlljction.of t her mal
ener gy NARPERDC aceordingdq therigyenian s pray! ef:’]e hatraqeytisal SAmpRSHoONdA | ood

vessel g8k QBRpril ASIRAmA&IHENRCAREablk 23R erd) Bhd/or AR Rles a5\ HtabRSAenSUr geT Y.
[0080] In a sevent aspect, a nethod for Surface Enhanced Raman

Spect r esxT bpyv1( SERSpe tshléleél i ribgyprigandsarador meample rdepasibed RaykamingteR ity of a
| i ght %’%nr?rlfa:[célyc%aln@mgncgi Brs ek Bt 8o SBRRNY, WiRoITR 6 aafea a

photosen 'zer € nanoparticl’e or t’he nanopro
pr ovi déerein by reference in its entirety.
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[0081] In an eighth aspect, a method of treating cancer in a subject

conpri sing adm ni stering the nanoprobe; and perform ng phot odynam c therapy
on t he supeo12/i3%68pr ovi ded. The phot odynam c t herapy napCEsGRoi1900330

i ncubating the nanoprobe with a tunor cell to allow internalization in the
cell, and upon internalization, illumnating the cell to cause cell death
by reactive oxygen species generated by the light sensitive nolecule of the
nanoprobe. [0082] The term "reactive oxygen species" may be interchangably
referr 6b§1,ﬁ§ccs ANQG0 "B ApSCt, PinetHBH VT oINS 8 nanopiticlk RhpridRkecul es or
ions forne y the 1 nconplete one-el ectron reducti on of oxygen. These

react i vhe stopy @€ pravitieg aeclicda goldmanpparticidcandi nogtcovalentirgadsorbsgpelighti des,

per oxi des,.. hydroxyl . radi cal s d hypochl orous agi eral . reactive
Dy gon SRl Ao g 14 e Sl RO P SRR ol G SEARE G o

r egul ahiobiruRRfis Shgosilizdd anailnikiaonispskigeine expression, and the oxidative
damage to nucleic acids, proteins, and lipids, [[Q083] In nethad. of treating

cancer [06dbfvasigus embedimgnts; the step AhBYN-FRYHEL adsqEbing WRY CUBNEEddRED| ecul e

may be,a,phgh QFehs ii%ﬂtzs%ﬁSitivTehﬁlol’E%ﬁllé Ao R ¥olBB 0P 8SHRAk SRy HART GBbidaD gl 2
receptor 1n or on the surface of the cell. The receptor may, for exanple,
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[0071] Prior to the reacting step, the method may further comprise performing a
separation step, for example a dialysis step, to remove unreacted reactants, such as EDC
and NHS, and/or to remove the stabilizer.
[0072] Ih various embodiments, the targeting moiety is an antibody. The antibody
includes but is not limited to an anti-EGFR (Epidermal Growth Factor Receptdr)
antibody or an anti-Her2Neu (Human Epidermal growth factor Réceptor 2) antibody. In
other embodiments, the antibody may be any suitable antibody that targets a biomarker
for a disease of interest.
[0073] In the method of preparing the nanoparticle according to various embodiments,
the nanoprobe may be properly functionalized using PEG and covalent conjugation of the
anti-EGFR antibody, anti-Her2Neu, or anti-EGFR affibody by amide chemistry.
~ [0074) In a fifth aspect, an imaging method comprising administering the nanoprobe, and
collecting imaging data of the subject or part of the subject with optical multimodality
imaging is provided. '
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[0075] Generally, a.multimodal imaging system is a medical imaging system that
combines optical, radioactive and magnetic imaging modes. This method of imaging may
include modes such as positron emissiop topography, optical fluorescence and
bioluminescence as well as magnetic resonance spectroscopy énc_l single photon emission
tbpography. For example, multimodal imaging combines elements of MRI and PET scans
as well as imaging tests with radioactive elements that illuminate imagery inside a body.
Different methods may be used to study human tissue at the same time; thereby allowing
medical doctors to see multiple aspects of the same area, for example, to see anything
present in that specific tissue: its size, its exact location and its metabolic activity. This
would then allow for analysis of the metabolic activity of surrounding tissues and
evaluation of abnormalities or changes in the function of those tissues as a result of a
condition or a tumor or any other medical complication.
[0076] In various embodiments, the optical multimodality imaging may be in vivo
imaging or ex vivo imaging. Exemplary optical multimodality imaging may be selected
from the group consisting of magnetic resonance imaging, ultrasound imaging, confocal
fluorescence endomicroscopy, optical coherence tomography (OCT), Surface Enhanced
Raman Spectroscopy (SERS) and a combination thereof.
[0077] In various embodiment, the portion of the subject from which the imaging data is
collected comprises a tumor cell. For example, the tumor cell may be a cancer cell or a -
cancerous cell line.
[0078] For the imaging method according to various embodiments, by careful tuning of
size and shape of colloidal gold, the nanoprobe may be used for deep tissue imaging
using optical coherence tomography, NIR imaging with modified gold nanoparticles such
as rods and shells and also fluorescence based imaging due to the photosensitizer
fluorescence, for example, in hypericin. Thus, changing the size and shape of colloidal
gold may enhance the utility of colloidal gold for imaging of deeply seated tumors.
[0079] In a sixth aspect, a method for determining a photodynamic therapy regimen for a
subject, comprising determining the therapy regimen based on imaging data that has been
- collected with optical multimodality imaging after the nanoprobe or thevnanoparticle has
been administered to the subject is provided. The photodynamic therapy (PTD) program
may be coupled with photothermal (PTT) effects provided by plasmonic heating effects
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of the nanoparticle. As used herein, the term “photothermal effect” may generally refer to
a phénomenon associated with electrorhagnetic radiation involving the photoexcitation of
material resulting in the production of thermal energy (heat). PTD may, for example, be
used during treatment of blood vessel lesions, laser resurfacihg, laser hair removal and
laser surgery.
[0080] In a seventh aspect, a method for Surface Enhanced Raman Spectroscopy (SERS)
based imaging using the intrinsic Raman activity of a light sensitive molecule , wherein
~ the light sensitive molecule is a photosensitizer comprised in the nanoparticle or the
~nanoprobe, is provided. '
[0081] In an eighth aspect, a method of treating cancer in a subject comprising
administering the nanoprobe; and performing photodynamic therapy on the subject is
provided. The photodynamic therapy may comprise incubating the nanoprobe with a
tufnor cell to allow internalization in the cell, and upon internalization, illuminating the
cell to cause cell death by reactive oxygen species generated by the light sensitive
molecule of the nanoprobé. '
[0082] The term “reactive oxygen species” may be interchangably referred to as “oxygen
radicals” or “pro-oxidants”, which are molecules or ions formed by the incomplete one-
electron reduction of oxygen. These reactive oxygen intermediates may include singlet
oxygen, superoxides, peroxides, hydroxyl radicals, and hypochlorous acid. Generally, -
reactive oxygen species contribute to the microbicidal activity of phagocytes, regulation
of signai transduction‘and gene expression, and the oxidative damage to nucleic acids,
proteins, and lipids.
[0083] In method of treating cancer according to the various embodiments, the light
sensitive molecule may be a photosensitizer. The method may be based on targeting of a
receptor in or on the surface of the cell. The receptor may, for exémple, be selected from
the group consisting of an integrin, a somatostatin receptor, an epidermal growth factor
receptor (EGFR), a Her-2/neu receptor, a glucose transporter (GLUT), a folate receptor,
and a steroid receptor.
[0084] In the context of various embodiments, the term “about” or “approximately” as
applied to a numeric value encompasses the exact value and a variance of +/- 5% of the
value.
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[0085] The phrase “at least substantially” may include “exactly” and a variance of +/- 5%
thereof. As an example and not limitation, the phrase “A is at least substantially the same
as B” may encompass embodiments where A is exactly the same as B, or where A may
be within a variance of +/- 5%, for example of a value, of B, or vice versa.

[.0086] In order that the invention may be readily understood and put into practical effect,
particular embodiments will now be described by way of examples and not limitations,

and with reference to the figures.

Exampl_es

[0087] Bioconjugated nanosensitizers or nanoprobes such as optical and therapeutic
probes for the detection, monitoring and treatment of cancer are explored. Various studies
are carried out with hypericin immobilized onto the gold nanoparticle surface by
hydrophobic and non-covalent interactions. Such hydrophobic and non—covaleht
interactions may retain the activity of hypericin unaltered, as there is no structural change‘ '
involved in the adsorption process. This is an approach for the delivery of hypericin using
gold nanoparticles as a carrier.
[0088] Moreover, surface of gold nanoparticle may be functionalized in the desired way.
Here, the gold surface is pegylated with bifunctional PEG of which one end is covalently -
attached to gold and other end is available for functionalization that is used for attaching
antibody for targeting. Targeting reduces the toxicity of the drug by increasing
selectivity. Hence, targeted nanoparticles carrying load of photosensitizer When used for
in vivo or in vitro (i.e., ex vivo) studies selectively accumulate in the tumor cells. Upon
internalization of the nanoparticles with péyload by illumination with appropriate
wavelength, tumor cells undergo cell death by the reactive oxygen species generated by
the photosensitizer.
[0089] In addition to the therapeutic effects, the nanoprobes may be developed as optical
probes for multi-modality in vivo optical imaging technology such as in vivo 3D confocal
~ fluorescence endomicroscopic imaging, optical coherence tomography (OCT) with
improved optical contrast using nano-gold and Surface Enhanced Raman Scattering
(SERS) based imaging and bio-sensing. These techniques may be used in tandem or
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independently as in vivo optical biopsy techniques to specifically detect and monitor
speéiﬁc cancer cells in vivo. Such nandprobe—based optical biopsy imaging technique has
the potential to provide an. alternative to tissue biopsy and will enable clinicians, for
e;xample, medical doctors to make real-time diagnosis, determine surgical margins during
operative procedures and perform targeted treatment of cancers.

[0090] Generally, gold nanoparticles Based drug delivery, for example, in PDT has
advantages such as reduced toxicity, ability to surface functionalize and bioconjugate,
tenability of size and shape, photothermal effects and imaging cajaability in multimodal
platforms. _

[0091] In the following examples, the use of antibody conjugated hypericin loaded GNPs
(nanoprobes) for multi-modality optical diagnostic imaging and therapy of cancer is
studied. The conjugation of photosensitizer to GNP results in improved effectiveness of
destroyir_ig tumor cells. This combination of nanotechnology and photodynamic therapy
may provide impetus to widen its scope as an alternative method for multimodalify

imaging and treatment of cancer.

Scheme for constructing multimodality hypericin-gold theraganostic probe

[0092] Figure 1 shows a schematic diagram of the scheme for constructing or preparing a -
multimodality hypericin-gold theraganostic probe by non-covalent absorption of
hypericiﬁ on colloidal gold. This scheme may be general for any hydrophoic PDT drug.
[0093) Various components to the hypericin-gold theragnostic probe attribufe to different
functions. Appropriate antibody conjugation allows for selectivity to cancer cells. By
selection of gold concentration, particle size and shape, drug loading may be controlled.
In the scheme, the ability to load the drug on to gold without chemical modification
allows for unaltered therapeutic activity. The intrinsic fluorescence of the drug provides
for optical ifnaging by confocal endomicroscopy, while the gold nanoparticle provides for
optical coherence tomography. The intrinsically high Raman cross-section of the
~ photosensitizer allows for Surface Enhanced Raman Spectroscopy (SERS).

[0094] Table 1 shows the role of different entities in the PDT drug delivery system as
seen in the scheme of Figure 1. | '
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[0065] Table 1

Entity Representation ' Roles

Gold nanoparticle * Imaging v

* Hyperthermic Effect

» SERS Activity

. Multiplexing capability

= No toxicity

Hypericin T OH O OH *  Photo Dynanimc drug
. : »  SERS reporter

PEG *  Protection of Au

Meo\/f\o(\,O SH | = Stabilization of SERS
' no * End group for

bioconjugation
HOOC\/\O(\,O)/\,SH * No Biofouling
n

* Reduced toxicity

Antibody (e.g., = Active Targeting

Anti-HER-2  neu -““%1

or Anti-EGFR)

[0096] Photodynamic therapy of cancer is governed by the drug molecule, while

photothermal treatment after optical biopsy is attributed to the gold nanoparticles.
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Methodology

[0097] General steps involved in the prepartion of a hypericin-gold theragnostic probe

are as follow:

Step 1.  Synthesis of gold nanoparticles of appropriate size and shape using UV
spectroscopy and transmission electron microscopy (TEM)- for Surface Plasmon

Resonance (SPR) and size characterization;

Step 2. - Immobilization of hypericin on gold nanoparticles using UV spectroscopy to
ensure that gold is not aggregated, and SERS to ensure hypericin is attached to

nanoparticles.

Step3.  PEGylation of gold nanoparticle + hypericin complex using polyethylehe
glycol (PEG) with desired functionalities.

Step4.  Activation of the carboxy end groups on the carboxy PEG with EDC [N-(3-
dimethylaminopropyl)-N’ ethylcarbodiimide] and NHS [N-Hydroxysuccinimide] and
dialysis of activated gold nanoparticles + hypericin + PEG complex to remove unreacted -

EDC and NHS.

Step5.  Bioconjugation of the antibody to the active ester intermediate for successful

attachment of antibody for targeting .

Step 6. Purification of the biconjugated gold nanoparticles loaded with
photosensitizer, to remove unreacted antibody by centrifugation using UV spectroscopy
for ensuring no aggregation, and SERS to ensure hypericin is still attached to gold even

after pegylation and rigorous centrifugation steps involved in purification.

Step 7.  Incubation of bioconjugated nanoparticles with tumor cells to allow the
nanoparticles to internalize in the cells.
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[0098] Preparation of GNPs: All the glassware are washed with aqua regia (3 HCL: 1
HNO3) and thoroughly rinsed with milli q water and oven dried to remove artifical
nucleation sites. Briefly, a 200 ml solution of 0.259mM tetrachloroauric acid (HAuCly) is
Brought to about 90°C before a 3 ml solution of 34mM trisodium citrate is added rapidly
- to the HAuCl, solution, while maintaining vigorous stirring throughout the process. The
mixture is heated continuously at about 90°C for about the next 10 mins under stirring
~ before a color change from gray to ruby red (or burgundy) is observed, indicating the
formation of the GNPs. Intermediate colour changes of gray to black to purple before
arriving at ruby red may also be observed. Thereafter, heating is stopped while continuing
stirring and solution is made up to final volume of 200 ml with milli q water, stored in a
bottle and protected from light. Particles are stable under refrigeratration conditions for a
périod of about 8 months. UV absorbance is recorded and particle size is characterized by
TEM analysis. By this preparation procedure, particles of about 40 nm in size are
obtained.
[0099] Immobilization of Hypericin: 500 ul of 100 mM hypericin in DMSO is added
drop wise to 5 ml GNP solution and sonicated for about 2 hours at about 20 °C.
Sonication may be carried out with occasional -cooling of a bath. A SERS spectrum
analysis may be used to confirme the immobilization of hypericin on the GNP. -
[00100] Pegylation: Hypericin immobilized GNPs (about 5 ml) are pegylated using
1uM of heterofunctional PEG (PEG-SH-COOH, 3000 kDa) by vigorous mixing for 15
mins followed by the addition of about 3 ml, 10 uM HS-PEG-OMe (500‘0 kDa) undér
constant stirring for about 30 mins for complete coverage. After complete pegylation,
excess PEG is removed by centrifugation and resuspension in phosphate-buffered saline
(PBS pH 7.4). The centrifugation may be carried out in 3 rounds.. UV measurements are
carried out indicating no aggregation and SERS spectrum shows the presence of
hypericin evén after the rigorous centrifugation steps.
[00101] Bioconjugation of the anti-EGFR: About 5 ml of resuspended pegylated
. GNPs is treated with 40mg/ml N-(3-dimethylaminopropyl)-N’ ethylcarbodiimide (EDC)
and 110mg/ml N-hydroxysuccinimide (NHS) by vigorous mixing for about 15 mins at
room temperature to form an active ester. Unreacted EDC and NHS are removed by
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filtering using Nanosep filters. 200mg/ml anti-EGFR antibody (Santacruz, USA) is then
added and incubated for about 2 hours at about 4 °C. Unconjugated antibodies are
removed by filtering with Nanosep filters. Antibodies may be dialyzed to remove sodium
azide that has been used as a stabilizer prior to the addition to the active ester. Dialysis is
éarried out using spectrapor dialysis membranes with appropriate molecular weight cut
off.
[00102] Characterization of nanoprobes: The particle size of the nanoprobes is
determined by scanning electron microscopy (JEOL, JSM-5200, J aj)an) and their UV-Vis
extinction spectrum was characterized using a UV—Vis spectrophotometer (Shimadzu
UV-2401 PC). |
[00103] SERS measurements: The SERS characterization of the nanoprobe is carried
out by Renishaw InVia Raman (UK) microscope system having an excitation laser at 633
nm. About 20 pl of the nanoprobe solution containing at least 2.6 x 10" particles/ml is
- placed on a glass slide and covered with a cover slip to perform Raman measurements. |
[00104] Cell culture: A-431, a human epidermoid carcinoma cell line over expressing‘
wild-type EGFR, is obtained from American Type Culture Collection (ATCC). The cells
are cultured as a monolayer in Dulbecco's Modified Eagle Medium (DMEM) medium
supplemented with 10% fetal bovine serum,1% non-essential amino acids (Gibco, USA),
1% sodium pyruvate (Gibco, USA), 100 units ml-1 penicillin/streptomycin (Gibco, :
USA) and incubated at about 37 °C, 95% humidity and 5% CO,. Tumor cells may be
trypsinizéd to remove the adhesive cell culture and cell count may be performed with
trypan blue and hemocytometer.
[00105] Cell localization studies: Targeting and localization bof the nanoprobes to
cellular receptors is assessed using dark field cbntrast imaging and confocal fluorescence
microscopy. Briefly, A-431 cells are incubated with the nanoprobes for about 3 hours at
about 37°C:. The cells are then washed in PBS, fixed in 2% paraformaldehyde for about
10 mins and mounted in Vectashield fluorescent mounting medium (Vector Laboratories,
Burlingame, CA). The cells are visualized via dark field illumination system (CytoViva,
. Aubum, AL) attached to a Nikon Eclipse 80i microscope. The in-vitro localization of the
nanoprobes is also assessed by exciting the cells using a 488 nm argon laser.
Fluorescence emission in the wavelength range of 590-630 nm is split by a dichroic filter
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and detected through a band pass filter (BP-610 nm; Omega Optical, Brattleboro, VT).
Posf—capture image analysis is performed using Image] 1.42q (National Institutes of
Health) software.
[00106] Toxicity assay: To assess the cell viability, A-431 cells are counted and
s‘eeded at 5 x 10° cells pef well into 96-well plates and allowed to adhere for about 24
hours at about 37°C. Cells are treated with Varibus concentrations (2-20 uM) of
nanoprobes for about 24 hours in triplicates. Thereafter, medium is decanted and a
- colorimetric cell viability MTT assay is performed according to the manufacturer’s
protocol (in-vitro toxicology assay Kkit, TOX-1, Sigma). Briefly, about 150 ul of MTT
reconstituted in Hanks Balanced Salt Solution (HBSS) is added into each well and
incubated for about 2 hours at about 37°C. About 150 ul of solubilisation solution is
added to dissolve the MTT formazan crystals. Absorbance is measured at 570 nm using
630 nm és the reference filter. Absorbance given by untreated cells is taken as 100% cell
growth. |
{00107] In-vitro photbdynamic therapy (PDT): A-431 cells are seeded at 2 x 10*
cells per well into 8-well chambered slides and allowed to adhere overnight at about
37°C. The culture medium is then removed and replaced with fresh serum free medium
with different concentrations of nanoprobe (5-10 uM). After about 3 hours of incubation,
the medium is again replaced by fresh medium and the cells are irradiated at a fluence of -
1 J/em®. Following incubation in the dark for about 18 hours, the irradiated cells are
evaluated for apoptosis and necrosis using the PromoKine Apoptotic/Necrotic/Healthy
Cells Detection Kit (Heidelberg, Germany). |
[00108] In vitro photothermal cell studies: To assess the photothermal effect (PTT)
of the GNPs used in the nanoprobes, the cells are incubated with medium containing
different concentrations (5-10 uM) of EGFR antibody conjugated GNPs (without
hypericin) for 45 mins. Following, incubations cells are irradiated at a fluence of 1 J/cm?>.
After about 18 hours of i'ncubat_ion, the PTT treated cells are assessed for apoptotic and
necrotic cell death using the Promokine apoptotic and necrotic cell detection kit

(Heidelberg, Germany).
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Exarhple 1: SEM of nanoprobes

[00109] The SEM image of the synthesized GNPs is shown in Figure 2a. The image
shows that the particles are spherical and with an average diameter of 40 nm. The
absorption maxima of GNPs are located at 528 nm (Figure 2b) which corresponds to the

surface plasmon resonance typical of GNPs of that size.

Example 2: SERS measurement of hypericin nanoprobe

[00110] The key property for any nanoprobe for targeted PDT would be the ability to
load enough quantity of photosensitizer on to the gold nanoparticle surface without losing
its activity. The best method for loading a compound without losing the activity would be
via non éovalent interactions which will eliminate the need of chemical modification of
the drug molecule. Surface spectroscopy techniques may be used to study such a loadingv
of photosensitizer.
[00111] The SERS technique allows to monitor the hypericin behavior in the complex
Via a strong enhancement of the intensity of Raman signal from hypericin vibrations and
the quenching of its fluorescence caused by proximity of this molecule to the GNP. SERS -
may be used as characterization technique to provide proof of hypercine incorporation in
the Hypeﬁcin—Au-EGFR construct.
[00112] Figure 3 shows a SERS spectrum of Hypericin-Au-EGFR theragnostic probe
recorded at 633nm laser with power of 3.15 mW under physiological conditions using
10s acquisition time. The SERS spectrum of the construct shows envelop of signals
typical of hypercine between 1000 and 1500 cm™. These peaks are the Raman scattering
of hypericin that is enhanced by the gold nanoparticle to which the hypericin is attached
to. From this spectrum it nay be concluded that, hypericin is immobilized on the gold
nanoparticles. The strong SERS spectrum of hypericin in Hypericin-Au-EGFR indicate
~ the possibility of SERS based biosensing, for example, SERS based imaging using the

probe for cancer detection.
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Met hodol ogy [0097] General steps involved in the prepartion of a

hyperi cin-gol d theragnostic probe are as follow. Step 1.Synthesis of gold

nanopar t iwbes120i39@ppr opri at e si ze and shape usi ng W spectrseeiapgoiand

transm ssion el ectron mcroscopy (TEM for Surface Pl asnmon Resonance (SPR)

and size characterization; Step 2.1 muobilization of hypericin on gold

nanoparticles using UV spectroscopy to ensure that gold is not aggregated,

and SERS to ensure hypericin is attached to nanoparticles. Step

3. PEGyl ati on of gold nanoparticle + hypericin conplex using polyethylene

gl ycol (PEG; mnth de5|red functionalities. Step 4.Activation of the carboxy
¢ 3 itodpén PR oleDC [ N- (3- di net hyl am nopropyl) - N -

ethylcarbod||n1de] and NHS [ N-Hydr oxysucci ni m de] and dial ysis of activated

gol d nanoparticles + hypericin + PEG conplex to renove unreacted EDC and

NHS. St{eq113] Bilacaty ugadaliesionl étheadREGIFRAY labellddnehpsehicMeGRPL €5hdwit er medi at e

for successful attachnment of antibody for tar?etlng ’
internalization of the partlcles within about 3 hours in A-431 epidermoid cancer cells via

dark field microscopy.
[00114]  Figures 4a(i) and 4a(ii) show dark field microscope images of control A-431 -
cells with no particles. Figures 4b(i) to 4b(iii) show dark field microscope images of A-
431 cells with bioconjugated nanoparticles with hypericin. Figures 4c(i) to 4c(iii) show
dark field microscope images of A-431 cells with pegylated nanoparticles with hypericin.
Figures 4d(i) and 4d(ii) show dark field microscope images of A-431 cells with pegylated
gold nanoparticles with hypericin. Each image in Figure 4 is viewed at a different part of
the respéctive sample. This clearly indicates the selective targeting of nanoprobe to the
EGFR over expressing cancer cells.
[00115]  Better optical contrast in OCT imaging using nanogold' constructs compared
to other colloidal samples is demonstrated. Figure 5a shows OCT m-scans of (i) colloidal
suspension of nanogold; (ii) 1% Intralipid used to mimic tissue scattering; (iii) colloidal
suspension of naked 302 nm silica nanoparticles (2 x 10'" particles/ml); and (iv) saline as
a negative control. The range of scanning depth shown is 200 pm with the bright signal -
from thie top reflective layer attributed to the reflective glass slide.
[00116] " The OCT ‘. m-scan of the colloidal suspension of nanogold gives a
comparatively higher level of back reflectance (Figure 5a(i)) as compared to other
colloidal samples (Figures 5a(ii)-5a(iv)). This highef level of back reflectance would
facilitate better optical contrast in OCT imaging using nanogold constructs.
[00117])  Figure 5b shows OCT contrast agent on cancer cells with nanogold hypericin
with (i) EGFR fluorescence image; (ii) reflectance image of nanogold-hypericin; and (iii)
combined images. Using various kinds of images, the OCT contrast agent on cancer cells
with nanogold hypericin is apparent.

. [00118]  As another example, Figure Sc shows OCT reflectance based confocal image
of A-431 EGEFR positive cancer cells incubated with anti-EGFR labelled hypericin-GNP.

[00119]  Figure 6 shows another example of OCT reflectance based confocal images
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Step 6. Purification of the biconjugated gold nanoparticles |oaded with

phot osensitizer, to renove unreacted anti body by centrifugation using W
spect r oscwuPRIf201396Aasuri ng no aggregati on, and SERS t 0 eRSUSG20WMPEI3BCIi N i S
still attached to gold even after pegylation and rigorous centrifugation
steps involved in purification. Step 7.Incubation of bioconjugated
nanoparticles with tunor cells to allow the nanoparticles to internalize in
the cells. 100981 Preparation of GNPs: Al the glassware are washed with

aqua reg : ) r AT dwth. mlli g water and
oven df(lgegNg% t@rﬁgeera |fic%g O%‘Eclcgg%?o%eussigoes?ar ri“él*hl ;r/l,oméalzblﬁn?ﬂ sol ution
of 0. 25%mdblas (INHEB) cellsancubeted wiitth ap i GHRI JabeBedtiypuadin-GNP.about 90C before a
3 m solution of 34nMtrisodiumcitrate is added rapidly to the HAuCl4
solution, while maintaining vigorous stirring throughout the process. The
m xture_ i s heated contjnuqusly at about 90C for about the next 10 m ns
under Sﬁﬁﬂﬂn%iﬁggéht o HyPerio Ay ek 1y facrenostcprobmipy umer cells bur gundy) i s
observed, indicating the formation of the GNPs. |nternediate col our changes
of gray to black to purple before arriving at ruby red may al so be

obser vdB012pher Bl setactivihiateraligation ofithipHeperivii-Ae-EGIR themgngstiztprobe byg and

| utiqp i s, sRd tinal f.1200 ith milli g d i
2 bort ¢ RAb TR rRe By bsfiftent B Padet Bitdhe Pfreli ok T *1 07 11

ref ri genalysiatAfr abontdRthooRSf heioprotRardattendfpastddstar8foimd td1Be predénfisor bance
i's recogdea and particle. size is characterized bMTEM analysis. By this
pr epar 489 67! sYoeReMrad ey @pReassas fark spefe under FEM anglyss, aaseshopmaimed.

[ 00991 FigrRbyd dnddbidepicthg dYRRA GillvecRAR Pa-f1 FPQ MM hypericin in DVBO is
added drlpp V\_/iasél to Sﬂlﬁﬂ gGNP_soI Ution and soricated for about 2 hours at
about Jd0is@otigwhihaindiyiuabyaridecay welbds custensiactnnvdatad iio el cytpidsimnef of a

bat h. SER lysli s nay.b dto confirme the inmobilization
of hyp'e%lFl cl ?r gﬁﬁ%%éﬂwlt%ﬁﬂ?jﬁﬁ-ég% at i ony r%p%‘ré‘?: FHe O SIEPPTYed aNPs
(about (Gntrdajedacetispagysueli deatures nge hpfibedf inh diee TBMI AE4LY 96 @hd&?EGe (REe SH COOH,
3000 Ingaa..bI}/ vigorous mxing for 15 mns followed by the addition of about
3 n, 1B"P19Y%2 HS- PEG- OMe (5000 | (Da) under constant stirring for about 30
m ns f geo12eNP! EbRo6&Y hé@A8ypefitincAu-FORN QlcateRC At AR slﬁiwse%%é?glﬁ IS
renoved by centrifugation and resuspension in phosphate-bufféred saline
(PBS plﬂuvr.e&)encerfremct%ﬂtcwtomg@t This ehagrviieoncimdicetes selattivierin@rmabitbs. of UV

measur %Qﬁén-@\rﬁ@ﬁﬁrﬂ i QI'I'tTEfI\}i'qlh& @Eéﬂ%s”&ufe%@é ?&%&b)%rqcig‘nrgless% or%pept rum
shows t presence of hypericin even after € rigorous centtifugati on

st eps. insidg0the TtoBlaswo Spclyatprore Diferhdlzatiort andE@Rdg: reasdishonldrbnabie thesuspended

pegyl ated GNPS.is tr e . th 40ng/.nl .N- ( 3-di met hyl am nopropyl)- N

et hyl cé‘?‘@fﬁ%‘fq Prfdiz)s‘ﬁ( @%@%‘e }r‘# fﬁﬁrﬁ%o t‘ﬂ%ﬁb&)}%’ﬂ‘é‘@?ﬁ%ﬁﬁ%ﬁ?ﬂ%ﬁ By vi gor ous
m Xi ngtkameapout 15 mins at roomtenperature to forman active ester.
Unreacted EDC and NHS are renoved by filtering using Nanosep filters.
200ng/ mL anti - EGFR anti body (Santacruz, USA) is then added and incubated
for abeyimgle ROH-$itrd8lupBROYE ndhofrobNCONj Ugat ed anti bodi es are renoved by
filtering Wih Nanosep fi1lters. Antibodies nay be dialyzed to renove sodi um
azi de that has been used as a stabilizer prior to the addition to the

active r. Dialysiks 1s carried out. usin ctrapor  dial ysi. nmbr anes
o n alEE: ChiRielPhinRerEamicieditis Sied O SRSV ERRHdeEN ot Fon of
nanopr phehypefibia qdr Ai4Gll @cBs reated witheHypRAcHr AREEGHRS tHéRlRsstic Rebddibr sCanni ng
el ectron m cgoscog&gg’q JSM 5200, Japan) and their_ UV-Vis extinction
spect r BRAYLShES P vsiglesisal RPAatqny. pwclpspeint fiestseence Samadzu

UV- 240%itRf@the cell in both the cases (Figures 8a and 8b), indicating that hypericin delivery is

achieved by the Hyp‘ercin-Au-EGFR probe. This also shows that after the nanoprobe is
~ internalized by the cell lines, hypercin is released in side the cells. This will be ideal for a

probe for diagnosis and therapy.
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[ 00103] SERS neasurenents: The SERS characterization of the nanoprobe is
carried out by Renishaw I nVia Raman (UK) m croscope system havi ng an
excitati onolzapaIess 633 nm About 20 pi of the nanopr obePswiSGRiaNOE3Nt ai ni ng
at least 2.6 x 101 particles/m is placed on a glass slide and covered with
a cover slip to perform Raman neasurenents. [00104] Cell culture: A-431, a
human epi dernoid carcinona cell |ine over expressing wld-type EGFR, is
obtai ned from Ameri can Type Culture Collection (ATCC). The cells are

cul tur a ponol r.imn. bulbecco’ s Mdified.Eagle Mdi DVEM nedi um
suppl eﬁgg?%(!i W lﬁgfggf)fg L ISR Gl e %Fﬁ'@’g@e‘?ﬁ%ﬁ(ﬁl &;P?épﬁﬂmﬁti ds
( G bco, GNBAYhelel%w sl ditiHIGRR afvdtabotG howrs indSBitionldQildéndsbéssedl 1d Figure

penicillin/styrept cin. (G hco, USA) and i ncubated at about 37 C,_ 95%

humi di t%}” gﬁoefge&/f @%ﬁ}’peﬂg% uE R, iy ggmppsispn yrt hypsaeintalonedmeNE2 Bl adhesi ve
cel | cUldeyisestaiel. Tk leelfOdhBlvs RRUnd By pRALH HUFRL c Mt hwii i

henocyt onet er . [0018%] Cel I? I o%al I zatli g% st ﬁ%ﬁcg’&ﬁl%'%%gg?m g gﬁggd

| ocal i zatthencysgplasie ‘Rl owtentiy's of dyperidin|fluorgseaept btlewing asskamadofisi ng dar k

field d i i c cal .fl.uorescence, mi.crosco Briefly, A-431
cells gﬁg&:ﬁﬁ@hgg?gsgé@m&? ﬁ&)tq?f’ea%r?at%olg?ugﬁlé%g ghgrcea‘f)gbtp %8\5‘?%‘%%%&1 37C. The
cel | s &BNPtchgngaaigade Ob). PBS, fixed in 2% par af or mal dehyde for about 10

m ns and nounted in Vectashield fluorescent nounting nedi um (Vector
Laboratories, Burlingane, CA). The cells are visualized via dark field

T um rBtahd e Mok GédyoVi va, Auburn, AL) attached to a N kon Eclipse 80i
m croscope. The in-vitro localization of the nanoprobes is al so assessed by
exciting the cells using a 488 nmargon | aser. Fluorescence em ssion in the

| . 590. i s. sl a dichrai ¢ fil.t d det ect ed
thr ough 2l Euaiop 8P PBOR ol bt EMFLA &b HetfE Wy
Post - capighthetokivagenanaipysid o irgupsiohoviteypesicingaldnengleweiterd2dl ¢ibbitityonal

| nstitut.es of, Health oftware. [00106] Toxicity assay: To assess the cell
vi abi | i° ﬁori\-‘h%“l%‘@‘% é)?’é‘?"é“\’%%tu?&“%ﬁ“%ﬁlfal‘% 8@&8&0 a0 gl\”x&)i[@ge d8)14s ger wel |

I Nt 0 9GoH&htratiinadfabe ANUEGFROWBEHIIR AINRER Rl theRah sBéht lBUESeah bout 37C.
Cells are treated with varjious concentrations (2-20 p,M of nanoprobes for
about 2#bigy pEthe gells Gommagedite dyperiser dae er, medi um i s decanted and a
colorinmetric cell viability MIT assay is perforned according to the
manuf-acturer's protocol (in-vitro toxicology assay kit, TOX-1, Signa).

Bri ef | \Exambleiik PDIuspig hypeidif-gpllcloGER ithiens gndstiaprbbaninseBalhomnodd Sal t Sol uti on
(HBSS) is added into each well and incubated for about 2 hours at about
37C. About 150 pl of solubili'sation solution is added to dissolve the MIT

f or maz 400128) st Afts. esthbHsHifa tdReintesnaliR@iin Al @lliveriOcdpabiliedf B9Perim-as t he

ref erence éii ter. Absorbance given by untreated cells is taken as 100% cel |
gr owt h AUrBGTR Probenthsithsapeytie Polgpial ot the prabapy compring APBTexpatimentar e seeded
at 2 Xifd @4efflat $n0R8I is"&lalidddl OHSpHRIA-AGHATIE 2cheSiddI€i0a0 dnRLAR to
adhere overni ght at about 37C e culture mediumis then renoved and

r epl ac&upsgicim arfer imgwbatadr withfA-¢é1 resli lines vibt hbalitffbenen? hoerscendt PBT ions of
nanopr . i ut  3.hou f..1pC i.on, the nedjymis again
repl acg u)%é?rju glggwrlr)éol E%ﬁﬁgenxgﬁg e Ca “sYﬁ‘?ﬁ @gﬁtrff‘és'g?@?éaias‘fs echﬂg‘?ge of 1

J/ cnR. ufiog h ovafcal iflnorebaniomidroscopyewithdiffdrentiab bokinglf8r Rgpptcsis ihlageehr r adi at ed

cells ?re %\éal(ggt el/gli fgr a Q%i%lsi s .and necrosis using the PronpKine
Apopt ot PSPNEUFOLY dh-&arte ﬁg‘” 9 ge c‘fq"Eﬂ‘T‘SKPtreéjl(-%ﬁ MBebgthe dighteiny ) |
[ 00108}hade indidated IR ezhh@ﬁrm@dé) o@kdesSthe PDaSeffel assess the phot ot her nal

effect (PTT) of the GNPs used in the nanoprobes, the cells are incubated
with 126h c dvguas Al nhows pordpcah dluetshesaps magrpenepy (Bag® afikh expfosBERR ant i body

conj ug P i hyper hcin: : i ns... Fol N i ncubat i ons

col | o BRI el DUPEINE kel Qi IR LR LA PorbiBliP e ot

i ncubaproba, (b} hlypéticin Rrieds 6 Hypletisinad eMa{deHspdicirns |0 [E)OHSeri2fid8 necr ot i c
cell death.uysing.t Pro i apoptotic. necrotic cell detection Kit

( Hei deP@QEBE@'gﬂBH@HM’ @g‘ﬁ%eleceﬁ.s ?rgﬁﬁflll Wftﬁﬂgﬂ’ﬁf}?‘&%‘éﬁq@dﬁf%ﬂ(’?ﬁ% SEM i mage
of thepsyabéfes PIBT ) A4 heWe cdrtroftrdts EwhR no pAkicledge shows that the
particles are spherical and with an average di aneter of 40 nm The
absorption naxi ma of G\Ps are | oca®d at 528 nm (Figure 2b) which
corresponds to the surface plasnon resonance typical of G\Ps of that size.
Exanpl e 2: SERS neasurenent of hypericin nanoprobe 1001101 The key property
for any nanoprobe for targeted PDT would be the ability to | oad enough
quantity of photosensitizer on to the gold nanoparticle surface w thout
losing its activity. The best method for | oading a conpound wi thout | osing
the activity would be via non covalent interactions which will elimnate

t he need of chem cal nodification of the drug nol ecul e. Surface

v . B D




1001111 The SERS technique allows to nonitor the hypericin behavior in the
conplex via a strong enhancenent of the intensity of Raman signal from
hyperi ci rwoi2br2aspesss and t he quenching of its fl uorescemrce/SGaus®dolddy
proximty of this nolecule to the G\N\P. SERS may be used as characterization
t echni que to provide proof of hyper ci ne i ncorporation in the
Hyperi ci n- Au- EGFR construct. [00112] Figure 3 shows a SERS spectrum of
Hyperi ci n- Au- EGFR theragnostl c probe recorded at 633nm |l aser with power of
3.15 er physial [ u g a The
SERS gg(yog?ﬂum‘ogfél émg%{ns sh%fws Qgﬁvz?%pmél c%lsgn srﬁgt"gélgcr‘%@:ﬂe
hyper Cth&ﬂagh@dtiﬁ@ﬁﬂbelﬂﬂﬁcaminﬂzﬁ{Bnm bf aptyesds peak thearase 2 heMRapariciscat t er i ng
of hyper|C|n that is en t he d napa ich .the
hyper i &ft# PRTad g&cﬂé’d"st E‘at YBFﬁ‘ IpAD- @%gtt ﬁ‘i’ ?a&?[ifygooge ChePREEE t hat |
hyperi giifining ils"PPlefdietheRAsihp Qnﬁ)ﬁhﬁofm@gﬂaﬁﬂ da@beRScell Tdwathstia AlREroSERS
spectrum of "hypericin in Hypericin-Au R indicate the possibility of SERS
based dum@h@irmg shéwn imthengointrol smprEmsasdn Figuies hip 19sl HgCompasepid f or
cancer det ect [00113]
vt PO St 95, | AR s lioHlabisdn RER e BETOR: The TRPGRAR DR
inter nEGFqurbl@masafppbm tpaned:mmk estheionhy patlsbgufor hehmpllrdsathnn theddserspi der noi d
cancer eI I % ‘L‘B d m Croscopy. [ 00114] Figures 4a(i) and 4da(ii)
show d&tk %‘l‘ 3&%%@8% BPScontrol A-431 cells with no particles.
Fi gures 4b(|) to 4b(| ii) show dark field mcroscope i mages of A431 cells
wi th bi oconj ugated nanoparticles with hypericin. Figures 4c(i) to 4c(iii)
show d Hellideath sreghanismpeftes LIV angd BN ce| | s with pegyl at ed
nanoparticles with hypericin. Figures 4d(i) and 4d(ii) show dark field
m croscope i mages of A-431 cells with pegylated gold nanoparticles with
hyper i ¢0(l128]EaclIhelmmgxm1sm oFigludeatiy bpth aﬁleel?@af aad Pa'TdISfSﬂ@n@mftepabﬁtut éf the

nanopr DR IBOPRETER BOGR erpialed hGCHGA P Af) ECREBAERE WP Oy ca

contr a%sFédﬁvQS;T ThéRell Gndisid 1 Both adpopobid apdnstrodizt llcemgaled and Rither
col | oi da

|l es is denonstrated. Figure 5a shows CI(‘T (i)
col | oi awur%%ﬁ@ﬁ@lceﬁfO%l magfoRfoh ¢ 1 (:Plis)unf%gpmgragpptﬁ?lﬂ é’g%catt‘éfpﬁﬁ ﬁ’f’c tissue
scatt eéﬂl?g ’en&fdléd) arg: mln)g'ng@xjom§ a%ps‘ﬁe%%@ 08¢ 1ipRKL chadd Zodivitedli Byl tha whagopar ticl es

(2 x1 particles |v sal i'ne as a negative control. The range
of scaanbwpfodlepity (8hBWA ané(lﬂ(l’d"Tngthlhelb’he bright signal fromthe top

refl ecﬁ%(ﬁa?i]ay‘%éﬂ ?%1 ;t\régq)u Sd, 0 ﬂué}gsceﬁjfé] 15039 é’tﬁlcrj@' otid ¢eH€ in %&Qﬂ'%@] The OCT

m scan suspensron o anogo es a conpdratively higher
| evel @fndiack pefshaidgietne Eigued obahe )o)lteasleaﬂnmﬁrth@l ctls adhethidiaml oi dal

| F 5 gh t
woul d* Patpies Tl spaststoRpes ity il huatksCotie CHE Temegiast SLerl P HERogo0! d
constr lﬂggthér folIOQ ik BTt %'x'h aé@t&ﬁwsasggwﬁqmwg@sés B@%ﬂﬂ 198, &@%ﬁt@’elﬁel s with

nanogol & hypericin with (i) EG-R fluorescence i nag % refl ectance i mage
of nan@g@g dhﬁﬁqrp@rqomwtraam of jan{i- )’ECI,FM@M%&PW%W‘““LEN gaWa%qt‘oﬁg Ri nds of
i mages OCT contrast agent on cancer cells with nanogold hypericin is
appar er'?{ _

Discussion

[00130] Development of a nanoprobe, combining nahotechnology and photodynamic
therapy, for targeted delivery of photosensitizer and multimodality imaging and therapy
is carried out. Nanoparticles represent emerging photosensitizer carriers that may
overcome most of the shortcomings of conventional photosensitizers, for example, for
use in PDT.
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[00118] As anot her exanple, Figure 5c shows OCT reflectance based confocal

i mge of A-431 EGFR positive cancer cells incubated with anti-EG-R | abel | ed
hyperi ci rwQiP12/(303319] Fi gure 6 shows anot her exanpl e of POUBGeefiloeessance
based confocal inages of CNE2 (Nasopharyngeal carcinoma) cancer cells
conpared-wi th normal hunan fibroblast (NHFB) cells incubated with anti-EGR
| abel | ed hypericin-G\P. Exanple 4: Internalization of Hypericin-Ay- EGFR

t heragnostic probe by tunor cells [00120] The sel ective inter na! i zation of
the HypOLSH]n- oG HEEAQIORY) e E}S}@Bealtﬁ{et&mmar\}@ghl)&es b by
treatment of A-431 cells with the nanoprobe fol ysis. After
about 19seKyEtQ their the smeH slve, ereatingne harge Elafacr: @t@stoa«ro@m@mmd Se)colnélypr esent in

th I ots un er TE anal as
Shown 1 el MR thildgtr BRRGAL i ARLKY RRR bR e SO o 331
cel | s. tumoi bedsofor Geldcti\freallmomthrgetdllgadndp&ugId@lllﬁT&ya’ShMﬂ&' stlﬁﬁgd@bb&?ﬁ(ﬁrﬁ

| at d th smof the tu cells are treated w
ypor i SSallBekf N RRLER oY honantude biir theiniontcrssenased eattceli cel | )
no suchimagiagures are noticed in the TEM anal ysis under the same conditions.

[ 00121] Moreover, the Hypericin-Au-EGFR treated tunor cells shows hypercin
f 1 uor eJOGRRE £ Inokaricws eEghogdpn %&nGNBs sreobsedr satiélomry ndiiclat dor sedeat i ve

intern i i o] rovi des evidence for
hyper i gilelri;‘?gl ggs}g'ti?ﬂ?nﬁlg n@{(ﬁ S'AHshe cyt g%?sé:g% Tae El?’?'daol’g’r"glﬁe PISREBY ndi i zat i on
and dr dypsrédieasesed Hoaktachethaii NP thiyenonedalehointeictidas endin bdterdahBe & Ug

|.ated probleps in treatnent. Exanple 5:

I at. r t oxi, Ci.t
?rqev: 1(:) ; onhlgst 2k O%g? %\rl?gd}yﬁﬁ’ggflﬁﬁ)ﬂ?]g“@?ﬁf S Pt lepgi SRIBERIETHS eh‘i@’ﬂ%@copy i's
used t pratiiemly ofNE2re@ QHofosthsde ctidityNdde to cRYRRAI ﬁioﬁlfﬁ'a@oﬁb‘céli%%%
treated wi.th I;% peri ci n- Au- EGFR t her agnosti c probe for about 6 rs under
a

physi ol°galen| at@shmenti Sughermgres viffbworgpealenii intefactionss sthemeleaser offrthai t hi n t he

| i that hypericin
ol 1 veriDPshskioh FATAR G GHFER et el AT E AL el gDV L o1 o
after 1 3ﬁhncﬁéﬁldlﬂénqp@rtlcmsewdaﬂhmzedlqby suﬂﬁaa:eqnédshlohlpﬂq&md@yw kv dss el eased

and
![ R Si d%orlitﬁl%t gg%“s as weﬂI as dV\flvery Vghlclese %r tﬁeoéel1vegrro%%%otfo(s)é’nsgllzgr rﬂ/?osré:c?ver

cappmg the gold surface with polyethylene glycol, the surface properties may be tuned to
match the requirement. In various embodiments, PEG reagents with two different
functionalities are used. Carboxy PEG are used to attach antibody and methoxy PEG is
used for complete gold surface 'coverage to prevent non specific interactions with the -
cellular components as well as for longer circulation times. Carboxyl group of the
carboxy PEG upon activation with EDC and NHS forms O-acylisourea as the active ester
that reacts with amino groups on the antibody to give the covalently tagged antibody on
gold surface. |
[00134] To achieve targeted delivery of hYpericin loaded GNPs to tumor cells, the
GNPs are conjugated with anti-EGFR antibody. The epidermal growth factor receptor
(EGFR) signaling pathway plays an important role in the regulation of cell proliferation,
survival, and differentiation. Amplification and overexpression of EGFR is found in
many cancer types, which provides an opportunity for designing receptor-targeted
. approaches for cancer detection and treatment. EGFR proves be a good mediator for the
targeted drug delivery due to its differential over-expression in tumor cells coupled with

the fact that EGFR-antibody complex may be internalized by the cells. Targeting of
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1001231 Usi ng confocal |aser scanning m croscope, the in-vitro uptake of
hyperi ci nGNP | abel ed with anti-EGFR after about 3 hours incubation is also
assessed.wOnoRigesse 9a, the effect of Hyperici n- Au- EGFRPCH/SGaompaneson Wt h
hypericin alone in CNE2 cell lines is studied. The cells shows strong
hypericin fluorescence, which is mainly confined to the cytoplasm The
intensity of hypericin fluorescence follow ng incubation of hypericin alone
is greater conpared to incubating the cells with bioconjugated hypericin
GNP copj i is fdRHROTR]a8ing: 6 Aladbpegbat i on of
anti - E g%ﬁ?‘ﬁg%afq%%eﬁ?g)é? |fci n Gﬁg‘“\% atp ﬁgﬁlﬁgﬁx?(ﬁﬁﬁﬁbeéc%g%ezi‘s s{ii%ght ly toxic
when cfortariegeted delincuypaf the phetosansitigerde iths tamaf ealls redusingvisrtoxieil-| vi ability

of nor n %,1,s_observed at, concentrations, of . Figure 10).
As theﬁw&ﬂﬂenﬁ?’a TR Ef‘IE‘:néu éﬁ?qu?aécéﬁrﬂ@%%’} iO(IE:'itH_e (B{f%% P#%?%gs@gkg tlhere is a
sl i ght EGERr RaERpictsifd & -451akilk,ithy paticlehareciatdbated dopationd3 houtsyapebiuci n al one.

Exanpl e 7: PDT usi ng hyper.i ci n-gol d- EGFR t heragnosti.c grobe iin cellular

model 3700 2pd visyglized uuss adpiksislcheplierfancepisrasaeney dils GHng et dbfiover y

capabi h&&ré,e& OJioézl\Ag%%{eG'@ﬁP- ECRR-ApOaRd thfet A8KaRALNG RRt@NHoay of the
probe by ¢onducting a PDT experinment in a cellular nodel is exam ned.

Hyper i géllowish EEHERE pmoibaicangvealy thauthes mpuptimanly diiaphad; toithe selbsyrfacabat ed with

A-431 1] i for. t.about .12 h i . : i
or oadbSdNFET ok PE A Hef R gh Pl B ERhaTbale IR ALY 08 Lo g

a conf geahrgbled QbRSRANRTS iAtEmOScR)inottdshs diefreentnt time and amoungoff the apopt osi s
in green (as indicated by the white encircled arez{ai) and ne rosiggi nred (as

shown Banoppdicies glﬁflé? &R T nERSat MATRY SR PIFRTECE aP?Wmtc *af%t¥s the PDT
ef fect .. LORERE | fik IHELarkdl spIORVITIF QAR delivaI9T REGRAGE foF TERISABYY. | MRgeS

after exposure to light for PDT in the case of A-431 cells treated with (a)
Hyper i Thus AeceBGERNedisted gdrugt fargeing bmay (15§udely BYsiqnair ntogicy Mlug ¢9 tgpericin 4

1.1, M _(d) erd,cin 6 24 ) L 6l : i £jn iiTM (9)
A 431 Eeb YR G, rfenti s bt i ngd WRRLE RLRelt e EACh D | Mo
and ( hjlarR-t43dite edshilss alonthiow thar eetret mi sipnificarp alifféredaeshetwas® hypericin

2012/ 039685PCT/ SG2011/ 000330 .[.00 A conparison of Fjgur l.aand 1 1b
i ndi caf@k 2y pEE Bc?‘ﬁ’l%?@%%:‘@e’f‘ B‘réé%%gtt F@CE‘BB%IQH? ﬁ%&f’egsfr%i“rf? I%r HI<'§{Iﬁm)unt of
apopt Oﬁltﬁo%% iRrd [ea GASIR decloaddVithyRe Viability of ties cBRTwitkhhe idreass ihhat

Hyperi ci n- Au- EGFR probeé is able to deliver hypericin retaini n(ﬁ iils PDT

ef f ect coricprtrasianiof gnamSHiR hyerieinnENPe fhis isrpt signdgant wheh sPoRasedwtPosi s
during A riments in Figures 1 Ibto 1 if.
Conpar fﬂsgg%mg]y i re%ﬂﬁt@@gﬁﬁﬂ}:f@eg ggg)?lly shows apoptosis i nduced by PDT
for thoHg@ler iCrnfocAl BEFRcpuone nagosppo sedsaddo rrsess ghesinagirp hptakalof pat hway

for the cell death,in the apsence of PDT,far t - samne

condi t MI.CI?’E%% Brogonjpgqted gangegniguct Hgn‘lé"sﬁla e?%‘r %ﬁbﬁ%ﬁgﬂ%}rﬁf E%&Z&J The
mechanifesal s ehhlydaaionowht heabdten W dificteit Tdoncersrasibn difehtiogEGER about 3
hours incubation wth EGFR-conj ugated hyp rlgcig ﬁSNP and, EGFR- conj,ugat ed G\P
r espechyresicip GINRrapging §r0%%‘épg@4b5tlﬁ°'é§65‘ﬁgd 3tLhe, RPRICHY IS SPRCPEPIEBW ng PDT
and PT redEﬁlﬂHﬁg{/ ¥ tﬁ@%ﬁ) EORT Qadl nédTBMe Gluofesehibe Rl the HRREF 99JAY apopt osi s
(as indicated the white encircled area) and necrosis %as shown by the

| i ght eHostemeteAr43dicels mdulimyed; wigh himietieinalons\oxhibis|abewi Inkjto(la) fabdsthighes (b) PTT,

res peCtﬂlugl%lscyehce intensity than those incubated with anti-EGFR hypericin GNP. This may be

attributed to the relatively large size of the EGFR antibody, which limits the number of
ligands that may be linked to the surface of a nanoparticle and impedes intracellular
distribution of the complex leading to the reduced availability of hypericin loaded GNPs
~ to the cells. The loading of hypericin in the nanoprobe may be optimized.
[00137] As an alternative, a single-chain anti-EGFR antibody (ScFv EGFR) which is
smaller than 20% of an intdct antibody may be used to replace bulky anti-EGFR
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[00129] Annexin V |labeled with fluorescein (FITC) stains apoptotic cells in
green by binding to phosphatidyl serine exposed on the outer |leaflet of the
cel | s andwethidizgssshonodi ner 11 stains necrotic cells WwCrlsGeed/000330
fluorescence. The percentage of cell death is higher follow ng PDT conpared
to PTT, as shown in Figures 13a and 13b, respectively, using different
concentration of anti-EG-R conjugated hypericin GNP and anti- EGFR GNP.

Di scussi on [00130] Devel opnent of a nanoprobe, conbini ng nanot echnol ogy and
phot ody#diBbdied. TRE 2 ItinkQntib ] itizer and .
mul ti nodality imaging agryd tf\({e}?g%)g;t%ng@cjaeéﬁ%lgg%ulﬁgp@g@g%rrﬁéﬂ S(lamsa(ﬁrelepr esent
emer gi nigreshed beawdsneintagting ahighdilingrwffinimagndspecifioine nost of t he

shor t cog (o] | O osensitizers, .fqr ex e, for use in PDI.
W0 20127 b5a b LB I BB O TR B A aorBh e L i R ar e
spheri 8l wellsldré cinmabaoglandsingl eati-BOFRDI IglpedtiaalcNIs eafduantiEdieignt he snal |
size, creatin a(;farge surface area to vwolunme ratio. Secondly, their size
may be rsmeftfﬁeg'eﬁfl Bradiafed; 4t _‘fenF"thé\}é%lbupﬁu Viabgliy sepmatisally deareased at i on

i nsi de HodimBfter TS aﬁa)n)m.em%v&,ecén;g&&h t@o%ghd PHTER LGN, F94i Ffﬁj‘gfo r Thirdly,

strong abstcl)jlragti on and scattering GNP provides an opportuni their

use i n B¥htpkilowingaREEdTlipmaydie dueegithe synefdgit3dTect of tharghotsoxéeibodi ment s,
GN\Ps ar, i 1 cl or, targeted .deli hydr.ophobi c
phot oscngity e AR EssBt MR b el Blo e s CBPH Fer VT s usea

t o att abkprb ightGhiPfiby eleotmorsan steegild partielea atel cx0BedMoh IntaGEEY NG St O Vari ous
enbodi nts t?t;% %%Strhophobilg i.ntera}tgti 0{;}2. This at |east m nimzes or

el i ni nates EFaBI S5l Jptige o dho geldsparticles. the relsgires mlax and diveni cal

modi f i aldrinalereaYSe thalkfereVi! (RO fattie! SRR Atly, FHE B&?‘ﬁ%ﬁ{ t‘ﬁﬁ g}ﬁ‘fg&gnfk?&' coval ent

interactions, the rel ease of the photosensitizer fromt may be easier
when cohssRaedigivathe seroundingsaviremnrent. Caly pBSergstmditivanopanll irceaseswi t h t hei r

uni que ;$YhassuR! avaen ' r s, contrast agents gs well as
del i verly vehi cl 13:'8 for tbﬁ(gecgg@%%t\%%??/ﬁg$ %ﬁo eggegnts)Y tal%foépt.slo ?gﬁt%r a’ecappi ng
t he goltempemtitgoé colistih tpoviyieithpf tepagicls o raisel ehisundiror RIcopes killkg My be

t uned he .y equi nt. In various enbodi nents, PEG reagents with

two di %’? g‘g%%@flﬁ“ﬁ%ttﬁ%%ﬁﬂ’irﬁ% NCINRY BAMISE SCYSP gal%%qﬁeeea%éhmn@%mat t ach

ant i bodyataredt iEbdXy Hebidismogedictove. CRMNVEL Be GUR TRl AER/K GBYELGRIE tO

prevent. n&rger%&egljifg c interactions with the cellular conponents as well as
c

for | ofN§BY e f g5ty amang @ﬁrtbfﬁxt}‘i?atlgflﬁupoéﬁs, ehéherarihexyixRES afpon
act i vahpdpiotiti ddls BRGANgs NSl 0Ll fQﬂ%Sié%'b%ﬁ%@ﬁm%ﬁ sL B BB Y& grper hat
tibody to grve Ih le#d §

reacts with am no groups on the anti e cova agged
ant i bo@gndifipngsheh aihe dradiatfonige|light desabé end: comentedtion debNRemyy 66 hyperi ci n

I oadedgﬁ}lﬁ’%ﬁ&gatc}f%% %l%?llnlgu O\C,élﬂ(?ef%\lps are conjugated with anti-EG-R

anti bo e epiderm r actor receptor (EGFR) signaling pathway

pl ays HI9139poiln additionl te iheirt dpplicapul at PDT edd ea'T, aaﬁmchffrercggugﬁkedsur vival ,
and di g}%)er.ent g@ on. ',%rrpl i{]i cation and overexpression of EGFRis found in
many ¢ : i i - g¥iicaeps
88?‘“*(9 § M P8 s A%i melimadalify pisraging i carner ¢ells. ghiicagpsful
r ecept sfsoiplibg Qi eshobRPRABRP 8Y {MRAfcafiRd GRb1oSELREE 9 3BR Bl s EGFR
proves he a (?oogqlmsdi at or %gr, t he_?%%getoed_ gr ug ﬂdel%?ve%n%%@%{% Tts
di f f er 8idsnged by, 8ER8 speciras A, infrinsigemareadtivity ofi heodtwil photdsensitaet  t hat
EGFR- aptj-RodYs I be .1 Ny |i.zed the cells. Targeting of WO
5012/ 0 §_8 b CT% 61%3}1/ %g%gzsog ﬂngélgé sb1'if & mutfl)fmodaﬁlty piatfgrm. é’%lcﬂ ?’ughl :
multifunctional nanoprobes with imaging and therapeutic capabilities allows for early
detection and therapy of cancer.
[00140]  This is possible by the inherent properties of GNPs by virtue of their optical
_ properties and surface plasmon resonance (SPR). When stimulated by light, SPR of gold
strongly enhances the Raman scattering of adjacent molecules by about 6 orders of

magnitude creating SERS effects. Hypericin molecule by itself may act as a SERS
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anti body conjugated GNPs is for bioinmaging applications and this technique
is adopted for the targeted delivery of the photo sensitizer to the tunor
cel | s redwoi2np/a3pesst oxi city. [00135] To determ ne the s®bTsekil0as330

| ocal i zati on of the bioconjugated GNPs in EGFR overexpressing A-431 cells,
the particles are incubated for about 3 hours at about 37 C and visualized
using a dark field reflectance mcroscope. It is found that at about 3
hours, the bioconjugated GNP are incorporated in the cells and they scatter
str Ongr%@hé§%§ﬂ) {He9hikh SEX8BrORIsQdn GVIBRLACIh MRAdleddle YwRigeoAts) pladidr| Y
attached to the cell surface via the receptor specific targeting. It is
shown gtrmettyhandEBRRophobicity etyparicay resdiningtSERS aftivityecvemaget pREYHEABparti cl es
in tunor,cells. increases retent.i ti , . oparticles
i destdh EoRsptRRoE Ty A Bk SR AR AT e HiokRfudRH)
accunmuh@fegicinmanbgolll icwstruanslays pt eslizedfib elevays henvinvasied biwsenginggraohest i ng f or
their toxicity. Thus receptor gi ated drug targeting may reduce systemc

t oxi ci ﬁRﬁcgﬁéoﬁﬁl%ﬁévF@ﬁWeF%&E f lower concentration of the nanoprobe for
ef f ect jgoq4ine ERRMes HCTdathrd/ GNP A3 KatOMbR isbatieFiRS Utdss-s@thivm i pwelihat there
is no significant difference between hypericin and anti-EGFR conj ugat ed
hyper i GrrighPshaded) oagiamef theispepsruma idiihgropemyniscrugigl for dexglopmpegligh t her e

is a slight, decrease.in . - yvi-abhidit h:S1.M i.Agr:ease in
conaen by feERE SRR drdBiolk i Rl ink ot lionts WecBRL 1NN BAAG depiIE0
conpar €iskued tianiafieallyoiticadases with yopesingi wasalengthe Agighemacd meerdesaiaven. [ 001361

Conf ocal ser scanpi ng m croscope. i.s.ysed t.q assess the in vitrq uptake of
hyper i &“ﬁL glrg%frwangr PgsEed tﬁ%ﬁ&%ﬁf%ﬁﬁ‘*‘ﬁﬁ$ﬁ?ﬁ°@éﬁy| Taay Wy?)sgﬁi cin
f 1 uor egGaRGEoptRAERRING sush ANObHEHEdohQbARW dheb drishy(@UTYNwM i alhdd-er ent
concentration of anti-EG-R hypericin GNP ranging from2-10 p, M IS

It
obser vétasivapptiqabimaging feehmiqiesthatarredures srosesgstian magsstafyfissys ¥Rk acyt opl asm
wi th neglhigij.bl i r eghon. 431 cells
ncuball S osplsdoh 87 G 30 6126 W, TGS FAled GOROR col RUS KRape it
f | uor epmpagies iaft ENP| tantiHGHR tchojsgated dybeticn GNP hmanthe- EGERonyipehlyci n GNP.
This may bhe attri buted }o 1the rel atl velg | ar ge séze %)& ﬁh‘g E}Cél:&?nti body,
whi ch FYISIHYE 2P &P mplegplay magings of ¢aneers oversXPIEr B EOFR Y& face of a
nanopaihigheicaitfiqidrpedes i ntracel lular distribution of the conplex |eading
to the reduced availability of hypericin | gaded GNPs. to the cells. The
| oadi nd0MU#Zhy peartchremthe ?M@ah%‘ﬁbiigﬁﬁb‘éf GRY Be Rhgtasesaigr hyrsgiesdisells an

al ternat.iVv gl - ' j inhad GEMioECRRL Whitehel S smal | er
t han Zgi%'yo ¢ an p?dr?}tagcétas gﬁ?ﬁ%ﬁ?b@ﬁ? Sggéﬂgggogrgggl aclg busl ky anti -eEGFR WO

2012/ 03p6R5Radl (332 tastr 000830 flantestsnad endontipreseapyulThis Ag 2 aeletivdd pewr agnent

(25 to 28 kI .ma ide a much siml : ' j : i.ntaining a
hi gh bPRtHh G RRL Ry o et Hito e YR (RRalrtPRO suffite o

phot ot @xtisGifhde lapds ooe toh feehlindtediticrafneers, Rblziag dlubEScenfd®dbecsichs ar e

i ncubated using anti-EG-R h ricin 2> and. i - EGFR-.GNP_ respectively and
i rradi as 8uorggcen, P}’Rfé‘ﬁ@eanéf&%g‘g/(@ﬂﬁ‘.‘)l@ ‘?‘C\?Flggﬁf}iuf loﬁ?rﬁﬂ%ﬁt‘?@&fpfzﬂ}‘mecr eases
bot h afif.8ed BRPs Y v Hlvel5RUaN ShultihSddlitf@etanddik et PDT is about 1.2
folds higher than“that follow ng PTT. This may be due to the synergistic
ef f ect [@F148he Dasiencnfodieqvate phitiesensitizan deliyrsy sxsems isi Fiicalfppapprevigand
_hypert tt.ﬁaer T R it %C%Xal}iﬁ't?/ 0%1’ 1 VX] lﬂlig}l!gﬁnt@;?éthugé NbE&s E4fi€rs€l ectrons
in the go(fécpar € 4 e excit ed. pon interaction between the el ectrons
and t hef gihysisalsitlzatst isc en afpptdach geohich pent t ordy exffers hmpaived ttrajfiskingldx and t he
thermal enerqgy is transferred to the lattice. Subseguent] e heat from
t he golhéigrﬁalﬂ %P}é)éoﬁe‘%“%%%’in&a@@&elﬁ%g'ét a?“f?emg’lﬁ?‘fe(% ft ?fﬂ@acé’r‘i)\ﬁbpgﬁﬁgﬁf) . Cells
are Vekne sHefthdrniEeffedt. 3Bsknde £ ESMSRE PDT LEAPETafetineent Mbelithnpg®ej ugat ed
G\PS are heated by absorption of light, the tenperature of cells in the

vi ci ni mynase cffpasive seatmentsirategy campaigd theenventinnel PYT sBrtermere igetefng of the
cel ls. Jhus, . Yor; ?W he

conbi nélg]?%é?iy toir-fglg%gg%tQ ;l;‘l-gglﬁk %gﬁléiﬁ?oa %gbl%gsc %ﬁérég?c:tocej ect it‘glrg?ﬁgl-ﬁ!éll/\e%”\?g%’ t he node
of cel lpradédus hindalded ndtansiggriff higlanelbgtivityf With low gaxitiyy, ammivging heininead t r eat nent
nodes, as there is a mxture of apqgptotic cells as well as necrotic cells
follow ng both treatnents. The PDT38nd PTT conditions such as the
irradiation tine, |ight dosage and concentration of GNPs nay be optim zed
to achieve maxi numcell death. [00139] In addition to their application in
PDT and PTT, anti-EGFR conjugated hypericin G\Ps may be used as

mul tinodal ity inmagi ng of cancer cells. Successful adsorption of

phot osensiti zer by sonicating photosensitizer and gold nanoparticles is
evi denced by SERS spectra. Also, intrinsic Raman activity of the natural
phot osensitizer hypericin SERS is used as one of imaging tool in a

T r o o - e



[00141] Besides this feature, G\NPs al so have high scattering cross-section
inthe red (or lighter shaded) region of the spectrum This property is
cruci al fwo 2aevsbepment of contrast agents for optical PERESG2E1000330 Vi ng
organi sns because |ight penetration depth in tissues dramatically increases
wi th increasing wavel ength. Agglutinated particles have nmuch higher
scattering cross-section than individual particles. This property may be
used for vital optical imaging such as Optical Coherence Tonography (CET)
whi ch iy ﬁn?%entgr{}'lgyl@r%a‘f%sﬁﬁg 15 3laiBRIS 'ﬁgs ts%@lk' RhfbpRotel RayPl RABE Bed as
cross-secttonal i1 mages of tissue with h spatial resolution of about 10
to 20 plultifuiidiional bxasledllmn eissle él@gnqsast pe%ﬂqanmcqsr dp’égmiges?néf GNP,

anti - EG-R ate per|C| e ve and
speci f % ﬂﬁ‘?‘@h?}ﬁ dl?f"ﬁ Ky " 5“1%6,?5 %‘\‘igsr e1>§<l pg’gg{s%fixmlﬂg:ﬁé;ﬂ?t b

i magi ngatRERRbIGEE mz{yoﬁﬂéﬁwﬁﬂﬁﬁmpﬁowednnﬁm&mﬁdﬁhty aherppenpey amdasnagngNP t he
phot osensiti zer hypericin itself e | oyed as fluorescent. probes for
b|0|naé?ﬁ&“&ﬁbﬁﬂd@@@é&@f§%§ﬁ“&§ppﬁ? ﬁgﬁg?ﬁW§r“% singleageldhfoca
fluore c 0 &rﬁqﬂeeisaﬁﬂow ¥s RYcAPRhhgRodh@ghni que

t hat o§§g@s§?ﬁ9€|%%q%gﬂggggfngﬁgéuﬁg tissue strS?tures fron1§ﬁrface to
subsur ﬁma:@ng'amstadgnmpetcdica lﬁ@mnﬁu potbed variop®nierastisg ligands.ziswgh fasuor escent

robes such a uor 0 o cid Thus
b1 oconpliarea Aypertal Aaousanpdienabinee, dnd opAHGRChEY e el 7 () 1
t herag ﬂ@ﬁélé;ﬁn@éaﬁlb@ﬁmakﬁ@ pfobls thasarg highly a@qmbéicphdth)emmatlblzer delivery
ystens is critical for oving the’ oqtc ne aqg ac gillt of PDT in a
cllnlcﬁ?lééhtéW?ﬂeﬁﬁé“ﬁ§E°%F paicplaply s @T@‘ﬁ? %ﬁS@ﬁ@ fﬁ? € is an
appr oagflg Sﬁ’!&iffcfknﬁmnﬁé}ltsy 10§81 Jﬁa%gv&,@l Byl @bde kKidatnThe MY da0PRHOKISC |

photosensitizers into the cells, but also inproves the efficacy of PDT due
to the cpmgbmménmaandedeltaebmay ba readsethersin withenttsiepedingpirpruig Mt avdeat nent

nodal it e r

convenf?&ﬁ(ﬁﬂﬁﬂfymgp é?ﬁ%%%ﬁy rggggﬁgge1?%é§§%%§‘fﬂﬂngﬁgggggkgltlzers
usi ng aisiihdidated b }ﬂﬁacaﬁplemdeﬁcnla)ms taad nlltahemges cdilich cympe siithpr e inkagingn added
advant age of hjgh. s Iect wthlo tox Ci, t o pLgnde ering mniml. WO
2012/039@8@9%?% i Hﬁ%ﬂﬁém?%%vﬂgeﬂ BI°SFPRLTE @ In addition to
this, such nanoprobes nay also be used as nultifunctional nolecular optical
di agnosti c probes for cancer imagi ng and phot ot herapeutics. That is,
conbi ni ng advances i n photodynam c therapy and nanotechnol ogy may | ead
towards inproved nultinodality therapeutics and imagi ng. Techni ques for

i magi ng of cancer in optical nultiple nodalities, using a single agent in a
singl e session, are devel oped, and this technique is known- as 'opti cal

mul tinmodality imaging . For target-specific inmaging probe, various
targeting |ligands, such as photosensitizers, snall nolecules, antibodies,
pepti des and aptaners may be used in devel opi ng cancer imagi ng probes that
are highly target specific and bioconpatible. [00144] Wile the invention
has been particularly shown and described with reference to specific

enbodi ments, it should be understood by those skilled in the art that
various changes in formand detail may be nmade therein w thout departing
fromthe spirit and scope of the invention as defined by the appended
clains. The scope of the invention is thus indicated by the appended cl ai ns
and all changes "'which cone within the neaning and range of equival ency of

the clains are therefore intended to be enbraced. CLAI M 1. A
nanoparticle | oaded with a light sensitive nolecule, wherein the
nanoparticle is a colloidal gold nanoparticle and the light sensitive

nol ecul e i s non-coval ently adsorbed to the surface of the nanoparticle.
2. The nanoparticle as clainmed in claim1, wherein the non-coval ent
interaction is hydrophobic interaction.
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3. The nanoparticle as clained in claim1 or 2, wherein the light sensitive
nol ecul e i s a photosensitizer. 4. The nanoparticle as clainmed in

cl ai m 3, wbepeyaiodshe photosensitizer is selected from tRETHGAMI/00@36] St i ng
of hypericin, Photofrin, Visudyne, am nolevulinic acid-induced

pr ot opor phyrin I X (ALA-induced Pp | X), Foscan, Chorin e6, nono-L-aspartyl
chlorin e6 (NPe6) or Laserphyrin, propiophenone, anthrone, benzal dehyde,
but yl ophenone, 2- napht hyl phenyl ket one, 2-napht hal dehyde, 2-acetonapht hone,
1- naphtgyl yl ket one, 1- acetonaphthone, 1- napht ho al dehyde, fl uorenone, 1
-phenyl-1,2 -prop ane dione, benzoethrile, acetone, biacetyl, acridine
orange, acridi ne, Rhodam ne-B, eosine, fluorescein, Silicon Phthal ocyanine
Pc 4, mtetrahydroxyphenylchlorin (nfHPC), Allunera, Levul an, Metvix"

Anphi nex, adi pyrraonet henes, . an m xture thereof. . 5. The
nanopart i cIAi' lggg%qup opdedayith ﬁﬂgl?tos,en flv?/\ﬁBte&‘iﬁﬁ’ Vheip s %@Hﬁ‘&ezer
produces; &liddHabiol@xyipartiéRamdact i vation with a Iight source. 6. The
nanoparticle as clainmed in any one of clainms 1 to 5, wherein the gold

nanopart i c| thej kghi pensitivieo medsepls sbern-covalbotlnradserbed f@ the yurfapgeofntigoparticl e
as clahgﬁﬁahﬁkpny one of clains 1 to 6, wherein the gold nanoparticle is
about min size. 8. A nanoprobe conprising the nanoparticle as
claimed in any one of claims 1 to 7 and further conprising a targeting

noi ety covaleptly coupl.ed to. the surface. of .the nanoparticle. . . 9. The
nanopr obe aé‘a@l‘ea‘%/aﬁﬁ%ar&ﬂe &% ﬁlia‘r‘}‘i‘eg m\ﬁ%é‘?’ 2 Yhﬁflﬁﬁ’tcf’ﬁage%?t@iaﬁ"‘?”sls sel ect ed
from t RedrgprubR: aRReishi Nng of a small nolecule, an antibody, an antigen, an

af fi body, a peptide, an aptanmer, a cell surface receptor ligand, a nucleic
acid, a fibronectin, a protein, a fusion protein, a peptide, a biotin, and

a co‘nj ugat et Ree %gﬁopaﬁquie 3s s ah dBLEYY or 2, wherein the light sensitive

molecule is a photosensitizer.

4. The nanoparticle as claimed in claim 3, wherein the photosensitizer is selected .
from the group consisting of hypericin, Photofrin, Visudyne, aminolevulinic acid—induced
protoporphyrin IX (ALA-induced Pp IX), Foscan, Chorin €6, mono-L-aspartyl chlorin 6
(NPe6) or Laserphyrin, propiophenone, anthrone, benzaldehyde, butylophenone, 2-
naphthylphenylketone, 2-naphthaldehyde, 2-acetonaphthone, 1-naphtylphenylketone, 1-
acetonaphthdne, 1-naphthoaldehyde, fluorenone, 1-phenyl-1,2-propané dione,
benzoethrile, acetone, biacetyi, acridine orange, acridine, Rhodamine-B, eosine,
fluorescein, Silicon Phthalocyanine Pc 4, m-tetrahydroxyphenylchlorin (mTHPC),

Allumera, Levulan, Metvix, , Amphinex, Azadipyrromethenes, and a mixture thereof.

5. The nanoparticle as claimed in claim 3 or 4, wherein the photosensitizer

produces singlet oxygen upon activation with a light source.

6. The nanoparticle as claimed in any one of claims 1 to 5, wherein the gold

nanoparticle is about 10 nm to about 1000 nm in size.

7. The nanoparticle as claimed in any one of claims 1 to 6, wherein the gold
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10. The nanoprobe as clainmed in claim8 or 9, wherein the targeting noiety
is covalently coupled to the surface of the nanoparticle by a |inking

noi ety. WO 2012/0B9685The nanoprobe as clained in clai m 10PCRrisereiinoedie

l'i nking moiety is polyethylene glycol (PEG or a derivative thereof.

12. The nanoprobe as claimed in claim1ll, wherein the PEG has a nol ecul ar
wei ght ranglng from about 1000 to about 8000. 13. The nanoprobe as
claimed in any one of clainms 8 to 12, wherein the nanoprobe is a nultinodal

Opt'CahIR@%%qupﬁrmp403nunl§e A pharnaceutlcal fornul ation conprising a
nanoparticle as clained in any one of claims 1 to 7 or a nanoprobe as

claimed in any one of clains 8 to 13. ' 15. A nmet hod of preparing a

ticl | d
o brow o oA Tt Bl 8 Sk o oA 08, L0 P,

adsor bafy f@ther PoknpSieiAgi 4 itmgetipl RoLEHE cbalédiy Soupl@aiC e e buifacgWiUihe
nanoparticle such that the |'ight sensitive nolecule is imobilized on said
sur f acganoparticle. 16. The method as clained in claim15, wherein the step
of non-coval ent adsorbi ng conpri ses: adding a sol ution of the

| ight sensitive nolecule into a solution conprising the colloidal gold
nanopart i cl &, Tlenchnsprobe ag ¢laignefdan cdbolR, whetriithe tatgeang sty stsglestedf about 20

¢ ~ from the group consisting of a small molecule, an antibody, an antlgen an affibody, a

peptide, an aptamer, a cell surface receptor ligand, a nucleic acid, a fibronectin, a protein,

a fusion protein, a peptide, a biotin, and a conjugate thereof, and a chemical moiety.

10. The nanoprobe as claimed in claim 8 or 9, wherein the targeting moiety is

covalenﬂy coupled to the surface of the nanoparticle by a linking moiety..

11. The nanoprobe as claimed in claim 10, wherein the linking moiety is

polyethylene glycol (PEG) or a derivative thereof.

12. The nanoprobe as claimed in claim 11, wherein the PEG has a molecular

weight ranging from about 1000 to about 8000.

13. The nanoprobe as claimed in any one of claims § to 12, wherein the

nanoprobe is a multimodal optical nanoprobe.

14. A pharmaceutical formulation corriprising a nanoparticle as claimed in any

one of claims 1 to 7 or a nanoprobe as claimed in any one of claims 8 to 13.

15. A method of preparing a nanoparticle as claimed in any one of claims 1 to 7,
comprising the steps of: '
providing a colloidal gold nanoparticle; and
non-covalently adsorbing a light sensitive molecule to the surface of the

gold nanoparticle such that the light sensitive molecule is immobilized on said surface.
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17. The method as clained in claim15 or 16, further conprising the step of
finctionalizing the nanoparticle with a targeting noiety. 18. The
nmet hod aswolaizmseessn cl ai m 17, wherein the targeting |i gams$Gzeligedset ed
fromthe group consisting of a small nol ecule, an anti body, an antigen, an
af fi body, a peptide, an aptaner, a cell surface receptor ligand, a nucleic
acid, a fibronectin, a protein, a fusion protein, a peptide, a biotin, and
a conjugate thereof, and a chem cal nviety. 19. The nethod as
claimed in claim17 or 18, wherein the functionali.zing step conprises

nodi fying the surface of the gold nanoparticle with a |inker noiety and
coupl i ng t hé6.t Fhgehdithgl moicddiyed ant ¢ein i 13k evhenon ethy .step of nonROvaldiie net hod
as clainmed.in claim 19, wherein the linker is polyethylene glycol (PEG or

a deri@gff B8 FHRRTEST. 21. The method as claimed in claim20, wherein
the PEG is carboxgdidHolution ofth@lz%ht?&i%itm%tnﬁkﬂétu@&infd 2sdI@sbnl donPriging) 21,
wherein the functionalizing step further conprises: activating

t he cathsopilpidggalhnaopeiglecandooxy PEG with N-(3- di net hyl ani nopropyl) - N

et hyl car bodi i m d?on(c%@ng}or%{}alt%d&hﬁps;agéxa%egﬁtmergfqg?lgg'dtsb to form

O0-acylisourea as an active ester; cting the active ester
w th am no groups on an antibody to covalently couple the antibody to the
surface of the gold noparti oconj ugat.ed gol d

n le to forma b
2012/ 039685#%TT@G‘Z§§1£30§ ADCA AR GHARY 1210, 16, further sSMpHgE 18 fi5R s cl ai med
in cl aﬁmct?lgnal%%rtﬁéﬁhnﬁgérlﬁiéletx@thtaht@rg'éﬁﬁ’é:ﬁliof&yﬁteD: the nethod further
| _

conpri ses adding a sta i zer
18. The method as claimed in claim 17, wherein the targeting ligand is selected
from the group consisting of a small molecule, an antibody, an antigen, an affibody, a
peptide, an aptamer, a cell surface receptor ligand, a nucleic acid, a fibronectin, a protein,

a fusion protein, a peptide, a biotin, and a conjugate thereof, and a chemical moiety.

19. The method as claimed in claim 17 or 18, wherein the functionalizing step
comprises modifying the surface of the gold nanoparticle with a linker moiety and

coupling the targeting moiety to the linker moiety..

20. The method as claimed in claim 19, wherein the linker is polyethylene glycol
(PEG) or a derivative thereof.

21. The method as claimed in claim 20, wherein the PEG is ‘carboxy PEG.

22. The method as claimed in claim 21, wherein the funétionalizing step further
comprises:
activating the carboxyl group of the carboxy PEG with N-(3-
dimethylaminopropyl)-N’ ethylcarbodiimide (EDC) and N-Hydroxysuccinimide (NHS)
~ to form O-acylisourea as an active ester; and
reacting the active ester with amino groups on an antibody to covalently
couple the antibody to the surface of the gold nanoparticle to form a bioconjugated gold
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24. The method as clainmed in claim23, wherein the stabilizer conprises
sodiumsalt. 25. The nethod as claimed in claim24, wherein the sodium salt
i S sodi urwezo#3968s 26. The nethod as cl ainmed in cl aCKISE20101008330
wherein after the activating step and prior to the reacting step, the

met hod further conprises performng dialysis to renove unreacted EDC and
NHS, and/or to renove the stabilizer. 27. The nethod as clained in
claimany one of clainms 22 to 26, wherein the antibody is an anti-EGR
(Epldehgﬁ$ag%gyﬁh Factor Receptor) antibody or an antiHer2Neu (Human

Epi dermal "growt h factor Receptor 2) antibody. 28. An imagi ng nethod,
conprising: admnistering a nanoprobe as clained in any one of clains 8 to

13 bj ect,: _ obé as ¢/ .
L0 2 Subhechyc Aflod as claiigl HPERLDG! PRELOAA @ AL rkiEngyBhofE O par !

of the subj &ct _ Aul't 1oda I e The i magi ng
met hod nishoalfatiee doinprisk adding 8 stabdiieerei n the optical multinodality imaging is
in vivo imagi ng or ex vivo inmaging. 30. The imagi ng nethod as

claimed in claim28 or 29, wherein the optical nmultinodality imaging is

sel ected fromfie,ghQH R Q8RRAShHINEMOR, KheRa! ihe siBHRRABGRPiBS6dIEG
ul trasound 1 magi ng, confocal fluorescence endom croscopy, optical coherence

tonngraﬂhy (OCT), Surface Enhanced Raman Spectroscopy (SERS) and a
conbi nati on

25. The method as claimed in claim 24, wherein the sodium salt is _sodium azide.

26. The method as claimed in claim 22 or 23, wherein after the activating step and
prior to the reacting step, the method further comprises performing dialysis to remove

unreacted EDC and NHS, and/or to remove the stabilizer.

27. The method as claimed in claim any one of claims 22 to 26, wherein the
antibody is an anti-EGFR (Epidermal Growth Factor Receptor) antibody or an anti-
Her2Neu (Human Epidermal growth factor Receptor 2) antibody.

28. An imaging method, comprising:
admin.istering a nanoprobe as claimed in any one of claims 8 to 13 to a
subject; énd
collecting imaging data of the subject or part of the s‘ubjec.t with optidal

multimodality imaging.

29. The imaging method as claimed in claim 28, wherein the optical

multimodality imaging is in vivo imaging or ex vivo imaging.

30. The imaging method as claimed in claim 28 or 29, wherein the optical
multimodality imaging is selected from the group consisting of magnetic resonance
imaging, ultrasound imaging, confocal fluorescence endomicroscopy, optical coherence
tomography (OCT), Surface Enhanced Raman Spectroscopy (SERS) and a combination
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t her eof . 31. The imaging nmethod as clained in any one of clains 28
to 30, wherein the portion of the subject conprises a tunor cell.

32. The iwagorg3psshod as clained in claim31, wherein Prhg/SGaminoessdl is a
cancer cell or a cancerous cell I|ine. 33. Anethod for determning a
phot odynam ¢ therapy regi nen for a subject conprising determning the
therapy regi nen based on imagi ng data collected with optical nultinodality

i mgi ng after a nanoprobe as clained in any one of clains 8 to 13, or a
nanopagge&re prepared by the nmethod as clained in.any one of clainms 15 to
27 has been administered to the subject. 34. The nethod as cl ai ned
in claim33, wherein the photodynam c therapy programis coupled with
phot ot her na ects.re r . nic h i-n ffects.of .the
nanoparti cl @_efﬁe 1%13%1%5& g@%(gg%}% %nﬁ%fﬁln%;yconﬁaoﬁﬁlalggt%%vtf}? S/) ’ gfh grae“} [ 5 ht

sensi t pugionol deuligeft@bomprisdsacembntedinced Raman Spectroscopy (SERS) based
i magi ng, wherein the light sensitive nolecule is a photosensitizer
conprised in a nanoparticle as clainmed in any one of clains 1. to 7, or a
nanopr obe as ctigd MRsbidd) nR6dORECIDmeAl B dTBinB 31 OwhdeinCthe AudPRBRN{ hCl e
prepared by the nethod as clained in any one of clains 15 to 27.

A met heahcerf cellras atcanggravaselding.n a subj ect conpri sing admini stering a
nanoprobe as clainmed in any one of clainms 8 to 13; and perform ng

phot odynam ¢ t herapy on the subject. 37. The nmethod as clained in
cl ai m 36, whB&rAimethbé fphdétedhyiniagi £ phéredapynic olgpapys egimerc fdrad isulgiedthe
nanoprobe wi.th a tunor ce]l to allow infernalization.in the cell; and upon
B oF nEP TR ARG e dbT ARy TR Dar 8 R ot rollded RBypPiEdlcr T ve
OXYygeNmubitRcdafty BeipaicodRs aanbhiebé b8 Blaint@N®i doyVéhe ot imk & ©f 13, B ananopr obe.
38. The nethod as clainmed in claim37, wherein the |ight sensitive nolecule
i s a phRewopsdike prepased by the methgbas qipgneddn gey oae of ceimedS In24hss kase of cl ai s
36 to . i et hod is based on targeting of a receptor in the

cel | sg elél%,gg%g&f{rogkr# %]ﬁ)é&gr oup consisting of an integrin, a somatostatin
receptor, an epidermal growh factor receptor (EGFR), a Her2/ neu receptor,

a gl ucose tLangpoLt gl & Whnedsd Udhosd STRBLA e iRl SLObd P O

program is coupled with photothermal effects rendered by plasmonic heating effects of

36.

the nanoparticle.

35. Use of intrinsic Raman activity of a light sensitive molecule for Surface -
Enhanced Raman Spectroscopy (SERS) based imaging, wherein the light sensitive
molecule is a photosensitizer comprised in a nanoparticlé as claimed in any one of claims
1 to 7, or a nanoprobe as claimed in any one of claims 8 to 13, or a nanoparticle prepared

by the method as claimed in any one of claims 15 to 27.

36. A method of treating cancer in a subject comprising administering a
nanoprobe as claimed in any one of claims 8 to 13; and performing photodynamic

therapy on the subject.

37. The method as claimed in claim 36, wherein the photodynamic therapy
comprises incubating the nanoprobe with a tumor cell to allow internalization in the cell;
and upon internalization, illuminating the cell to cause cell death by reactive oxygen
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species generated by the light sensitive molecule of the nanoprobe.

38. The method as claimed in claim 37, wherein the light sensitive molecule is a

. photosensitizer.

39. The method as claimed in ahy one of claims 36 to 38, wherein the method is
based on targeting of a receptor in the cell selected from the group consisting of an
integrin, a somatostatin receptor, an epidermal growth factor receptor (EGFR), a Her-

2/neu receptor, a glucose transporter (GLUT), a folate receptor, and a steroid receptor.
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