A NANOPROBE COVPRI SI NG GOLD COLLO D NANOPARTI CLES FOR MULTUVI ODALI TY
OPTI CAL | No@G NCER AND TARGETED DRUG DELI VERY F

Cr 0ss- Ref erer%@@oggsﬁgl ated Application 100011 This applgiagatl onBOnggf(Oes
reference to and clains the benefit of priority of an application for

"Ml t i MA@l NGPRABE EGMPRISIRG COLEEOERDIS NANDPARTIA B G MUPTHORARERE

Col | oi deypried iMAGINGE OF TANTER LD TARRRITES DRUL DENVERY Kl BARCERAN/ OF
Photo thermal Therapy of Cancer" filed on Septenber 24, 2010 with the

United States Patent and Trademark O fice, and there duly assigned
serial nunmber 61/385,977. The content of said application filed on
Sept enber 24, 2010 is incorporated herein by reference for all

pur poses, including an incorporation of any elenent or part of the

description, clains or v ained.herein and referred to
in Rule 20.5(a) of the _wﬁ’%"‘&%" diich A0y 0 B0t the PCT.

Techni cal Fiel.d [0002] Various enbodinments relate to the field of
nanopr ob 0 .particul ar. . nangprobes fqr nultjmdallity opt.ica

gt ng. Smaehifhif 3Rl e SRR EE S fdee of B B
nost pr evpplieaiondbs @dslamodalily Opdenl dinsging of Simaemnibink3Pargeal, Meug\Déddddv de.
Many cangerl s . ar ual di,agnosed.at. a.lgte stage which_ is bad for
the” par Canoigd Goid Halieleh o5 308° Apgialiod in, Phlafnle Sl byaf oipel

iA npr oved nﬁaﬁﬂ}nét Q@rl)bef"Oﬁle&&M Sep@éi‘ﬁlﬁ??hﬁlﬂomdﬁh rtl@ogumst_t s&ieﬁcmerax(% o)
nongst sever treat nents avail abl e, of m ¢ therapy (

is an al %"éﬁeéﬁ&?’\#%g%ﬁaﬁ%‘g&e’?rd& tasRiRRedSRER! PHE ertﬁég*ﬁ’ééi?" i §°‘Ftﬁ‘i‘é’¥éa§‘ﬂ in
recent yeglisationOfed lonPE¥htdntber 24] DOTRUS Moyt Rrdie By ietinct Fat all
conbines a light sensitjve nolecule called a photosensitizer (PS)
that prePWPRYEBIYdNSELINRRIPAREQ ohpny slemeabof Rt qf the desgription; Y¥Ms ofht

of speci fiainke el engdikkdt IRr&e A8 AlfGredYtb Gh Rel<L20.8@F bf e FOXY $ERuKREST €S |
(ROS) that are~ toxic to cancerous cells resulting in tunor cell

deat h byRulsdpBsdthe B§rT-necrosi s. The mai n-advant ages of PDT over
conventional cancer treatnents such as surgery, chenotherapy and"
radi otherapy are its mninal side effects, that no drug resistance
can devel op and its reduced toxileshnical Kigld 5 | ows for repeated
treatnment. The effectiveness of PDT depends not only on the
intracellul ar photosensitizer concentration, the intensity and the
dur at i on[9P2]] Yagious pmbediments sylate frthe fieldofgianensebes. b particulpi nanoprobes

| ocal'i sagj QiushdBli Eiﬁdqhgggi HQgRldeAlryt he phot obl eachi ng
n e

characteristics, a singl et oxXygen quantum .yield of the
phot osensiti-zer. Therefore, it is inportant to develop a

photosensitizer or inprove an exigghi Eg"&imt osensitizer for targeted

delivery to enhance the effectiv PDT.

[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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100051 One exanpl e of a photosensitizer is hypericin which has the
ability to produce singlet oxygen upon activation with light. This
makes it aWOA@P03BT acti ve candi date for PDT. 100061 HPSEFSGE#11/000330
bel onging to a class of class of naphthal ene peryl ene di one ant hrone
conpounds, or nore specifically a phenanthroperyl enequi none

phot osensiti zer obtained from Hypericum perforatum (St. John's Wrt)
is a prom sing second-generation photosensitizer with good

phot osemnsdid tozdategral aelscteadiirgt intsmanetl tdaatb by sebmadis o ttegrosif.offiecadin or

system ¢  adm ni ion of hypericin results in a selectiv

B 2 R TR R A T S e L
p]?t ent : ahd iraﬂiorcliewpsres&ﬁrm&xirgalisdied:ftééta,ghms.iosiﬁng remtﬁﬁdgmdeﬁebpdfld@tﬂog is
of early peopl asns, 10007 ericin is r ophobi ecul.e an
Che r essratoRREL e Tt prrienet fedimedt T LRSS oERBT veibttad ) o
medi a MkRSonSks btk Elubk PhoSdnkikdr @nd@htritlving the e asiensd thezdration of
problematic. Hypericin is ysually dissolved in %%gebgylsulfoxi e
(DVBO) flight imdigtiqns Subsisp %H’ﬁaﬁub é‘abf“@‘fSﬁ%% (the; drereg | 38e58110R IR
hunmans. IQSieachgl FREAMGIBE s Ue | kibYleBNékybaiC T @RABRN Neelbi 6f ogk cal
specificity of such hydrophobi c photosensitizers faor tumpr cells,

del i ver phefpseneifizerHBlasseforsn it i pBB § to é%i%d%-?b‘?tPW§§m%I°§/ FEpioxe an

m cel | et%ﬁigﬁ’%}mv Bfoga{sﬁizal}gr-@%g@@aawe@ @%m%y@thﬁ%ﬁ&tﬁaxe@d gt This has

led to el opnent of I rd-generation photosensitizers with the
nost pr ¢A05] Age cxasule of & phefaseasitifydobpericinavhich Basethgiapiithigdrogice
deli ver y,| G EnORRE AP PRI RRes WNEIRy hitSotRBRLRAGRST T Zer
is encaégﬁﬁéﬁggﬁﬁﬁpétéhhgngpartﬁ%ﬁe or inﬁ%bilf@éd o% t he
nanopar tiDdl. e surface. The advantage of this approach is that the
phot osensidtd i Li d t j b e 1R 4fons GhFdnk Ve
ranner Judsl Fborlel, ABhUAL s bl (Rt RFRapkilafol Refiqlp o Ghél

2012/ 032685ROT, SGC201d sB0TREy mphsnanthropsiyleasquinking pheteesnsitizpy @blainsd
further .advant ages d Sskze. t ity il S .
char act érrofns?? SH%;% 3%?8{?%51& E@t'l %@gisngﬂ%gpgb%l f rtogﬁ%{gat% ﬁcémd generatlon
nanopar tphetbgssitiBir odthngvat ipbdtesegsitizing clrngstarisiics| and t@r@REslectinvitye Topiea t
potential in clini.cal .applicat.i t j . Or tian,
Bt ci et “BBtoHRIGarTER o HIRs e vkl iR e BB FRRAAR, -
absor pt inesplastid tsast drelr ihng iphopgesti peentiahk Mgotehensd gladed dagndsidatres
for Contﬁasa enhqpcediogg&“akm;%%gkng. For exanpl e, hypericin has

i nt er es® Wﬂ &R &5 pﬁbperties. Because of the intrinsic
Raman aqbior| Bypaiciriy peiyilmphobid inokeyle bl ths echultiog iiSohbhityeintndsa nt thel

Raman Spectr.osc SE based. i magi ng t echnj ques on "
obi | PERTIGRCT e GBEOIY BEDE T NAATT: SR or B Beotgtepgitize
cont ri buk@ldnaiPhHYSrRRN ivRlsugfyf dissolvedan dimathyienlfokide i(BBEA)nfor in-vitro
phot ot herpal_ therapy (PTT). [0010]. So far,.it has been repar.ted.that
for a prgt %%Q?*iogéﬁhg?‘g-%eapbéqaf‘?/la jﬁ’_r’faﬁf‘c;rhﬁs’é‘éluf‘?m‘f’? trﬁﬁggg%'{“?omge
aL t aghe%&&ﬁé hﬁ HGpisd] rsf)ébﬁﬁzlitb)bfau&ﬂ\rsﬁlr‘]@lﬁbbialpﬁdﬁﬁfe:hﬂ@.ze#ﬂgfohndtllor'E'J@llls has
t he drawback that this caoval ent atiachnent may . si-gnjfi gant. al ter
the str @e&xms&ﬁws&efﬂmlwoquhfé%ﬁa&% HW&%P@CCP%@TP“E%FW r
reports yaopdfidts AVd BeRh Mevtidped. THM BasNad @PAE ldeedi@netboethbagattraion
coval ent conjugation of the synthetic Fhotosen5|t|zer by

funct i orhptosdnsizarnwith Hsrenserremisingapsulip Oflase- ¢ i ol group or by coval ent
I nter aCt[b?Iﬂf Afev e @gﬁ? SRR dOfivebR DRALRSENShdsbd Bprodch \whdiethe
surface of colloidal gol'd. Such synthetic nodifications may be

det r i memhafosansitiprs iaendapsafedn e gpnppariisleceruimumobilized sndhe payiogarticle

pr ot ocol 5, sho lfheSHRL 5V BV thel SHRtREAREE RMucliPGede ingi tY
of the 6&%?%5%%?@%% &?gﬁgst il”#lr unc?ller adelgaj%}g_).t [C‘)S'Ol.Zr] Thus 1t 1s an
obj ect afmohsitepines eote palecting imanner ovithd thve gxicily dnd asinimd) dlappgshioeths
nment i oned above and to provide a naznoprobe for multinodality optical



[0013] In a first aspect, the present invention relates to a
nanoparticle |oaded with a light sensitive nolecule, wherein the
nanoparti cWe 2pr/03968%p| | oi dal gol d nanoparticle and the IBCIIHG281d/48138¢ ve
nol ecul e i s non-coval ently adsorbed to the surface of the
nanoparticle. [0014] According to a second aspect, the present
invention relates to a nanoprobe 3 WD 2012/ 039685PCT/ 8G2011/ 000330
conprising the nanoparticle of the invention and further conprising a

targeti EHGm}iBPiti@sIu%s.%%i’jltk:ﬁmduyélé@ﬂ@dh&dadv&ﬁhgbg daeied ﬁxeeizefmxtﬁhﬂaity, surface |
nanoparticle. [0015] According-to a thj aspect .phar eut.i,ca
f or mul athsreteristies andiigh e loaging ﬁ%\‘}aPﬁL'&r of the nwﬁarﬁﬁhﬁﬂ%ﬂa’vg‘?ﬁ? fad
i nvent i QondpsriRleO\(G8PY) havbOBL4] pdichtial i Wlikibal agppRedtions diee i @iebirobasy

preparing a nanoparticle according to the inventi anpri §ing the
st eps oferqpriateni efficigntc BlopgiegaHon R P-YAHS A qu‘P’b,P%%ﬁ(E““H r? o?f&“@nt ly

adsor bi rllgso?ptlcsinggéI s&ﬁ%gtt ﬂhrg]?elrt:i@ | GEhEHeR HEE cHdidaRS SorQbnitRCerhiahddd

nanoparticl’e such that ghp sensitive nolecule is immobilized on
sai d suropticed iinagipg oNdrcrx@mpieQbIPFEricinnhag inferasting, 8pwean sCAiRrMhREPAY et hod

compri Sigig u%g P& it 9 lia%nnﬁzﬁgﬂyri cbl?qug%,dft Ndayt Be tREd ifsy SiMFdcen,
and'collec?lng imaging data of the subject or part of the subject

Wi t h optHnbaicedrBetnpmSpledtosoppy (HERN Pased ipreink deshniap@orgp IpEebitigtg to a
si xth azﬁ%%h% a nethod for determ ning a photodynam c therapy reginen
for a subject conprising determ ning.the therapy regi nen based on

i magi ng [0G0Sh Iic addigmt &d that; tENRp alse gbntribite iterppdietiotheymal rpigeingatamp et he
nanopr obe..or, .t he nano ticl cording to the invention has been
admi ni st P@ﬁngﬁFﬂgmgﬁg%%%PyﬁgagrOvided. [0019] According to a
sevent h [a&I0§ Sb farf fohas beee nipboel thadonp plssesnditrer toshe dstivired minatdl, Raman

activity of a.ligh ngi t i | ecul e for ERhan n
Spectro§@8%¢9@§€%§%e%§%gﬁ(?#gﬁgﬁﬁ?% aé?@%ﬁ“?ﬁgaﬁﬁght sghgﬁgﬁggﬂE

mol ecul irivibask [Haothisasleiiti atechnenniay sedificanttyradtentia cpogtatie gheé agfivityhe
nanoprog% of the invention. [0020] In an eighth aspect, the

i nvent i o H5PBOI08RREMZ4 et hod of treating cancer in a subject

conpr i si jog11fdailiel fpets Ggdiuhdeldanowighgidoampaiinlgs terettasedi amvanelegn;

and. per fc%LjngR%n%rt] %'Eeos()jzxtﬂgigg p o%o@ee{sﬁ' zgr b%nfuglaﬁ)ngllljzmget% photosensitizer with a
.thiol group or by covalent interactions of an amine group of the photosensitizer with the
surface of colloidal gold. Such éynfhetic 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 p_hotosensitizer is still under debate.
[0012] Thus it is an object of the present invention to address at leastrthc problerhs
mentioned above and to provide a nanoprobe for multimodality opﬁcal 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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Brief Description of the Drawings [0021] In the drawi ngs, |ike
reference characters generally refer to the sanme parts throughout the
di fferent woem/03%R® draw ngs are not necessarily to sceaitSG2enphssi s
i nstead general ly being placed upon illustrating the principles of
the invention. In the foll ow ng description, various enbodi nents of
the invention are described with reference to the follow ng draw ngs,
in which: [0022] Figure | shows a schematic diagram of a schene for

const r uctdnngising the epmpirtige df dhe MntibABAR irthtr BoHASIskG! dﬁfagge{iﬂgf moie

t her aganost-%c )pr obIe,' Clgg ag_%grg{ance to various enbodinents; 002?1

Fi gure 2SWABHLY (oupled tadpgpyriage el the naneparitlenar ed GNP, and (b) an
absor pt i @o15neebidip &f aGd bépedtC GO LHARRS utial V k] I '

[ 0024] Fi gusrie_ sFlHoEvvs ; SErRS ibgectrg of ﬁl&/lgaér%ﬁlg%ﬂlgrég’gﬁﬁjmggﬁ% in

accor dantaBopasticlepr e RangpioBeIpkthninyentop duBpvifedyur es 4a(i) and 4a(ii)
show dar jgoidiah d feir To]a =W - A 4 .S W.th no
particl eig, i}.n, accor dag%ééé Ioelflgig%?gﬁg;% 0 ?%ﬁtﬁ %e %%Blg%]tgﬁeé%vr%{go%b(i )
to 4b(ii§oMPSRige thasters o8 psoviding esedloislal geld emanopariiele 3ndomint@valkitly

bi oconj : 4 i I .Gl i cordance vari ous
orbod e e JARAP Rl S8ici: iy YRGS of ! QY ARFREORAE fuch oot e
m cr oscoft jepsifjessmplecyle isdnmebilized e safdl spefapelispredidedinoparticles with

Al e T R T e T e
pegy! at exscayding todho paention] eml whllehting peaging duta of) tiRCQbfedn O part 6f Vi@l | OUS
nmbodi S.. 1-:00 i .sh . OCT . f (i) colloidal
suspensi aiar i pbbel phMheat8 BEBHE SR oed o m ic ti ssue

suspensi o / "used to mm<c tissue
scat t er i [A88] (cbonjling ab laciidin lasisuts penshainfo detnkiilg 30phofddySdnkit Gieerapy

nanopart j. 2 x..loll articles/rill); and (iv) saline as a
negat i ve&%%ﬁ?%la,su?]ﬁaac%’ Igsd%cegcr?ig'%tlrh? hﬁ?péﬁé)rﬂ?‘%wléaﬁ?%?n imsewedatei gur e
5b showsolBETedcwith roptital adiivhodulityC maphtz sfedr|the WhrdprobanRaht dakbpR@cicCi N
with (i) EGR idermal .Gr.owt h, Fact or, Recept.or), fluorescence inage;
(ii) ref Ce%‘% (COER? ‘r%‘ag‘%BF’a P ARSI sdP feishbietAtPreYiged  conmbi ned
i mges, D019 dcandiagae at @vatah agest, @RbDENRA tehicorh OB Ithd i @UsEinRmsshows
CCT ref l.gct ance .&a&quﬁonf acal igﬂ@e? of -4312%EG:R positive cancer
cel I's i METBAAEE Wi ¥R 8At Fr Bl ROPISHEr I Purpsrekrhaneed dapian;Spearoseapdance
to v.ari ¢SER®basdil ndiagihg, 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

photbdynarnic 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 i shows a schematic diagram of a scheme for constructing or preparing a
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[ 00321 Figure 6 shows an exenplary OCT refl ectance based confocal

i mages of CNE2 cancer cells conpared with normal NHFB cells incubated
W th anti-WOER2lawes | ed hypeticin-GNP, in accordance t @®Cr&Gens00330
enbodi ments; 10033] Figures 7a and 7b show TEM anal ysi s of cell
section of A-431 cells, in accordance to various enbodi nents. [0034]
Figure 8 shows conf ocal fl uorescence mcroscopy inmages (a) CNE2 cells
treated 5 with 2p. M hypericin for about 6 hours; and (b) A-431 cells

treat ed yiliflodd%Ber hieAciAyBIGFRhbRGHAGROS piobe, prlﬁbeac&ﬁﬂanabom Gafieidr S;
[ 0035] Fi %ure 9a shows confocal ‘fluorescence image show ng uptake of
hyper i ci®fiP8¢i8AtS; ncubat i on with anti-EGFR conj ugat ed hypericin GNP in

A-431 cqhdz3) FRAROT skdveUfaP a HEM haue oF Bk 9Eep@1fedwaidds(ﬁpa@fab§6%hl cin

fl uorescence intensity in A431 cells foI OW ng-i ncubation with
ant i - EGSRectiam o GAtFe ip dvgerdance fvacrps emkpdiys¥s i ci n al one; [0037] Figure

10 showg 0(?42 Lé‘%gré 3 Litsr AEERS shdtera QRH phQeth- Q}l\m’cﬁu Rt i Eehidance to

conj ugate ricin G\NP.conpared to "hypericin i fferent
concent rva!tl'b'-tmslbp@m?gmﬁg from2-20 gM in accordance to vari ous

erbod! MIR23) FiedftsGh)dd Uhdh) ;Lrg]ms% AAEAGRbe 0l BRLAAGGIY £LARCOPY

i mges pos e to PDT in the case of A-4 S
treated thhtdmp(aaycielsvpeﬁqwianceﬁgxmemh@i pisist i ¢ probe,; (b) Hyperi cin

2 gM f

ryper i cith028b PRl S P d Sho PURRIAA) BuBotbhe e THPRLT Aptoll! (1)

t her agnmcEcnlugugnt@bandmﬁmi@ vﬁm‘lt;ypmmh @mQCCﬁdAer teedrioys eobrdinénts; r eat ed
th :

L 0 R R A DR 0P S DR BHRo B RALE S [ Rk

(as i ndipegglaed mnopdmclmﬁ}ehy@amm Gh ectopiane)to artbus embadiment§;as shown by

(e L BR85S LA S0, Wb 5 OBl B E L yPET 2
shows plpegdated gdlé h:{rﬂparﬁgemitlcbmeagﬂ infacaedahceate atitiods@bodiinagts;( a) PDT
o (O ol SO RSB 0P 2
vari ous Igdipill 6RA1S .mibed disue dcdiesny; i (fif)i cotloidal 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 nanﬁgold-hypeﬂcin; and (iii) combined immages, in accordance to various |
embodizﬁents; . .
[0031] Figure 5S¢ 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
hypericin-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 fnicroscopy images (a) CNE2 cells treated
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10041] The followi ng detailed description refers to the acconpanyi ng
drawi ngs that show, by way of illustration, specific details and
enbodi nentwoim2B¥e8H t he i nvention may be practiced. THREIEG2011/000330
enbodi nents are described in sufficient detail to enable those
skilled in the art to practice the invention. G her enbodi nents may
be utilized and structural, and |ogical changes may be nade w thout
departing fromthe scope of the 6 1invention. The various enbodi nents
are not wihQpds Aypdriginnfot b%dutﬂ hews] aml e A-4H Slistreasbeadth ypescis-an- be
conbi ne%ﬁ;wl ttg one or t her, -enbodi ments to form new enbodi nents.
[0042] ?TP%’PS‘&SRS% OH ticle |oaded with a |ight

sensi ti y@38PFigek R, shwee@ifcsbat heorbRBeRainb iR wiry @tﬂ(@df(hy?@icugé’ﬁed
nanoparticl e and the %ht sensitive .npl ecul e i-s noncoval ent|

adsor bedChRRUOR I 3t~ njuggenpsHer OGN B A-431%e8%i ded. [0043] In

the confgysk Pigueéésrbl Qbws erﬁmdim‘eﬂbﬁasoﬁ € hiSidin ﬂlﬁ)?&@éi&é ifibdRity fBX- 1 ef er
to an object of a size less than-about 1 mcron or 8 For exanpl e,

t he gol d3heaVspeliowing mcphationwith pefirfEGEB. qenivesehhmgriciy M ypedsine. | n
vari ousaggpodl ments, the gold nanoparticle my be about 40 nmin
si ze. Dependi ng on t he shape of the nanoparticle, -the size relates to
the di al#98@} Fignre| Khgjowvs of piphdlusteasipg dhe derksipxigity of enti-ERFRagoningated
enbodi icle
oy be SUEEE A G EalERD ik ShitchidBre (il oRonaPENe
gol d nanoacoetdalaegnvmomandﬂdbeenm gol d nanoshell, a gold nanodot and a

| d t fied
a1 9 S By SN A0LS, ARPRLACE IaNEBEIRERL i DR Ul {1 o
(NW absergdT mn;heuqalseabéAeﬁBlsq:n:ﬂertneatad wgthl (d) Hatpetncm -48-EG@ Rutemihostibet t er

t han t hat of d nan dditio X Ay -
sur f act gﬁ (b?ﬁ?'p%nfglrrplpggstc) ﬁﬁe{lf‘m Lp?#y?((yr Ao ngﬁ)rﬁ g%rﬁegfggpm,é\%) , on
the sur iLM:Qf)(Hypg@duﬂ 10 aND (Dds-4Bhyellsitrgpted Wthypermni-Amﬁ(iRm&éraésostihe '

hapo,  AE0E R it 2 RsRaPRes iy @pleh PRy idrofi o ™

spheri cahn@ebﬁlbaﬁmanartl cles with a nean di ameter of about 40 rim In

ticl di
00aa] " KESOEEGR o L Fho RERpta o HEATRT Gk o ireO A, TPRSS B¢ er ¢
to gol dmaiada&ﬁalfyt t}el whiteC afpable@ #éa) fand Men@sia (esalslhamdby Ahe tibhtai shaday be

par 11 of GRigaR 3afs Vbl oo faRbB DT 8% B PR for Sk Wiy

however emb&dimu®s 2l their si.ze (typi cal I y i n nanoneters) aqr the

di st ance between them (al sq.t LcaII nan ter ir,solid
cores, hRFOLFENEdP shows éﬂ%t‘%% R Eﬂ“ﬁ‘? %ilacﬁﬂge Brﬁgé’“’t‘ @%ﬁﬁiﬁﬁ‘ém
tend to@aurregaioaliSyen dohentritia df@hty-Emr@n}ﬁfgat&d R}RAGKIGNPEnd HE-
nanoparticles in the solvent is diffusion. ‘col l oidal gold

nanopar IEQ@B@NM?P%W%@Waf’%oé‘li@‘:%ltod’@%’?‘&ﬁe&lbﬂﬁ‘tmef“ét her only a
constituent of a colloid. Nonetheless, the term"colloid" may be used
to denote the nanoparticle itself. 7 [0045] Coll.oidal gold
nanoparticl es may be coated Adetaileddgscription ysing different thiol

| i gands capped by chem cal groups which provide a variety of
solubilities to ﬂlve the solubility propertles of hydrophilic, .

hydr ophd®4é] Thaigllewnpl dpiniled descriptiensfagplodheverompanying drayiegséhather ef or e
sui tabl g, 40y q gﬂo#mugt?a%gﬁ PleiAPRAAiS3hd %@aﬁﬁeﬂa fhisidihe BYEhRAD and

envi ronment’s; acting as a tvery vehicle as as a
cont r astmagde ptach[eOOYt@]se @eb@nmmtmre destribeiddn mffi@@m]daf@ll bt enable ﬂh)8¢ | ttle

| t t .
0 10 SAled B ORI A0S LR Bl b RBRs ARt ot os
funct i os@hdharalf mm‘lrloglpn} shdniged mayyba)ﬁadelvatlmnq dsrga‘tmg)fmma]m scoepoftie adsor b

hydr ophobi ¢ drugs on the surface a%d t unabl e phot ot hennal properties.




[0047] In the context of various enbodinments, the term

"non-coval ently adsorbed” may generally relate to a non-coval ent

i nteracti owowpi2oRIess a type of chemi cal interaction or Hearsshizeng/000330
typically between macronol ecul es, that does not involve the sharing
of pairs .of electrons, but rather involves nore dispersed variations
of electromagnetic interactions. There are four. conmonly nentioned
types of non-coval ent interactions, nanely, hydrogen bonds, ionic
bonds, varnter THéadrBuf anleRimentywle hotGeapdobl Ruiualpexalikivgns soh¢ vari ous
enbodi nent s, - the non-coyal ent i nteractiqn be a hydrophobic

int eract&lﬂ%ﬁf?l%faﬁw oA Pt S8 POROTREST SRR o ACE Wy of ¢ he
l'i ght seR$bdilnésisl ecul e unaltered, as there is no structural change
i nvolved in the adsoiption process, Thus,. this -type of hydrophobic
adsor pt ilM42hin hiisst #BectRn R lp%céww?wér%ﬁmnagéﬁglpkf%rw S BF s of
st ruct ure, 2aficRCH! & Ed11bidaP eokd! Sanbif@tidld ait) @feOBI aBAsHivie RS8R (PRI -
[00481 ThiS is in contrast to a covalent interaction, which causes
cheni calcoyabentlyadspried to the suface pf the grnopaEpls it proWded| ecul e activity.
Furt her | - ' Ciy ‘ fFert |'i ght
censi {1 3 R ey I, Rl O o
when compgeed atsize tevythheattout himégrerceri lomms.. [ 0049] The term "li ght

sensi ti nol ecul e" ener.al e red, t hat
o espd s P o B Ne AT i BERlE! FUaBhe o1 B0 B HE b
chemi calvaficuswibbdiagenphths igodl naadpartgdsmayf bt hlurd esuineizer Dgrending sn

[ 0050] In vario enbodi.nents,. the || ensitiv | ecul e be a
phot oser& Eee?fjtﬁ? Hal}oﬁ%ruﬁ%hﬁ]%%t_ze Beﬁat?fatgiq%% ERG0 |1§%E‘tr{1$§,? FRer rf%?('?n
" phot os gfitdtiireZIaVarioi)enfpeditieals| tie sieé drthd mean pmtidesizar gid airopartcle

species that initiates, a photochem cal reaction. More specificaglly,
Tt mmy PRV ReSclRned 5o e gk FomsiiHen oLt ol Paasaidy 4 Bolhopd.a gold; 1
oxygen inandtite, k4l ahedhel\\Ogdld hatdI3OMARGT ﬁ&@&am&@agﬂgolmmrbddal to
produce reactive oxygen .. ci.es. React|ve oxyge eci es ._be any
ohom calaTeoRmPRy B U RRD e SR PHURIEEERT SRt Te o RER P& abl o
nol ecul Qﬁﬁ@é‘d’@ﬂn? Ebsbiptiph, Qipta@X ¥OGherical 2818 ParsipRs isasudlyUetigtahdnuthatasfe not
limted to "singlet oxc%/qg%" (i.e., m)_l_eculd%r oxygen in_either of its
two met &ldabpanciedst e SHdditionaig r B ox9YEIY 1 i cTEantEo oL Pary
phot osenRgiyliimeh§lambhdebroRites @CPABYonl théthirRde bP bl PeKdrédsimay limit

Phot of ri n, Vi sudyne, am nol evulinic acid-in uceg )r Q opcirphyri_n I X

( ALA- i ndiriietppieationg Asphpaipke oyt hrasParttlfgerer %55&“ ICANY AP &S iSHe 66
(NPe6) Qpq LRSRI PRYikiuh uphlePineP BRNQNE mA BN AR ed B9 %&g%ﬁéﬁiﬁl gold

but yl ophenong, 2-napht hyl phenyl ket one, 2- napht hal dehyde, 2-

acet Onaﬁﬁ@mﬁ@lei-\"ilélbmWeﬁ‘héjh‘}ﬂ‘%@t g’f]@pq)ut 40 nm. In some “embodiments the

- acet ongpRt NARRs rNaRPidIgahseBNsese, f | uor enone,  1- phenyl; 1, 2-pr dpahe
di one, benzoethrile, acetone, biacetyl, acridine orange, acridine,

Rhodani ri@04d] Asousede herkinyctiesteen n; copiplc geldpmaneRagioleani Erpdo 4 gold
m et rah%%ﬁ%g@!&g&géa%m &rfoﬂnwm%g&d. Al LoHERY Aay bEUkdIGbus %(g%‘é!l)lﬁtion:

I
Anphi nex, onet henes;, and a m xture thereof 10052] In various
enbodi ménthsare ayytms obmakstulesz @fomyesy partists de asiolighie iThe ponppartiglss af a

activati Al t q S | : or a
gt ericheii eyt oBors R of (O ot B AR h o iierd e Aflee ) 7
t he randetveenthabdalto BPpicaHmic manduaiers)3@od rheir $@)B5ETes, Mmay ajtseddrmge
aspect, a hanoprobe . risi t.he: I r.di

ovent | GRoRRI PLA AR Rk e R PR AL W Wl Pp i
coupl ed dfotrddagors dof alee nafophitielenanothar tolehe is sdiffason. déed'/coll¢i@g5431d | n

t he context of yarious enbodinents.,. .the term. nanoprobe" .ma .
gener al I%fngraftisle t’BayaHmu% I‘tgle?{s@ncgh?lpvbeut (r%ﬁﬁ T gy )2 &é‘\%l“geen%tqﬁaat X‘i’llsm_qjsed
as a sulNgeihkldisathe teineetliod’ hode usdbioalesqe thehammhitigle ifsélf.conpri ses
very smal|l particles that nay be usjed in the detection, diagnosis,



[ 0055] In various enbodi nents, the targeting noiety may be sel ected
fromthe group consisting of a small nol ecul e, an anti body, an

anti gen, amoabhiobesly, a peptide, an aptaner, a cell suPCaSE201@08P300r
ligand, a nucleic acid, a fibronectin, a protein, a fusion protein, a
peptide, a biotin, and conjugates thereof. Al so included as targeting
noi eties are anti body-1i ke nol ecul es, antibody fragnments and anti body
derivatives, including but not linited to single chai.n anti bodies,

ni ni bodijgas] dbiad g6, nanbieEcdsi MayTbé ebAied aﬁostagﬁieaarsﬁxg daffeteithittiol i ke.
The tar (‘geti ng noi ety may al so be a che cal g{éﬂuql exanp e an
1

or gani c lg¥Ida Sapped by shemical go%??a\'”l“‘ﬂbﬁ’ﬁ%( eca HIBE liftes i &fve

embodi MgRLSilint fgsﬁopfehi%sn %'hyﬂi%rﬁh?z’ B ¥roPKobie, TRi@| ansipaliRX . THROS&Ld The
targeting noie be coval ently coup led to the surface of the

nanopar pmm@t%@?;@rq prforgysuitahla der ‘F'G‘F f‘é&%ﬁﬁ‘ﬁ%’h"%‘w&s I 4ilPreE SYFBEy nay
be poly ! ) GRfiverbdny@e ANRIRA T contPasPideRr

enbodi ng%@sﬂvgﬁﬁn%%lﬁﬁgéﬁgggge{%agaa ly?aocare 03n prgfcgrag nga | i near
hydr ocaf@d6l Gmwmqlmlsp@gmp@tmﬁnhhwmr ng Jpng ¢qrm| toxigipy 496 funable in

enbodi r a h r

aci d, gg%@}fﬂﬁ%% or s?E('g fallnEe'. &Pfrcll g{lsl I%?Jx?,lt%;‘rr:t t %@dgk%gp%%ﬁtg ?‘G a@?l nker
is a or @amt:mahndtnenmoembﬂlt}mﬂ hiocohingatidng abilitygiocadperb hydrobhobic émdﬁ ami ne,
di t hi ol r ke. In the context of various
enbodi mlgh Lugfacte nélﬁe Sﬁt%k%gl ﬁﬁgﬁ? l‘Jtéﬂ

er m may be interchangably referred
to as I[ounmakn thob@ttgrt odwarfdus ninbmd&mex@t@(lﬁe?&nhrﬁnmacovalﬁstlsendsoﬂhﬂémx t he

i nker 1s i r angil . aby to
about 8BOUTGreREg g R PR Bote B 00 b BIEb B oL AT M L2
as used bhﬁi’@, fypidaltg btﬂd'eﬁl rBEﬁnﬂdemﬂaat thetednes smoinvodusa thashaciny o EGs 0100581
In vari o nt.s, .the na | tinmodal o

nanopr ofi&" Sin nblﬁ}gé%E dPiatyes n?‘ﬁ%gfsgerr?ﬁ Wﬁf?nr%)éa e,croma T B0 bl aV| ng
or i nvoh‘libzﬂgafe‘ efoef abmmelRs memidcial i types of otonn:axalem mﬁlnzenbm: mahnb,,des
may generally refer, to tern ties ctl nd/.or g
condi t i gﬁ@“’ﬁ% W%H"‘P‘M%B S Yot BEI'dWﬁ?‘E?‘I% 15t r"i‘Bil gph B’FC %‘Z%cggnsormf or ns
of del i w&ighs hdotinfsts, 1Ha ﬂoh@vzﬂaﬂtmfacndmay e rmhydmﬂ.abm tihtesittiand

d d int h d to.th t
boi ng dEDBRPRBIG TSPt Fey BHA BT REe R B BEAeTERR g eered

exenpl any thefPRaR sthodrd) @haigk lialvedas ake ﬁéﬁﬂptlaﬁ peRBRr E]il.@ﬁtlﬁ@fppgroﬁphy
or fluorescence or brightfiel gﬁ]?ég olarize 8ht or darkfield or

phase .c GHiPRIOPIC adsorpfiadpaintpigs, YOG BhQIRRFEN AT pyergys of structure

ultr asogg@g@,phyfor}{bgsqugg%@lagnﬁayerw(pgms mul ti modal ity opti cal
i magi ng theraﬁmostlc probe for_ di a9n05|s In.at |east three g tlcal

modal i t i00Y8LThiRAY 1 caBirash iy HEqraleRbinteraclp s PYhig causss chemicalgpediicatign o

third aspaehiigh s%ﬁfm&hle%hwﬁp%ﬂtﬁeﬁhbx@nwﬁl@ﬂﬁf éovhIRgk ih@Rictions, the
nanoparticle or he nanoprobe according to the inventon is prOV|ded

Such a pﬂaasm%@eﬂlebtaﬁen%wwpq"ieoﬁioreéh? sqlﬁ PHOPATHElf PN bmight be easier

phar macgyti E@fhﬂa}‘edat%@\ﬁa%{ g,té;&g,{,ﬁsers and/or auxiliaries. Suitable
agents are known to those skilled in the art and are for exanple

descri bd@4PhTRetemglishi' ssnsitivarmeleain”i may eoeraliidegelmnet o s molper -
Publ i shigng 15%130?58%809}1%111%% I Bnib RGPS5 RREALE thAlReELknfd4 bELRNGRCE i N

its entirety accor an_ce to a fourth aspect, a method of
pr epar i physicahetnogeanf the lnwlesoleprapsitiey t he st eps of providing a

colloid Nonar V, Jebght .
sensi ti %Osﬁmnecu {ff'i\;otdh%éngsﬂth?@gh P&ﬁﬁe ﬁbl@%é giéQ }ﬁt%lgléﬁgtﬁch t hat
t he |i ghiie cmfwt of \meommmmnts therterobi phpmedlsmne% a{rlad gnnrﬁlbqurso a
provi ded. 611 In.vari.o on- ent

P eor bt B EonpRiceRtfdiarRRRg FERb GeneltS) Rhffn b RSB aRAY R

ol ecul gndyntiateac agéntd whioh,oareprstisilagdtiydighglrbai dith ogyded imdrogffected cl e,
and sonicating the resulting m xt urse for about 2 hours at a




[ 00641 Various enbodi nents provide the method, wherein the
functionalizing step may conprise nodi fying the surface of the gold
nanoparti cWe 2mi2tob96as | i nker noi ety and coupl i ng the tar FETISGZOIIHONESE0/
to the linker noiety. For exanple, the |linker may be pol yet hyl ene
glycol (PEG or a derivative thereof. The PEG may be a PEG
derivative, such as-carboxy PEG The linker may al so be selected from
the other exenplary |inkers disclosed herein. 100651 In various
enbodi nmemasrialt teeplotudeereattive Caxypax ¥pdRes Reatibb%xigbﬂcgﬂegg@l,ﬂagi B ast ep
further %%%pra'?rges ctivatbn the-%arboxyl group of the carboxy PEG
with N Serttel PR A v g heldy PPl etrisdhimtehie pebseylanpideen
N- Hy dr ox@giptationiygende SubliSpected ihidhid® Bln agy hbSRIER 1A Ssirfdler Bk %c\ﬁg f:?} er,
0 0

and reacti ggt he active esfer with am no groups.on an ant
coval enti"ﬁ}jg T PEEEFHR SLHT P ompptasishlestaiesh and Bee eiyseryotligals.

nanopar t j005H ExembRETplbotdieRsRisUaahed 130k RANARRE td Gl riOPBSdAS
used her\gl n the_term,"_car_bQQ/I roup” refers to a - group. The
term 11 ° ISWFrc?ﬂg?%ﬂﬁ'hmgéﬁérl qcsﬂg prefoperphyrin @A LA-indeted dpdK),dlosaap, - NH.
The ter nBhorANsMaono-I. RYSHQX ¥hloriPEEAN T nc uch groups that
have been 0est eri 19 ?Oed o&hgm d(i)r%i ed. P%?%%é%%%%ﬁhhﬁ?%@%“ e tSBJS‘f)’s
used to Yarldshedeest butylppheaeicn Zmephamilplichylketonepn Zinephtnddshydep t hose

of skil ek t ar ng@g' be, 0. reference squrces

such as G erégr?g&gﬁ% Vﬁ{}% P H@}g% ct ?A\lll)eg’ G-lo%c%g%lg%ﬂt%nﬁ’ani fcn@?fﬁi‘)ﬂlgéhy % 3rd
Ed., JoHMowapes 1pheud 2-Neprnydidug, idzoelldDE) acetbries hiatayl] seidine oFaied

herei n. 1Q.kh I n [ rma.gester), refers ta a ¢lass of
organi c aggﬁ%gugglgh%@%ﬁga ?‘Sr%g% aﬁ'poggsltc%n’an%ﬁ%)ﬁ |h5151ﬁ03p’3_n1rf08%681£-|-ﬁ5 tefm -
" bi oconjtefphyéraxypbenyiehioopalmTHPE), rAlienesa,t oLauia) d M aAkphinex, '
coupl Edé‘fzqtgii?@é’rﬁé’t‘?éngg%faﬁ%x@re%?e‘ée%lient | i nkage. [0069] Cenerally, a

colloid persion’can be a hydrophobic dispersion or a hydrophilic
di sper si(8452] Wheardus enttedinetso phgtdtcseditzpe nai qRlodmy shglet oxygen upon

th d 1: : bl e if the di [ di um, onti nuous -
phase) TR st MR Rl che LR WS RBRIG A BetipEpUe s R

unst abl €LED). fThe lightspers moy havedi wevelefgth inhe ta@k &#omSdbveod nnl @Q¥Qk | N
various ¢8 di ments, the nmethod may further conprise adding a
stabilizer prior to the reacting step. The stabilizer nmay conprise a

sodi um 4efisg] bf orsexdrmmpces, asmmliopidbazbmfrisinddBE Landakidle bQoldde fe@et i NY
st ep, ”i‘r?vexrﬁ?c}nhaog further- con&r.i se Perforn‘i ng a separation step,
for exafple a ai %50@?@&3?8’” Enpeiehhravalentbicqualsd o he surfacg o “as
EDC and thd@nopatiitleds piooide€nove the stabilizer. [0072] In various
enbodi the targeting noiety is an antjbody. The antibody

i ncl udg‘i&‘tnsak'itgeﬁ ?"? PRI FEbadments, fiedam TRERFreRsT Yy sepesubirefenct or

Recept org amnhriakewdjtiver(ogital ielicéiaia? Nowsed Hy a80L-ERILEE rd%i%l:técglrtﬁgﬁ R%Jré‘d or

Recept or tibody. In other enbodi ments, the antibo y be any

2 . [
sui t abl épeé‘t#'ﬁ?l othyorhaTes Yoy §pk rartipleshatrast berused in th detestien, dfaghasiser est .

“and treatment of cancer. ‘

[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

9



[0073] In the nmethod of preparing the nanoparticle according to
various enbodi ments, the nanoprobe may be properly fiinctionalized
usi ng PEGwodoiosmtent conjugati on of the anti-EGR antPCbsdy(11/000330
anti-Her2Neu, or anti-EG-R affibody by am de chemistry. [0074] In a
fifth aspect, an inmagi ng method conprising adm ni stering the
nanoprobe, and col lecting imaging data of the subject or part of the
subject with optical nultinodality imaging is provided. 100751

Gener al leYample BAbighii® G@lecu¥RgicHEs & ¥R BrdaGicandledls ah othebghingimansd, em
t hat conbi nes, opti.cal, radl oa(itlve and magnetic inmagi ng nodes. This

met hod é‘fe‘ihﬁ*ﬁﬁﬁlﬁ@mﬁtﬁwqy PUeFea! fYBRIEX-such as positron enission

t opogr apdise] PR taidling MmbiefyaRsARGRvARAIyRLEpIITINES GRAGSARe ﬂ@llobarﬁéle
ma.gnetl C resonance spectr.oscop and Sl ngl e phOt On em ssi o

t opogr aphy linkise n@t%mm% exmnl%»ﬂ g eyl yrdylcep éh@ﬂ't EEG mv
and PET ,5Gansi asve Mikleof Sin! SBY! aﬁvaddﬁﬁén'%s Wiy d hnk&%eﬁsﬂ [sVE I ghx%e@mns t hat

illuminate imagery 1 nside a body. D fférent nethods may be used

st udy hpreferatily s Jimean hydrecasbore chaipewith h%ﬁ%b%ﬂr@m atamsg Iﬁeﬂﬂ’c:ﬁlmlfﬁct ors
to see mubLiRl G, RPRGLS 1 fnolilepSANE, QIR o By SHAFRLE, PLR FIO6A or
anyt hi ng pr esenf sSp eci t ffssue: its size, Its exact

| ocat i otthedikd. Intsgll rﬁtnthabcmqulramta, thetlipkerihia orsania edlachlerwithl tivgrfepnal
anal ysis_of th b r

val Uat EERPbF AT Fieh bkl aSH b HIHE WeSHER of Diions
ti ssues embodimlemsuht teyi ‘dinkougdnoibtyh oy laa intemadvangsblyarefersd He ras (fhioker al
conplicati. (%? &76‘] I n various enbodinents, the optical

nul ti mod&l' 1glng may be in'vivo imging or -ex vivo inmaging.
Exenpl almosopru miouﬂ‘dﬂnbdrd‘ﬂndlab i thy linkemgs REGnigay irigea mleeclmee&erfghbmngmg

rou c nsi stin f resonan S ng,
gonf gcal Tof %’ g%og t8ga%gﬁa%dr%8 o rgb%%?mg‘p?l ca?éb otﬁe %c@upon}tlfgtf %%hg
(OCT), SBEGa(aeu:Eﬂhad&ﬁemcﬁammmﬁmmﬂyas(cﬁﬁsy PEﬁd a conbi nati on

t her eof . 7] l.n various enbodi nent 1 on e sub ect

F r om w58l ety Aoz 1 Teopmats e Bohgradebon iAigyRah

exanpl e Astdied he#élB the & “WRYtiDRIaE BANCET t6€ Balingdér iavaaing e¢vatd rm::dhd

l'i ne. [0078}!E For the i i ng net Hoq accordiaglg t{) arious enbodi ments,
by car eftfdalitiFs; HgmEHme; SIPape BYY eIV JET éb?‘ﬂt,emtshgmﬁ Bbr obe
may be ysRdodstind e eghditions UEwWhiBRGYd6r MEfentifferpitiroahode Oj16dcedes €r forms

t onogr aphy,.. NWi nmagi hg wi.th m)dl ted gold anqpartlcleg such as rods
and shelof deliisey A aged E‘hg?%%‘lf‘é‘?f&é g iy 39feMedes HRaY be used

phot osenRgtthagibl} labd &a&s |5 Gl ¥xfopén)eaﬁa9@hge detediatly P@rdifférent tddhdfues.
changi ngﬂthe ‘si.ze _and shape o CO||OI ds old ma enh%nce the utility

of coll QI&ISPS%ﬁ‘H‘HVOFX‘f%@anm S0 el s‘é’é‘f’%‘dmf’ FoP¥ED FOGFINCH a

sixth a%&ﬁ&gtrapw SEhiecERE Sebeihmidd 9 polaied qgnﬂemdarkﬁbﬂr &Pyhdsegi men
for a subject, conprising determ ning the therapy gl men based on

i magi ng ceitah ph@berﬁagsrwé%w w1 raqdes srckias Hlt'aﬁﬁnpgraphw % RHBERRPS TPy
I magi ng (gL g¢ mm&o@aﬁ?%@&? uge{gu{ghﬁeﬂagrb@@@ fob& ¥ dlAsodheiakt AL et er ed
to the subject 1s provided. hot odynam c therapy (PTD) program.
may be @thl @ddwtlphaspvﬂik@ﬂ)h@tp?hﬁmaé trempy ef ¢a8esrs provi ded by pl asnonic
heat| ng rhisHs REMm

" phot ot rrgfnt §¥]¥r§ asn%& Lgﬁégl%%rqg 5‘5’&‘]3%3?@?% a glggﬁf)ﬁdéﬁ%argﬁ ggglf)c?at ed
wth el e:amopmtagmdlng toethi¢ Bvérden is pyyided n¥pch R@hpimecosid icompesitipnshn
mat eri al h I y t D .
oy, 1 or iR bt G RURPUEL R Bl IR o B SURER dpen S
| aser rasajkricam togthoseaskdiledhini the raanamdaare dordedanpler d@gmlgaérly R¢n@@@804’sI n a

(SERS) BRCBCTHES Rt T AR RS Ra I e S Bl

sensi t i \nereiffyaefetefics indBentiery. t he | i ght sensitive nolecule is-a
phot osensitizer conprised in the n%goparticle or the nanoprobe, is




[0081] In an eighth aspect, a nmethod of treating cancer in a subject
conprising adm nistering the nanoprobe; and perform ng phot odynam c
t herapy ornwoh@i2esdsgect i s provi ded. The phot odynam c t PETSGI10H0330
conprise incubating 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
"react i YoD6OKMOREordsRE i:cﬁ@f‘oumiysgb&t, 4 Rle®bg bopgpdiing alr@hcpartiel dotnpéising
"oxygen radicals" or "pro-oxidants", which are no|ecules or ions
formed BiF stere of Previteet @lside- eoldrarrrtivie #id PPHROYE ﬂ@&@f&@%‘?}ﬂ%

react i VeeRie eibldclieth BRIk tRS offe 1€ hbkthPadicRABuER tHAXW@Ebht sensitive

super oxi des, peroxides, hydroxyl radicals, and-hypochlorous acid.
Gener al Pplechlgavimiyebilize] geprid ptrels PEYedi bute to the rnicrobicida
activit Yoggh) ﬁ*@qeﬁy&%dmiie%&yih@ueﬁ Bf Afn-&vRAY adbdrBing tHaG LhAPrianddiagne
expression,” and the oxidatlve damage to nucleic acidS, proteins, and
| i pi ds. as0BEed of therlighhsepsitive molesplenptocasrbutionoawrigng dhe eplleidal gt i ous
enbodi the, ld :Fﬁ%n[ﬁ ' -ﬁg;f.élig 58,08rs RPR L QBRI 07 €T -
The rre?ﬁgﬁc?%?%%ﬂgbaerldb%g}g n %%!rﬁg{lg?% 0 ar ?%%épt 8r in or on the
surfaceabdut2h&C.cell. The receptor may, for exanple, be selected from

the gro sisting o n_ integrin somat.ostatin r.ec 0
cpi dor rmifosaf o ArroeapofBenh, S i S RD) e e B e 4
gl ucose fidcanffgng ake (o icleawith| Aatagdtimgembivty, Asndsed lsdréin,othed term

recept or, 0084]. I.n the caontext of .various embodi ment the term
"about " B\n‘[‘“’%‘ﬂ%ilﬁﬁf%’ V?e tﬁﬁﬁlapé‘agtﬂbncio??gbﬁéoﬁp%o{‘}g%eesuéﬁag% faasses
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includes but is not limited to an anti-EGFR (Epidermal Growth Factor Receptc;r)
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 propetly 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.muiltimodal imaging system is a medical imaging system that
combines optical, radioactive and magﬁetic imaging modes. This method of imaging may
include modes such as positron emission topography, optical fluorescence and
bioluminescence as well as magnetic resonanc'e spectroscopy énd single photon emission
tlopography. 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 nﬁay 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 thos_e tissues as a result of a
condition or a tumor or any other medical complication. _
{0076] In various embodiments, the optical multimodality iniaging 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 imagiﬁg
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] Ina 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 the nanoparticle 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 photoexcita_ltion of
material resulting in the production of thermal energy (heat). PTD may, for example, be
used during treatment of blood vessel lesions, laser resurfacfng, 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 cighth 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
tﬁmor ce_ll to allow internalization in the cell, and upon internal.ization, illuminating the
cell to cause cell death by reactive oxygen species generated by the light sensiti\;e
molecule of the nanoproﬁe. '
[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 eﬁlbodiments, 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 epiderma) 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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[6085] The phrase “at least substantially” may include “exactly” and a variance of -+/- 5%
thereof. As an example and not limitaﬁon, the phrase “A is at Jeast 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.

[ﬁ086] In order ti'lat the invention may be readil)-/ understood and put into practical effect,
particular embodimgnts will now be described by way of examples and not limitations,

and with reference to the figures.

Examples

0087} Bioconjugated nanosensitizers or nanoprobes such as optical ‘and therapentic
probes for the detection, monitoring and treatment of cancer are explored. Various studies
are c.;am'_led 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 chan_ge' '
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 targetin:g. Targeting reduces the toxicity of the drug by increasing
selectivity. Hence, targeted nanoparticles carrying load of photosensitizer \;\rhen 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 oxygén species generateﬂ 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 nanéprobe-based optical biopsy imaging technique has
the potential to provide an. a]temative to tissue biopsy and will enable clinicians, for
example, medical doctors to make real-time diagnosis, determine surgical margins during
operative procedures and perform targeted treatment of cancers.
[0090] Generally, gold nahoparticles 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 cabability in multimodat
platforms. ‘ _
[0091] In the following examples, the use of éntibody conjugated hypericin loaded GNPs
(nanoprobes) for multi-modality optical diagnostic imaging and therapy of cancer is
studied. The conjugation of photosehsitizer to GNP results in improved effectiveness of
déstroyir_ig tumor célls. This combination of nanotechnology and photodynamic therapy
may provide impetus to widen its scope as an alternative method for mulﬁmodaliiy

imaging and treatment of cancer.

Scheme for constructing multimodality hypericin-gold theraganostic probe

10092] 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 attribﬁte to differeht
functions. Appropriate antibody conjugation allows for selectivify to cancer cells. By
_selection of gold concentration, particie 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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[0095] Table 1

Entiy Representation ‘ Roles
Gold nanoparticle = Imaging
* Hyperthermic Effect
= SERS Activity
. Multiplexing capability
= No toxicity
Hypericin » Photo Dynanimc drug
» SERS reporter
PEG - * Protection of Au
MeO\/\oé\,O)/\,SH » Stabilization of SERS
o no » End =~ group for
bioconjugation '
HOOC\/\Oé\,O SH | . No Biofouling
n »  Reduced toxicity
HaN VAOG\,O SH
'n
‘Antibody  (e.g., = Active Targeting
Anti-HER-2  neu : --—<
or Anti-EGFR) '

[0096] Photodynamic therapy of cancer is governed by the drug molecule, while
photothemia] 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 gdld nanoparﬁcles of appropriate size and shape using UV
spectroscopy and transmission electron microscopy (TEM)- for Surface - Plasmon

~ Resonance (SPR) and size characterization;

Step2.  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 polyethyleﬁe
slycol (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 nanOpérticles 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.

Step7.  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 HCI: 1
HNO;) 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
Srought 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 récorded 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 ad'déd
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
1M of heterofunctional PEG (PEG-SH-COCH, 3000 kDa} by vigorous mixing for 15
mins followed by the addition of about 3 ml, 10 zM HS-PEG-OMe (5000 kDa) under
constant stirring for about 30 mins for complete coverage. After complete pegylation,
excess PEG is removed by centrifugation and fesuspcnsion in phosphate-buffered saline
(PBS pH 7.4). The centrifugation may be carried out in 3 roundsl. UV measurements are
carried out indicating no aggregation and SERS spectrum shows the presence of
hypericin ev.en 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
c-arried 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 aiJan) 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
mﬁ. Abo_l.xt 20 ul 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 .of the nanoprobes to
cellular receptors is assessed using dark field cbntrast imaging and confocal fluorescence
microscopy. Briefly, A-431 cells are incubated with the nanoprol')es 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,
. Auburn, 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 dichrojc filter
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and detected through a band pass filter (BP-610 nm; Omega Optical, Brattleboro, VT).
Post—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
seeded at 5 x 10° cells per well into 96-well plates and allowed to adhere for about 24
hours at about 37°C. Cells are treated with various 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 kit, 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
63;0 nam és the reference filter. Absorbance given by untreated cells is taken as 100% cell
growth. -

[00107] In-vitro phofodynamic therapy (PDT): A-431 cells are seeded at 2 x 1_04-'
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 ap0ptosis and necrosis using the PromoKine Apoptotic/Necrotic/Healthy
Cells Detection Kit (Heidelberg, Germany). | |
[00108] In vitro photothermal cell studies: To assess the phot‘othennalleffect (PTT)
of the GNPs used in the nanoﬁrobes, the cells are incubated with medium containing
different concentrations (5-10 pgM) of EGFR antibody conjﬁgated GNPs (without
hypericin) for 45 mins. Following, incubations cells are irradiated at a fluence of 1 J/em?.
After about 18 hours of incubation, 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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Met hodol ogy 100971 Ceneral steps involved in the prepartion of a
hypericin-gol d theragnostic probe are as follow Step I.Synthesis of

gol d nanoparticles of appropriate size and shape using W

Exarhnle 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 covalent interactions which will eliminate the need of chemical modification of

the drug molecule. Surface spectroscopy techniques may be used to study such a .loading'

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 Hypéricin-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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spectroscopy and transm ssion electron mcroscopy (TEM - for Su

Pl asnon

Resonance (SPR) and size characterization; Step

rface

2. | mobi | iwateienswés hypericin on gold nanoparticl es usipog/s@¥h11/000330
spectroscopy to ensure that gold is not aggregated, and SERS to

ensure

hypericin is attached to nanoparticles. Step 3. PEGyl ation

gol d nanoparticle + hypericin conplex using polyethylene glycol

with desired finctionalities. Step 4.Activation of the carboxy e
groups on the carboxy PEG with EDC [ N-(3- di nmet hyl am nopropyl)-N
ethylcarbod||n1de] and]NHS [@;HydroxySUCC|n|n1de] and di al ysis of

acti vat e

cin '+ PEG conplex to renove

of
(PEG
nd

unr eact ed EDC and NHS. Step 5. Bioconjugatton of the antibody to the

active

ester internediate for successful attachment of ant i body

f or

tar get i A@P113} epn-gitwyr lopslizatianonolf anthBGER ¢ dabaligdit duipagtsind GhEnogwmsi ¢l es

| oaded il Ha1RRR5P ﬁﬂéﬁl}h&@g witlif ab6tB \ﬁﬁuﬂ R KaFY %ﬁld@}%&? OfN DY {ls via

centrifugation using

spectr oscopy ensurihg no aggregati on,

SERS t o detkdigtdemieyqseaiyein is still attached to gol? even after
[ d & t
LA LB R AR i s B BB bR el 40 11

pegyl at
purific
tunor ¢

etllsswitton@pdroeles, Fagures 4b(i) to 4b(iii) show dark field microscope images of A-
431 cells with bioconjugated nanoparticles with hypericin. Figures 4¢(i) to 4e(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 imagé in Figure 4 is viewed at a different part of
the requétive sample. This clearly indicates the selective targeting of nanoprobe to the

EGFR over expressing cancer cells,

and

[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 um 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 compéred to other
colloidal samples (Figures 5a(ii)-5a(iv)). This highef level of back reflectance would
facilitate better optical contrast in QCT imaging- using nanogold constructs.

[00117})  Figure 5b shows OCT contrast agent on cancer cells with nanogold hypericin
with (_i) EGFR f{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 5c shows OCT reflectance based confocal image

of-A-431 EGFR 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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nanoparticles to internalize in the cells. [ 0098] Preparation of
G\Ps: All the glassware are washed with aqua regia (3 HCl: 1 HNO3)
and t hor ougbhyrzosswsed with mlli g water and oven dri e@CrEGzEIDMS30
artifical nucleation sites. Briefly, a 200 m solution of 0.259nM
tetrachl oroauric acid (HAuCl4) is brought to-about 90C before a 3 m
solution of 34mMtrisodiumcitrate is added rapidly to the HAuCl4
solution, while maintaining vigorous stirring throughout the process.

The m xtgfr ENES @&@cﬂlﬁlﬁ‘ryﬁgﬁt 'cﬁl‘éﬁl‘éﬂa)/ (ﬁﬁceﬁt&% c%ﬁﬁa&-@ rwﬁp(hﬂfmeltl xt 10

m ns under -stirrin efore a col or change fromgray to ruby red (or
bur gundyf r?l%a%ﬁﬁléfééalls inpiated tithepntiHRC RRolabelleil bypesitint GRP.GNPs .
| nt er medi ate col our changes of gray to black to purple before
arriving at ruby red may al so be observed. Thereafter, heating is
st opped pibhg £5 o : LN tu%,[%’rtchflnal

T g W ' g & ot ect ed
fromlight. Particl es are stable under refri geratratl on condl tions

for ap of 1S, or hanc or de

part ol LR .%h%%%%ﬁg%#@ by TR R Oa RS Bitbe v on
pr ocedurtemompaetls iscieiseddfy tadanmint 4DAABI icellsswitle thermanaioble mmed[@om

| mobi |1 zati.o cin:. 500 of 100 nmM hyper.i ci;n

added dr oglymvvsi sr}" ef% I_% 0“65\13“5’6‘?1’6@13&?3‘8}?8‘ %rﬂflc‘%grgéoulngfo i&cb‘brﬁﬁ‘mtz“‘hour s
at aboutth@eenccytadauncahd aheyn@pedveasChurk isgdls Qnder \TEN G8KES| #4nglowaoal i ng

of a ba ectru naI 'sma ed to confirme the

i mobi | fﬂqi%??soﬁ aB?@@%’é‘F‘I“@FWFB‘W @\‘PX F‘gtﬁigﬁ%b%gyl ation: Hypericin
i nmobi | IIZﬁdlofE\dBSh;(taxhﬂﬂﬂuﬁpﬂ’t:}leﬁﬁsﬁwﬂﬁ&ydl@dtﬁﬂaéb&hlﬂ&teﬁgﬂ/lﬂi%fcytoplasm of

het er of u]?ctl onal, PEG % (l; gﬁ 3%6% | cDa) by vigorous m xing for
15 m ns BIPREUREYs B Gered FHREDPEIF i Lﬁ“"ﬁ?oﬂq"be i’@)thﬁl’?fﬁﬁqg fhecon

(5000 K antrettad ell€) oS bt festuiek lard1Goficell ADALITIIA dHaRsis fRberCOIRLAEE
cover age. ter conplete pegylation, excess PEGis renoved by

centri flﬁ@%‘f‘%ﬁ and resuspension in phosphate buf fered saline (PBS pH

7.4). Theolaent midre@at,i 08 HBYerR-LAEGFRA u@std Iramér 1@ Bows M ypercin
nmeasurenents are_caryried out indicating no _aggregation and RS

spect r uflverssrzace fem sheoderlasmy fThisyghesrvation 1@@‘64‘3% cstive internaligaiion p§

centri f ugRLhMASIERIIR bh@ LA TEND M8 PRivikh telyRiBncf folé hwpe%%' refeldcRroriOUt
5 m of resuspended ppg_“r_l ated G\Ps'is treated wt

N- (3- di Astdeyiha Y RpiaTS hi_aprobs yreadizaing adi dreg (@9@9 Sbmldﬁ m@@lvgﬂm

N hydr-oxssbedn Bf Bb&eof Y

roomtenperature to f o%sgDn'bach# \%g{eggit%teu?g )ah%gteofg%tﬁtgag%%% %’ﬁﬁ%ﬁg“ are
renoved UB3MEYE. fi|teri-ng using Nanosep filters. 200ng/ nl anti-EGFR
anti body (Santacruz, USA) is then added and i ncubated for about 2
hours at about 4 C. Unconj ugated antibodi es are renoved by fil tering
wi t h Nafsample 5i Intvifreuptaeraf nantprobenay be di al yzed to renove sodi um

azi de that has been used as a stabilizer prior to the addition to the
active ester. Dialysis is carried out using spectrapor dialysis

menbr ané‘lﬂl%]t h Capfocd flupreseenerpinoasteny inmseghto smdy CHER. cellODda0:a] with 2

Char act n T | & f_th obes

i s det e )g,tghgg agéé?n%mpeﬁ]g?%%? q 5Jr:t%n}1? r}c}%lg"équ éégﬁ%&f ra%lwcénf‘g?fp{oﬁ apan)
and t healuouU‘d Muss ander phxs:mglapecﬂdimumvmms (shmm agpeicirz Adbressentrg flomtV- Vi S

spectro £ dzu 24 PC)... 010 RS meas rements:
The: SeRUME eSS nnolh (ECEY, FaEd 12 abd by AR T e )y S Shaw
| nVi a Rashieved bixhen gensin-apeE GBEs pebre. hmis flgo afwenﬁatta&u 08 nht&ﬁaﬁﬂ)eai 633

1010 partiuteshy & R DPRRRE e i PRa BV Thanhe et - over

slip topibe fordmgRaiENd BREPY ement s. [00104] Cell cuI ture: A-431, a
human epi dernoi d carcinoma cell |ine over expressing wld-type EGFR
is obtained from Anerican Type Cul tgfre Coll ection (ATCC). The cells




and detected through a band pass filter (BP-610 nm Orega Optical,
Brattl eboro, VT). Post-capture image analysis is perforned using

| mged 1. 4%q20Nasdsenal I nstitutes of Heal th) software. pt@B8&&1/000330
Toxicity assay: To assess the cell viability, A-431 cells are counted
and seeded at 5 x 103 cells per well into 96-well plates and all owed
to adhere for about 24 hours at about 37C. Cells are treated with
various concentrations (2- 20 pM of nanoprobes for about 24 hours in

triplic T md#"% d .cel |
vi abi | i ?{tg@ﬁ ]I' gggs]g@&?lg&gler orme C%(;&?%Qéﬁé {}%qg ﬁtmrm%tg{ “act J&) E&;l&

pr ot ocol GIIP dabgled rvgjtht Wrwfbgﬁeravbsaﬁ haurs 1n15®énilm lﬁlm):essﬁ: i[reFigy;e
about 1 i Ha,nks anced

( HBSS) 2, 243 ?Ct:\gﬁ}{ %t“ #ﬁ"“*‘gﬁfa’“?% S5t WER fReIsh, ?”ez‘“ ?&ﬁ#%ceﬁt
about 37@es tst;wltedlsl&b cpﬂls sliovscstruﬂzg hypsrtih dinoeadetite] whlchSS msidBctohfined

di ssolv t f or mazan Absaqr bance i asured at 570 rim
usi ng 6 Eg %r {5z F% lteﬁ% fllh?’@ Cl%gléfﬁ’iﬁfﬁfﬂ%ee?‘are e W“'Eﬁﬂ‘PPe%ft ed
cells i Qlypaimnalame &@Meeebﬂlngéd)tmhcubbﬁfghﬁg Eellsnvith bib@njuigared dyepitin

t her apy éﬁ%@ i.(ﬁ ?bgs are seeded at 2 x 104 cells per well |nto
8- wel | 18€s°4nd al | owed t'o adhere overni ght at' about 37C.
The culture mediumis then renoved and replaced with fresh serumfree
medi um\/ﬁ glgﬁerent concentrations of nanoprobe (5-10 pM. After
about 3 ‘'on, the nmediumis again replaced by fresh
medi um and the cells are irradiated at a fluence of 1 J/cn®.

Fol | ow r}g ]égcubatl on | the dark for apout 18 hours, the irradi ated
cells ar ki dﬁ%@aﬂqm& i EGFRsonugaiad hrerisiaiGNR with d-¢Hen thegteghidsne

Apopt ot isGENBGEAE Whéiriesthidd t%dusatlaetveﬁ% ﬁ}een&ﬂl Eloﬁér'@io%meé& visBahigany) -

1001081 I'n vitro photothernmal cell studi'és: To assess th

phot ot hé¥f magre dantoie ispabsyrved at P@Cm%ﬁs@d@ i {heaMhdrigpe dﬁbsﬂls thhe

cel | s argndefeatdnto theWhti ETRALBEHGR BN 191:1@9539'tﬁécr@fsearﬁlﬁlﬁ(ﬁ@&'@&re'i ons
(5-10 AM of EGFR antibody conjugated GNP ypericin or 45
m ns. FOFabdily plthe selle Gorapargshie hypgricin alene. | rrad| ated at a fluence of 1
J/cn2. After about 18 hours of incubation, the PTT treated cells are
assessed for apototl chand necrotl C ceII death usi ng t he Prom)kl ne

Exanpl e 1: SEM of nanopr obes[00109] The SEM i mage of the synt he5| zed
GN\Ps. is shown in Figure Z2a. The i mage shows that the particles are
spheri. czi!mléﬁ]d Viften esipblishiag algpeinttineatization apfl d¢lvenyncapehiitiabebHppdrom- -

maxi nma @ﬁI@ qOLT es gnds to
t he sur gi&%ﬁ%ﬁh‘%’g@% %h%éotéég?l%ﬂﬁed# %@ C%lﬂéuc H%% I%5| 78P° eélfrpl

2: SERS lmais wlemendel g§ exappiaed. c Hyperzimepu-GIGFR] pdohd @hd Firiouk eynopiitoper t y
for anyyp e P I h It d
cnougn’ SOEARR 8800l Bhed BATARE TGN 1RV Wibat Bnd nclibibardl BE %
surface cwnduht@dmsxhg)s bmgdhahé exgthiion ¢syng \ﬂne: l@stPosrﬁtDﬂbdna‘gay ark e@oidag a

conpoun h S the .activit on coval.ent
|nteractq iso A O3 cahﬁuérfgencﬂmﬁ?rﬁsé: tg\aﬁ.}e-lee%mglfs%ﬂgﬁféﬁi’m’%lfl‘?ﬁ?ﬁ’f| on
of the ﬂasugdlméce&wtte wlSmra‘nam&ecSae@)t Mmmﬁsh@eéwaqmmwmbelgu&ed to
study s alo hoto ensi ti [Q0111] The SERS technique
al | ows %ﬁgr& gglb?'ﬂ'ée %@FPE’ 17 ¥Ry téf"gpr‘regp‘fthe conpl ex via a strong
engancemnﬁ]of Figoee llnilfbnslcbyfoea‘l ﬂBaféEcrbnsd @ib@ésa(ﬁﬂyolmae%pﬁgl' giqﬁ)sure to

vi brat i guenc u scence caused by proxinity
of thi s RG) %@ﬂ?’temt%e ‘Eaﬁ%"%«ggl SRgeAIEy ™ Hg(ﬁme%“‘éﬁaﬁ‘%@t Gprgsion
t echni qpbt,qbPHEVETRE PLORT(C)OH »ﬁ@@@pﬂe (d)rHﬂJeH@IhQSt A ( SI‘ gk&cm 8
Hyperi ci n- Aﬁ EG-FR construct. 12] Figure shows a SER ectrum

of HypetMsith Hapensir 0 i (Rdfhbat ?@Sﬁﬁe%wrtbéb@wéy%wawaw th
pover ObroBe BstoMVDINORAR (BI85 DLDYLGRlo] OREH JiPRSpHeiRg 10s acquisition

time. The SERS spectrum of the construct shows envel op of signals
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Exanple 3: In-vitro localization of nanoprobe [00113] In-vitro

| ocal i zation of anti-EG-R | abell ed hypericin- GNP shows

i nt er nal i a80i2om/08d68% he particles wi thin about 3 hours IPCTAGLB1/000330
epi dermoi d cancer cells via dark field m croscopy. [00114] Fi gures
4a(i) and 4a(ii) show dark field mcroscope inages of control A-43l
cells with no particles. Figures 4b(i) to 4b(iii) show dark field

m croscope i mages of A431 cells with bioconjugated nanoparticles with

hyperi Cld%lzﬁ' gur G‘c%mfo%éo)l b0 Mediki 102 SBOW darikditi@) dypbadiR3CAPEER Mages
of A-431 cells with pegyl ated nanoparticles with hypericin. Figures

4d(i) afdragugstic pradiedudusay KmilpeEount of SREUPE Isiades °4§f~‘ 2puMyperigin o

W th Peg P5F. 9h gdshﬂ%‘%gﬁ F?)ép%l‘laﬁ A E@Fﬂ@yﬁ%é & Bole B8l FRIGBelidin

Fi gure |s viewed at a dif ent part of the respective sanple. This
cl ear | y rétaining its DT ¢féect dharersingeameuniyed Ivpgricn casad pelbpreth BiargeroEerR
over express n ti OCT

i magi ng B%ngn%ﬂgél%g]bo dmglglﬁé truog:t)gp]e ﬁgtrl%g{g?%goltlﬁ% 1W@B{(§‘?§§I0hs%grrpl es
is dermn‘@ufeatldd anfFi 1g 6ickeatin sbtivm/\@@@ﬁs rm@@afhbyd?m( ifor e Hypeticin-Au-

suspens nanogol d 1% |t r _

scat ter LIE%%R Brphes; a5 © B?SF%tod%qcpoglﬁs?sbehﬁsoln r# g#‘,gﬁ'gﬁrgtg %‘g&&gﬁﬁlgit %a?géh%e
nanopar b BDE for(tRe proildindpathé sambeahditipns. and (iv) saline as a negative
control. The range of scanning depth shown is 200 Arn with the bright
signal fromthe top reflective layer attributed to the reflective
gl ass siEksleple ROOALSIathAechETm AR&@DT ofd RTe col | oi dal suspensi on of
nanogol d gives a conparatively higher |evel of back reflectance
(Figure 5a(i)) as conpared to other colloidal sanples (Figures
S5a(ii)- peabdsy ) Thd Rieshahisghecel-ayl, both dHacKDT efid BT, asnsmdxmﬁed about 3

facilitate better optical_contrast in OCT :
const r uBPWs ingypation| T%ftbtﬁ%p%ﬁoné"rﬁﬂ(ﬁg }It%‘l”%%rﬁw@g‘[’gm §§%pcel | s
Wi th napQgQkidelDy PR Edtls lindérkd boih) aﬂaﬁsas fahdl Geas e faRwin@pBT z(nﬂlBTT

refl ectance i mage of nanogol d- hy icin; and (iii).conbined
Usi ng va&IUSUE sipwesondecal wgegf AR é%P“E‘Efﬁ?‘P&glf"P ings 18?\‘“%?341@ col | s

Wi th nanagelakiRkagkdas bt A&rBRAAS §otm blyQR A Ashadeahdiedtedbsatip nhite
Figure Sc shows OCT reflectance based confocal inage of A-431 EGFR

poSi t i véﬂ@ﬁh@ﬂpwwél(ﬁ)é’ﬂﬁwﬁhl]’eﬁr WFsPEFUNFIYT - EGFR | abel | ed
hyper i Ciigiy®yP- Annexin V labeled with fluorescein (FITC) stains apoptotic cells in green by

~ binding to phosphatidylserine exposed on the outer leaflet of the cells and ethidium -
homodimer III stains necrotic cells with red fluorescence. The percentage of cell death is
higher fc;llowing PDT :compared to PTT, as shown in Figures 13a and 13b,_ respectively,
using different concentration of anti-EGFR conjugated hypericin GNP and anti-EGFR

GNP.
Discussion

[00130] Development of a nanoprobe, combining naﬁotechnology and photodynamic
therapy, for targeted delivery of photosensitizer and niultimodality 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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[ 00119] Fi gure 6 shows anot her exanple of OCT refl ectance based
confocal inmages 23 of CNE2 (Nasopharyngeal carcinoma) cancer cells
conpared wohoneswsd human fibrobl ast (NHFB) cel |l s i ncwoaisedoinotodso
anti-EG-R | abel | ed hypericin-G\P. Exanple 4: Internalization of

Hyperi ci n- Ay- EGFR t her agnosti c probe by tunor cells [00120] The
selective internalization of the Hypericin-Au-EG-R t heragnostic probe
by tunor cells is studied by treatnent of A-431 cells with the
nanopr obi9014] | oGeld nayophfiivlea (GNPs)i sse sphbficil nRbOIE nahdpdd@uMsSfoLbiohaRaAPT obe
treatment, artj(hcl Eflie ar ¢ f.ound to bF reugﬁnt in the cell, cytoplasm
and t hey a&ﬁ%éﬁ 2 AT Hies STttt ai%\ﬁ Sf 378t &0 volume Foign Secandy.gur es
7a and Tiheideipé tiay bg optiithised A kfefhl ink@edsb S Mbpofr #d hebBdifion ifisideS

noti ced that.i dfivi ual particles as well as clusters accunulated in
the cyt dpPss Pﬁ‘@f OF ffeccft g drpeting aad drag dediyeny. (ThirdlypetrongahsompticBGFR
nanopr obgd stditefif€oCENE pRfvideb @n 6 Rty £o @ﬁerite@te‘?xgc&ﬁjaét@lha{ﬁgeééﬁﬂal
features are noticed in the TEM anal ysi s under the sanme condi‘tions.
[00121] f¥BF8&ver, the Hypericin-Au-EGFR treated tunor cells shows
hyper ci nofisapr s : I &1 ' j.ndi cates
sel ecti \r/Ie i nfer ng‘lﬁiﬂggst F%ﬁéaéélgﬁ@;%$?£%%sﬁ£ﬁdé hg%gg{ﬁﬂ%fﬁg %I\jar ete%
provi des1elvary e?ic 8ydraphohiep shotesepsitizer,e hxrericino riTlien diydteptichie pydpery asfm
Such a ps o Rt j i noul d.enabl e t he
educt i oo i REOR 4B UIORP by ool BLERREEARN oo B R et at e
pr obl emg’arieusiambadiments, byehoaingphebis int¢ractions. 'Thivglekienmimiaano etiohetes
[00122] : .G QOSC is used to.study CNE2 cells
{reat ot A TR 2 Ok ATy D ERRORRAEEACHRTORY 1o Sl iy et o5
Hyper i cicAvalent RCAfment rRygheostors pitholnen-fovaleab dnttraGicnguihs roleskerof the

PUsi ol odi Pl . h Coin flG ¢
BT o Rnrfiaf Bl BB i e a R BabS i corRBF S e ar | g
that hyd@tBai n Giéd naneparticles withhiheir edigby srfree plapascpropetieskiRepleake.
T 2 S0achenl eburrLl 65 S 0RR0RE A% e B Sraaliced By Ll e

i nes, hyperci™n 1s released for
a pr obe cimpingthegold sirfacamith iphlyethplyne gl 1B3Jurldsé pgpsanimsade hagqs
scannin h CLQS e t in-vitro.uptake hyperi ci nGNP | abel ed with
anti - E(%ﬁ%gf P’erggﬁ{)u engefﬁo‘(ﬁr?“f FERBLPIeBT ?’EGa¥ggerﬁ%é’€ s&tp differgnt gur e
9a, t he fekfientitiof artiymdr CaboxyPEGEGRRise (€ MR RhEAY Whd Bel¥REPEGT D

al one i nse%lzcgellL i ﬂF?ng{:S studi ed. The cells shows strong hypericin
f 1 uor escence: “URPER 88 PMHIIART GOCTISF i 'AQEFVEY ANCSPESfip HhieragHony th the -

i nt ensi tellubdr doynpendnes /s fell s eHE AHRer Eﬁ&dlﬁiﬂnnﬁnésﬂmhﬁs&kp ol dryRericin
al one iga re con‘gar ed to ﬁ)c bat i n:g the cells wt i oconj ugat ed
hyperi cf e mo&d tt-“('?“f”ﬁ”&h CS:B-?NH 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 hyinericin 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, anH 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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Exanple 6: Toxicity assay [00124] Incubation of anti-EG-R conjugated
hypericin GNP with A-431 in the dark is slightly toxic when conpared
t o i ncubatwonowmiosdss hyperi ci n al one. However, cell vi abciristyoiefomsr e
than 90%is observed at concentrations of up to 10 /AM (Figure 10).
As the concentration of the anti-EG-R hypericin GNP increases, there
is a slight decrease in t he vi ability of the cells conpared to
hypericin al one. Exanple 7: PDT using |typericin-gol d- EGFR

t her agt L,@sbd cd¥jipaRd iGNNGSk lfsH! lﬁéln‘ﬁ%ﬂ? lapplfcafididBhd Afis escheqieaisladsitedig t he
internalization and deli ve(ri% ities of eri ¢i nAu- EGFR probe,

the t hefoafhedarpetedérlizpmiofthe OIPPFQSIEFQSB%thBW%r‘? e S Bx per i nent
in a Ce[do?!é 1 TP0Rlerhife QK@%ISLQQIuldfMB@dh'zEﬁdﬁ‘&Nﬂﬁcﬁﬁ’ccﬁj\tg@t@d a@dPy @ i 0US

amount s pericin are .incubated with A-431 cell |i1nes for about
about 1EGﬁBmvsre»mepsmw 3! eslpdhe paticlesara dpcabaied;ion Bbaw 3 Sows phehoyh

usi ng wei te,}J \QB}ahzéaq&ng Iﬁe HRYRIIcAhRe HREREDBE 1S irfitid A anfte6ed

fluorescence mcroscopy with differential staining for apoptosis in
green (h@rs, retie cbmcemumedt ﬁiéTPV\metlefJWﬁtﬁélledhﬁrC@éﬁ) angh ghey 6 2tEsS | SFORg 1 ed

as sho u
(aS sess { 13‘%’511 1 fé e g’%ﬁn%&%rg%ggf ngglrggta%%)ri% ows gt(t:% (%l?atﬁé F QII’J\% rr%S% ence
m cros coqayha reepes spdcifier tagrips lrie shoyn thaftthe EGFRpmliaied intemalizatien of

A-431 I 1s t t ed

by Fyp i EHeS Rpo 5 Blnot Y St W i e e

Y per ol BGFR 1 P agnost i & e ahe btore, PTL.s sonpsaei Wma s
contr ol a"tcf”é’&{"’?clm\%’? ﬁveﬁ 61%5}?31 5% 7 §§ SYSpEme \ﬂg‘%wp?ccpurﬁﬁg tbd e ity
2012/ 039685 Mﬁt&%ﬁkﬂibﬁﬁ%ﬁ@owgwﬁg ThayA rechnpasymsm ofxidity gduwee thahaind

l'ib indicates Hypericin-Ay- EGFR.t her agnast robe.induces sim.la
anount BV BEﬁ’g" eégoqcﬁ“t’faﬁgngg %?W%]y ef Il%%ctﬁve L fag?'cﬁﬁ‘rl.% V?ﬁl s
shows t Bak 1bMEBA rekilts ald -shésk fhap Itlwa&slrm si@hﬁcahodlﬁ‘eiemﬁehet\b\gepd‘rybctﬁqm
retaining its_PDT effect . |ncreasi anou hyperigin cel |
death vuf ﬁébﬁ%&?\§°E!H$Qt?~ﬁgh}$]5ﬁ*°1&a&§ﬁ%%°‘1“ﬁe"ﬁr téonc?d% ﬁg?pfe'?ifbsn’éelglt s in
Fi gur es alihbilpht @erd lid 2GoigpaaicsaBe of e gubitity of theamntls ia&thfthehmedsy ishows
ed to

apoptosi s i nduced_by PDI for the perici n- AUE obe as

necr osi §onggnifatian B%Pvl'lﬁﬁf%ww&’r Gﬁﬁ S’éseﬂslnobt?ﬁ‘flgzﬁnﬁe’&‘ﬂbc%ﬁ%a ‘g%if POT
for theﬂgrt@ggwg%%?ﬁcmtgﬁ Bevef Qbibehtr08. Exanpl e 8: Cell-death
mechani sm after PDT and PTT | 00128; The nmechani sm of  cel | -de th bot h

after .PI9P13¢d Spriocqldassy srapuiBg FHETRICORG HHSS 1h3HFS P B4P B Kol 1

EGFR- cogigaihest Mnﬁsdoﬁju@at@dﬁaamnﬁ&ﬁn cARB L galle dypdicin efpestincel y .
The cel IS undergo both apoptosis and necrgsis foll ow ng PDT PTT.

Fi gure imensii s aeabried dellowing ReUBAoR. withy differqng CH?F&%‘F@SP&& WIS s

(as indpeated dxpt 4 280GINMCli 86loeR@ HaRtheBBERS & doAtenshedN by
the |i ghﬁgrr shade ?‘%ﬁ’.\%t ed bC}lthe w?n te arrowe ol | ow n%@éa) .PDT and

(b) YU, predepimantly il she ¢xveplaol, Wﬁlﬁh asgligible IﬂéEB@F‘@Ecew}“t e g ERe S
(FITO ?fo%’y?ée%%gpkafsll&uﬁm’«d @ufgﬁﬁﬁ@iﬂ'&ldﬂx eRliReivdgt 1.910 1.7 folds higher

phosphat exposed on the outer |eaflet of the cells and
et hi di ufinbresroukierintensity Ithastthgse snonbatedwitl autEGER Riypericine@NP | This wa¥ bpce.

The per comt 3060Ghe 1%9&5 gelg ?ﬁg@igiomg ResrRl Qﬁlb&w %1&%&1%%%&9&%@ PTT,

as showd i n Figures respectively, using different
concent ligirids thafmanid }iE@ERe dhn purfae of ahgqggpqrt@qlm agNpnpgdes awesellslrr

GNP 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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Di scussi on f00130] Devel opnent of a nanoprobe, conbining
nanot ecl nol ogy and phot odynam c therapy, for targeted delivery of
phot osensiwozeir/ozgses nmul ti nodal ity i magi ng and therapy PETSGRolLOE)3EUL
Nanoparticl es represent energi ng photosensitizer carriers that may
overconme nost of the shortcom ngs of conventional photosensitizers,
for exanple, for use in PDT. WD 2012/039685PCT/ SG2011/ 000330 [00131]
Gol d nanoparticles (G\NPs) are spherical netallic nanoparticles for
bi ol ogi catiboies. Therekultinhitibodinfagnigat (25%b 28 kDS 8AY bREIR d BEIERYUES ace
area to vqu-urm]. ratio. Secong]l ,..their_size may be optimsed for
ef fi ci enf S THE HEAS CRTEPNE 3 tdingaffinibantsPeiicon: | nsi de tunor beds
for sel ejovisse tTumealiatts € phdiGtoRibRy SHauBod UR dkath BRES Y Y anSPTRNG
absorpH%H gfggt scattering.of GNP _provides an gggortum ty For their

t

use in ¢ U HAMEUET opinec AntEGER; yperiqip 03P andy apbirB@HRsGNP

enbodi maeipectvAYRmdafRIiMeE S ABuARE bY 8M)ny e i ‘ livery
of hydr opﬁg%; c _phot osénsi_ti zelr], cEgperj%égli ﬁeélfrklgﬁiﬁbﬁ&r%%ﬂg%ﬁ%g%{%geérty
L%

of hy periolh #fter Fsad R dlaveeer: eelbdeaipfoblpwingrPRDsadbont 1.2 rivlds bighérons
and in &Eﬁ%ﬂ%ﬁ@wﬁxg P18 Rl %%O&Herfg QﬁeSSygF%isng g{f&rt) %9 Ie&hg%ox&ity

intéractions. This at least m'nimzes or m-nates pr
al t er ed AR & sheipsensizer Aywdrigintand dyperthormaih eaisediby thediNibsc #ten GNYaUS ed

by coval FehEERN A\ non: al ent interactions,
the rel eagggéb géﬁtt he pho?c(t)lgg%@ihtﬁeir gae?(? S?I}%Y'Fﬁg %}ﬁee’?%ﬁﬁ’o%%? lﬂtéragtr:;‘gﬁ Then :
conpar edhe glgeitonpand theecrystal bise Jf0B 8@ Boicdesn droglentbohe ks wid thet hei r

uni que | serv S.contrast agents_ as
wel | s o BeRy B RRRrBE PRI | SR, P SRE b e PR eIs
Mor eov eds dissigagridrigfo tessugrohimiling erfviargrenantt, tCtellp ateyve fyhyehefie: 1§ lsmaldincrda e

surface.pr L1 es o tuned  t tch the, requirement. I n various
enbodi nélgtté}?&%ggg'r %%én igoonitieaied | GNES e Hgplpd (b phoprBRmIoF b tre
used. CawipsraprPE{3ells & ths etitiy ofitHepahicks is ivetythanididhdeleivbg@lhg used

for co 0 syrfac verage to prevent non specjfic . .
inter a(r:rfB |k gltﬁgcl% #ﬁust ﬁ‘g‘l@bﬁ“ﬁ%&m E‘%ﬁﬁ%‘ﬁ%ﬁ?‘?r%&%f? fo cedls ik cqmpligpsipn

ci r cul atregmenti imfsimd Gabdoxyh myreoeffecive. HodeCatROXYdPHG U RIRRL A6td npat | on
with EDG %%ganlﬂHS .ﬁorm; B’-ac%{l [ aqgwea as the active ester that reacts
with ant BOGHSY UTESEHY ARPRE, B YO HIt frdes AS bRt ¢ mixgueal
ant i bodypapiotigalells suwvkhae necrd@D ISR folloviag Bb@Vieeatadgie tiad pial kawep v of
hyperi cin | oaded fo tunor c the GNPs are _con ated with

&t G\":tﬁen P]I%s, tj ug
ant i - EGERRUIOPT 5¥5hys Boyaradigione fime gt doseee indcgospentrationeldsNPEmrRpe -
si gnal i ogtimia¢dreayhipleay&idim icelp@dattant role in the regul ati on of cell
prolife ion, suryival, and differentjiation. Anplification and
over expi@éé’ﬂonh{)f"& Rt Lheiro epplication i@ DD AndePTT.y #sEGHR | conjugrtedi des

an oppohjpefitih YGNPY nik§She) Oida0as’ RGRALSA L AASHE broRREQAGAES ncer
detection and trepﬁt ment .. EGFR proves llotg a g%lgd msd?at or f%d;cgésﬁfeaﬁ

t ar get eBSHPHE" LI plarspsiee osqncstiog pheteemsitizir asdegoldupropericlon is n
tunor  celilidhcEPSERS Webha, 18, fRshsid ﬁﬁﬁan@@g@f&ﬁ thD QetraF PO EGiTRY e

[ nternagigée_d, b,% the cells. Targeting of ] ,

2012/ 03908BPEFEREIDsEd 90 9RB0f imeeing deby it o njultigendetity R sSifcb highly

bi oi MagnaGifgRAbAaF AhdcPRbe@Wihtiagi ' ; igd he
targeted deli vera of09t hg phot oé%ﬁé%ﬁ?%@%‘éﬁfﬁ%q&@%sr ali:og{sl ftgr F%r%jyuci ng
its toxfdsctign ar[dogqﬂa]oﬁém@ét ermine the sub-cellular |ocalization of
the bi ogapigygatsd ;i RSk r [ -431 cells,. the

parti cl [gg adrl_le i ncbsb%;{gegle? glr%ﬁ; o%;éﬁf?ﬁ%&?%%g{& aplgs\obe(tv‘%”f gtﬁﬂﬂc’mca]

vi sual i preperiigsiand serfaga plasthpretedonaadd SERaNkenndtianbsaiopeight, tSPRsoffgaland

t hat at t : i.aconj ugat.ed GNP ar.e {ncorporated ipn the
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t hat t hwygnande preatirgr BERS affeets hHgpdrioint helecwt [bysieifagey wétaast hSERECEpPt or
specific targeting. It is shown thzag;t t he EGFR- nedi at ed



[ 00136J Confocal |aser scanning mcroscope is used to assess the in
vitro uptake of hypericin in the bioconjugated nanocontruct in A-431
cel | s. HypwmoiaiznideBuior escence intensity i s anal ysed f olrlcowcae1/000330

i ncubation with different concentration of anti-EG-R hypericin G\P
ranging from2-10 uM It is observed that the hypericin is
concentrated predonminantly in the cytoplasm wth negligible
fluorescence in the nuclear region. However, A-431 cells incubated
Wi th hypgbié] BuedoQhe high 'BBRS cragaudtioh. of Hy@eriknr? mbkuls okvirgh®rits planar

fluorescence intensity than_those incuba anti - EGFR h er| cin
GNP. ThBE®mEY B 1&9@%%%%@%@%%% 5@&?%"?“&1%%"6& & Pffg 8” EGFR

ant i bodyyq Wikesfiudatith toF thbeGNRETRR! oldbrvbd, JBIIE prégeal dfethe todonjtigaed t 0

the surface of "a nanoparticle and inpedes intracel]ular djstribution
of the brmeprienapessl spgsiest FRE bp Sblized do TP INYESIVE PLORSASEE PETS
| oaded gi\&) ict@cdnbEs g@érg,%res;lﬂqg]gbpgdl ng. of hypericin in the nanoprobe

may be timzed. an alternative, a single-chain anti-EGR
ant i bodwoasti Fv BM)thmﬁmne,l GNEyrelse Bavet lHgihscatoRngrCress-SpaeR AR thered body

D032 0o SR BEE PR FREBE S BRhnE AR prblidey ie cnucal for development of
f r agmentort28 agent®rkpagal imagingrinVivise organise bsqmq light pepetsationsignthiigand,

1o D Bl 0 A A SRl

eval uat X1 CI after PDI and PTT,
A431 celrugh hxgherl spatiehiag adswptnrgl tbmt indiF@Ear mmyéem Bhinpropgetyamel be used

anti - EGER- Pre pect.i v ne.

ol 1 vi KPP L e A S o8 Bfic CRAUBKE ologyly KR w BN el
however jnvastd opixealtlhmagmg It@:hmqge @RTprodicehouss- @ctﬁmhloﬂm:#sesmfghsm Wlﬁaﬂ t hat
foll ow PTT. . Thi.s..ma th r.qgi t

phot ot 0 |SP§}’ah{f8°1Pt6°q eagf)lf'fgt,d g%éﬁ ??ES?’/ Bﬁseggﬁg%e?%g%ng& enl?anc e| ma
caused bpivptries GNRENP WrenEGENPscoajngﬂed) hlypeg-fcin GN? fnraeebeeh@dt foortsghlln the -

gold particles exci ted U on interaction between e
andt ho stasgat and pte P cRoIEP Iy R of GRRE Bre bR BREREEOE ax
and t he ihigigwedhnguer gy is transf erred to the lattice. Subsequently,

the heat f th | d ticl t to.th J i

onvi r onbEEICo P dRa GE Btk pEPetiS st GRERRF Fhr@h ikl Bt ar! n.

t enper aiiyehe VhgRydd Q@Qﬁbt@ﬁle@rﬂpﬁﬁbﬁuh@igewﬂ)&amhs oot IaS)rtTmBé
inthe vicinit cles is

light, the te erature o

LDy O G e aPebe fedehitnbe Endpmice ot i § BRI B ' oy
al one rr%}étuﬁméﬁlﬁn@.ﬂ\tﬁd’t%ﬁéﬁﬁﬁgﬁo ténfe®l tnfaginghs t@ﬁﬁbtrﬂﬂﬁm@ﬁomrsﬁﬁdﬁﬂmt is
found to be much nore -effective, However the.npde of cell death does

not si gﬁi‘bsll@”%{’ﬁt‘fﬁrsoqoﬁ‘fnetfa afPu dundred RATAMEES: PlFne, THOrSSERt PIRBERTich 5

there i g5 fudtbstit! BpeficiR RQPS-ALAQamflolSuidiic ¥&d) TRS bieehjafdted m}@kuhan
followi ng both treatments. The PDT and PTT conditjons such as the

i rradi at9agded GNRgmay P@%VCHB%@%WHO%WGEWPW?WOW GNPs nmay be
opt i m Zeghile® AGRLY Sf H@{Phﬁﬂ:‘ Bh&@iehmﬁlz%aﬂai Gl:_}[ SRR ]is érticaldfdl irh§Bvihg

their application’in anti - R conj ugat ed hypericin GN\NPs
may be terhteemernafl upeepigbilint §f P%gﬁ hglingal E%‘@‘érﬂ}f’éls? f GNh} apeamsry
adsor pt '0?21h8€05&1@19§:&§ ggsdnt b SacHYWﬁ%'rBﬁtdnﬂg ofBRt Qﬁ)@&ﬁ:ﬂtt’rﬁ’ﬁéhg%f gol d
nanoparticles Is evidence S spectra. Also, intrinsic Ranma

acti vi t)hydrbphdbe: phatoamitrzghmt@ﬂ]éwglﬂss Pytealsolimpepethe cBEms fPDTs®iE tas one
of i _magl ﬂ'}enhﬂ e?feép"ﬂél e'ségﬂga%]l:érxm%daitﬂ'p P@G&tlﬂélﬁ lﬂ‘loﬁahty may be

mul tifunc |ona nanopr obes w th i nagi ng a t her apeuti ¢ capabi ities
al | ows faonoreaﬁfécyvejeeaemcnt@mategyobonmwépycomemm@é’ﬂ) Faorgogre Thigsted s
p055|bl i nher ent ti Vi V.

oot cal PEpLPL PRy SpRle DS emte ety [t bes

sti nul atpeslidey ahiagliéd adslfrags oglnghi sslbﬂmtglvynlelmatvae:ay,t feeddRagamnimal
scattering of adjacent nol ecul es b% about 6 orders of magnitude



[00141] Besides this feature, GNPs al so have high scattering
cross-section in the red (or lighter shaded) region of the spectrum
Thi s propewoyonzoswmsiici al for devel opnment of contrast ageTis&2010/000330
optical imaging in living organi snms because |ight penetration depth
in tissues dramatically increases with increasing wavel ength.

Aggl utinated particles have nuch higher scattering cross-section than
i ndi vidual particles. This property may be used for vital optical

i magi ng danigde 18 $hePrinadisseBNBY M ition To g rsaghiyanofichys, mayhaledbe ssed as
noni nvasi ve opti cal inagin te th ue_.t hat ?rqﬁuces Cross-sectiogna

i mages @Rltfadigaalinpglecylan; gﬂ“‘i@ afiPEhoste s BIORES offF ofF %R0 ™28t §"%0

I un. ngﬁotomaﬁsﬁtiw trhas &, Ceathbifin QEVAB&E TR NphddyRehici Qferiy GRIE,
anti - EG-R conj ugated hypericin GNP may be used .for géggé%tsensltlve

and spe®@pigieshrRiosycmRy ead taypidy igproveh apiiamedplpvetbses RN a the
OCT i magi g, b $1Q842 I ARestmiIE N WbAItRPkHala sHigRRQEAtiRe Of
G\P, thgkgﬁ%&gggﬂgitlf%r_h perf@?n f?$e$f_naylbe qn%fgyggngs . '
f1 uor escimgle ssrsiimesrd develsived. nandi thiy EppRque s | wAYD gy coptigal mpltigodality

di mensi . (3R _|aser ogal,: | S 8 loC iQSRIOP ¥uchl sS 1S
a relat%@ 1§éhg%fo%%?ﬂ%%agéc%%?gﬁe%?%§1q%??%isﬂgﬁﬁ%iJg confg%aL

i magi ng pbétosensitizees, strall oneleadest pafihodigs.f prpEdesoangl Asamers &ay| keyvsed Wown

to a few hundre ] ’ L) iy Z] ; peuch as

tFuor oo Sey SEPHidndl G AUTES s gl bep bt gelBLARC GOF b ARRLR

?ihoconj q@?ﬂe]d Wmmthciuggﬂtbaéwb@ﬂﬁsﬂmf 1bel10d@\@ﬂdp@?b%‘vﬁlme_ﬁrmal ity
er agnost.i c..probes.. ) S , .

Hor1 vor o SR e Gmept®y 1 i B ulesRiod YGRS RIBT B B9 G hik bt

accept alzhdnigesy inoforrPBd idetaih nedyi bei roade theminewithouT Hepartig fodim @Pepisitsand

carriers of phot.osensiti S,lLS.an_appr h Lck l; fers
i mpr ove&cqplgé’?]g?ec‘ﬂ?’% s %%F%%%Bhgi °ep %ﬁ%?gféﬁsm?gcgp gblf %tg (ﬁ?ﬁé‘ljncesl s,
but al sehusipdicit&isbyt the apedntdehdyinafan®BI ctareges whicheomhotithit the medaniafzf ect .

I n essence, a conbined P and PTT .t reat nent | it be a nore
ef fect i \?ngaf‘g%l? Hrva ’E“Wa”?gbef?%ﬁﬁrgﬂée '%?% ‘%%’hdveggcf Pona a:g@{ o

Furthernore, targeted delivery of the photosensitizers using

anti bodi es specific to certain tunmor cell types, provides an added
advant age of high selectivity with low toxicity, rendering mnim

WO 2012/ 039685PCT/ SG2011/ 000330 danmage to the normal tissues. In
addition to this, such nanoprobes nay al so be used as nultifunctional
nol ecul ar optical diagnostic probes for cancer inmaging and '
phot ot herapeutics. That is, conbining advances in phot odynam c

t herapy and nanot echnol ogy nmay | ead towards inproved nulthnodality

t herapeutics and i magi ng. Techni ques for inmaging of cancer in optical
multiple nodalities, using a single agent in a single session, are
devel oped, and this technique is known as '"optical nultinodality

i mging'. For target-specific inmaging probe, various targeting

| i gands, . such as photosensitizers, small nol ecul es, anti bodies,
pepti des and aptamers nay be used in devel opi ng cancer inaging probes
that are highly target specific and bioconpatible. 1001441 Wile the
i nvention has been particularly shown and described with reference to
specific enbodi nents, it should be understood by those skilled in the
art that various changes in formand detail rmay be nmade therein

wi t hout departing fromthe spirit and scope of the invention as
defined by the appended clainms. The scope of the invention is thus

i ndi cated by the appended clains and all changes Wi ch conme within

t he meani ng and range of equival ency of the clains are therefore

i ntended to be enbraced. CLAI M 1. A nanoparticle | oaded with
a light sensitive nolecule, wherein the nanoparticle is a colloidal
gol d nanoparticle and t he Iigﬂt sensitive nolecule is




2. The nanoparticle as clainmed in claim1, wherein the

phot osensitizer is selected fromthe group consisting of hypericin,
Phot of rin, Visudyne, am nol evul inic acid-induced protoporphyrin |IX
(ALA-induced Pp I X), Foscan, Chlorin e6, nono-L-aspartyl chlorin e6
(NPe6) or Laseiphyrin, propiophenone, anthrone, benzal dehyde,

but yl ophenone, 2- napht hyl phenyl ket one, 2-napht hal dehyde,

2- acet onaghhigike, 1- naphtyl phenyl ket one, 1- acet onapht hone, |

- napht hoal dehyde, f| uor enone, 1- pheny1-1, 2- propane di one, benzoethrile,
acetone, biacetyl, acridine orange, acridine, Rhodam ne-B, eosine,
fluorescein, Silicon Phthal ocyanine Pc 4, mtetrahydroxyphenyl chlorin

(mMrHPC), Al l unera, Levul tvi X,.. Anphi nex, Azadi pyrronet henes,. and
& m xtur e t her sdt hanopartcts Toaded with e Hight Bensiive oISl Kereim B paoppigicly
2, wher eiig akbRoipflgblisenspdrtidleandr oduces si ngl et oxygen by reacting

wi th oxygen in an affected material, in which the photosensitizer is
i ntroduced, upb® light Sensttivemglese 4s mpgevalenibycadsorbed to the sypface of the
nanopar tiglg,Agcie! ai med in any one of claims 1 to 3, wherein the gold
nanoparticle 1s about 10 rimto about 1000 nmin size. 5. The
nanoparticle as cl avheesn ihe renycovaient afitebtaimis hidrpphobic intesacgom antle gol d
nanoparticle is abqut 40 ihn,size... 6. A nanopr.ob .
conprising the nan3%§¥l?c & é?mglg?ﬂgﬁeiﬁmgﬁvﬁoﬁ% Kol %Fﬁ?%sﬁﬁhwgmgw
and furt hghotssexigtidesi Ng a targeting noiety covalently coupled to the
surface of the nanoparticle. 7. The nanoprobe as clained in
claim6, wherein the targeting noiety is selected fromthe group

consi sting of aT1%ERhhopdRIRCIY GainRl iRBhIP IV herBR BOphAERnsiAsr A {IRR4Y
a peptide, an aptamer, a cell surface receptor ligand, a nucleic

acid, a flren dheegroumsonsisingeidivrericinfRiwtadnn,pYistdying, anzingleptlinéeacidainduced
bi oti n, Jo ] i et y. 8. The
nanoprobgﬂggsgﬁggﬁggepﬁbéﬁﬁﬁﬁgiP%?ﬁgFgﬁﬁgﬁgP§€%ﬂg?@%?éé?ﬁﬁﬁwﬁékgwf£is
coval ent | WPe6upl dchs¢rphirhe quopiasgenoie, t dnehrowse) deardl dablyée, byut@doplicnbng) Q-
noi ety. . _The nanopr s clainmed in. claim8, erein the

i nki ng rﬂﬂpmlpg@lyglat ﬁv@@ﬁtgﬁ&%é&l 2 epteganbione, dshy eV iR eor-
10. The nRBeRigARnes Cl-Aighafbaidehfdedi MGretie! ei Npkdagl-P a dione,
mol ecul ar wei ght Pénging fro§1ag§51_10066t0 abquf 8800§%n%%%e 1??6
The nanoprapethideclagetpeal bitcelily aniling asangensaceding, RbodaménceBn apbiae,
nanopr ob eﬂdo?es@eiﬂzmstiﬁ&?ld%thgﬂ)gyﬁﬂllm %nQIPrI(ﬁt}gtrahydroxyphenylchlorin (mTHPC),

Allumera, Levulan, Metvix, Amphinex, Azadipyrromethenes, and a mixture thereof.
3. The nanoparticle as claimed in claim 1 or 2, wherein the photosensitizer
produces singlet oxygen by reacting with oxygen in an affected material, in which the

photosensitizer is introduced, upon activation with a light source.

4. The nanoparticle as claimed in any one of claims 1 to 3, wherein the gold

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

5. The nanoparticle as claimed in any one of claims 1 to 4, wherein the gold

nanoparticle is about 40 nm in size.
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12. A pharmaceutical fornulation conprising a nanoparticle as clained
in any one of clains 1 to 5 or a nanoprobe as clainmed in any one of
clains 6 to 11. 13. A nethod of preparing a nanoparticle as
claimed in any one of claims 1 to 5, conprising the steps of:

provi ding a colloidal gold nanoparticle; and

non-coval ently adsorbing a |light sensitive nolecule to the surface of

the gold nanon@r&ﬁﬁb&oﬁge&nﬁm&g ﬂl@ﬁaﬂcjpgﬁfclcsfﬁ%ﬁiﬁl&?/ﬁl FHRE HE Qainid 1 t0 5

i mobi | i zed on said surface, wherein the non-covalent” interaction is
hydr ophobind fusther gempising antrgeling rmadintyt envalentihtcouplndito i the snmdhecof ¢hed s
an organh&mg%g{aghobic phot osensi ti zer. 14. The method as

nc

clained i afnf13, wherein the step of non-coval ent adsorbi ng

conpri ses: adding a solution of the light sensitive
nol ecul e into ol ution conpr.ising the colloidal gold nanoparticle;
and soni cati ng%fTS‘F EBRRIRDCASHARITEC A g én‘ﬁ%?r5¥1dﬁ%t36$etla5@lﬂlet205 gelected

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.

8. The nanoprobe as claimed in claim 6 or 7, wherein the targeting moiety is

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

9. The nanoprobe as claimed in claim 8, wherein the linking moiety is

polyethylene glycol (PEG) or a derivative thereof.

10. The nanoprobe as claimed in claim 9, wherein the PEG has a molecular

weight ranging from about 1000 to about 8000.

11. The nanoprobe as claimed in any one of claims 6 to 10, wherein the

nanoprobe is a multimodal optical nanoprobe.

12. A pharmaceutical formulation comprising a nanoparticle as claimed in any

one of claims 1 to 5 or a nanoprobe as claimed in any one of claims 6 to 11.

13. A method of preparing a nanoparticle as claimed in any one of claims 1 to 5,
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,
wherein the non-covalent interaction is hydrophobic interaction;

and
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15. The method as clained in claim13 or 14, further conprising the
step of functionalizing the nanoparticle with a targeting noiety.

16. The nmethod as clainmed in claim15, wherein a targeting noiety is
a targeting ligand is selected fromthe group consisting of a small
nol ecul e, an anti body, an antigen, an affibody, a peptide, an
aptanmer, a cell surface receptor ligand, a nucleic acid, a
fibronectin, a protein, vhefditsitN 1iPhtOfeRbifive IndI&MNd f€an @rg,tahﬁ;t hropHigica
conj ugat e thereof and a chem cal noiety. 17. The met hod ‘as

cl ai nred |H¥°&ﬁ§ﬁ#ﬁ@5 or 16, wherein the functionalizing step conprises
nodi fying the surface of the gold nanoparticle with a |Iinker noiety

and coupling the targeting noiety to the |inker noiety. 18. The
met hod as cl ai e dhenmethai nasl Zaimdde beichithh B3, | wikeein the gied Wwét dophe@nelent
gl ycol gbor a derivative thereof. 19. The met hod as cl ai ned
in cIa|n1 EOMRSPEPHS®he PEG i s carboxy PEG 20. The method as
claimed in claim 19ddinBarselufiof BEthE WRRt Jepdifdd blaEL1S tiP a kolbdiféomprising
conpri ses; activating the carboxyl group of the carboxy

PEG wi t h thpe@lmt%ﬁlﬂ%@wyn%rtr%ep@a y1)-N ethyl carbodiin de (EDC) and
N- Hydr oxysucci ni m qgnlgthﬁg)forfﬁ)ou{?ﬁ&ﬂ'g E@atel%ﬁgljatu?@&'fra%% f5p &N active
réacti ng

ester; and active-es am o groups on
an antibody to covalently couple the antibody to the surface of the

gol d nanopartigcle to f ate ol d op artjcle,
21, The net hod Sadh asthedias ﬁﬁ peq f# e ‘hfﬁ Breomprekg the siepi g
step, theupRicRRhif@dht B%Op@ﬁmwmﬁta@gaing%&etﬁt abi lizer.

16. The method as claimed in claim 15, wherein a targeting moiety is a 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.

17. The method as claimed in claim 15 or 16, 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.

18. The method as claimed in claim 17, wherein the linker is polyethylene glycol
(PEG) or a derivative thereof.

19. The method as claimed in claim 18, wherein the PEG is carboxy PEG.

20. The method as claimed in claim 19, wherein the functionalizing step further
comprises:
activating the carboxyl group of the carboxy PEG with N-(3-
dimethylaminopropyl)-N’ ethylcarbodiimide (EDC) and N-Hydroxysuccinimide (NHS)
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22. The nethod as clainmed in claim2l, wherein the stabilizer
conprises sodiumsalt. 23. The nmethod as clained in claim 22,
wherein the sodiumsalt is sodium azide. 24. The nethod as
claimed in claim?20 or 21, wherein after the activating step and
prior to the reacting step, the nmethod further conprises performng
dialysis to renove unreacted EDC and NHS, and/or to renove the
stabi | i &b form O-acylivdarea b en BRIVBRGteAIn®! ai med in clai many one of
claims 20 to 24, wherein the antibody is an anti-EG-R (Epi der nmal
Growt h Factor Recepeasting 8o joiyelgster wih aming giorpNew ay [@ptihady fpicarealendly

growt h f ac%hﬁl% aﬁgglﬁﬁ)rogi Ic?ﬂle%ﬂ}fgé%o&%%%old nan?pégiclm. f'oﬂﬁg;/b@cg:ﬁgﬁgagg Fglldns

conpri si ng: m ni stering a nanoprob® as claimed in an
6 to 11 tmenepstudi¢.ect; and coll ecting imaging data of the subject
or part of the subject with optical nultinodality imaging. 27.

The i maging nethod as clained in claim26, wherein the optical

nul tinodal i ty J1mage Reethed dsNcl¥inéd ih BRI, QFhefin YHYO1d MHBGERGiIng 2fp, fHee

i magi ng nethod as clained in claim26 or 27, wherein the optrca

mul ti noddnethgd fusdhes Goepnrisessasdidingraetpbilizsm t he group consi sting of
magneti c resonance inmagi ng, ultrasound imaging, confocal fluorescence
endom croscopy, optical coherence tonography (OCT), Surface Enhanced
Raman Spect r o92ojphe 8iRE)as ahriined mochoin2t, ivdrerdih éreewdbilizer comprises sodium

salt.
23. The method as claimed in claim 22, wherein the sodium salt is sodium azide.

24. The method as claimed in claim 20 or 21, 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.

25. The method as claimed in claim any one of claims 20 to 24, wherein the
antibody is an anti-EGFR (Epidermal Growth Factor Receptor) antibody or an anti-
Her2Neu (Human Epidermal growth factor Receptor 2) antibody.

26. An imaging method, comprising;
administering a nanoprobe as claimed in any one of claims 6 to 11 to a
subject; and
collecting imaging data of the subject or part of the subject with optical

multimodality imaging.

27. The imaging method as claimed in claim 26, wherein the optical

multimodality imaging is in vive imaging or ex vivo imaging.

28. The imaging method as claimed in claim 26 or 27, wherein the optical
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29. The imaging nethod as clained in any one of clains 26 to 28,

wherein the portion of the subject conprises a tunor cell. 30.
The i magi ng nmethod as clained in claim?29, wherein the tunor cell is
a cancer cell or a cancerous cell Iine. 31. A nethod for

determ ning a photodynam c therapy reginmen for a subject conprising
determ ning the therapy reginmen based on inmaging data collected with
optical mghlihisaeali finaginge@i fcalit #6marhbaneny ebssidng CdfaniBhtik NetMn@ne
of clainms, 6 to 11, or a nanoparticle prepared by the nethod as

clai med iifnaging. siyaseynd dmagipg, qoafacgl fgomscendserndominrpsePRY: capéigaltcoherkece

subj ect . ' ' ' erein.
phot odynasTSBER? SCTE SuffRcBthAte Ch AP SpdciofioB Sy Rte) ML fithydfon
render ed thsrepd. asnoni ¢ heating effects of the nanoparticle. 33.

Use of intrinsic Raman activity of a light sensitive nolecule for
Surface Enhanced Raman Spectroscopy (SERS) based inmagi ng, wherein the

| i ght sensiti\v®e. mat a6 hietRdRRUAGEMS by 6fe 6OHREIsSEDt0l IR, @vherein the
nanoparticle as clained in any one of clains 1 to 5, or a nanoprobe
as cl ai meRPrion efithe sbischeomprsehg tuenargell 1, or a nanoparticle prepared
by the nethod as clainmed in any one of clainms 13 to 25. 34. A
nmet hod of treating cancer in a subject conprising adm nistering a
nanopr obe as lailivedmiagingnyetbork antclaphed irs cBim @91 Whemird theetufror eligs a
photodynani&ﬂ%qﬁrpgémon Hp%lﬁubject. 35. The nethod as cl ai ned
in clai mA3GHEPE HOFHR SRS By nani ¢ t her apy conpri ses i ncubat i ng

t he nanoprobe with a tunor cell to allowinternalization in the cell;

and upon internalizatiaon, illumnating the cell to cause cell death
by reactive 0xygénTehed; g dstsrminingeq Igvtqdw%amlf dherage regimpsy domp subistte
of the n%%"l@ilag determining3Be thER y?@%iﬁ@lﬁjbﬁ%d 6h &hiGAk bidta E61RLIM IR optica]
wher ein the_Ilg t sensitive nolecule is a photosensitizer. 37.
The met hguulgimoghlay wpaging aferya otrepuibecis alamedin any @8, ofiaimsi tot hig or a
met hod i [ receptor in the.cell lL.e d from
the. or oug HaREE bt By (AOnlnot o SRERLE I 1 (o e 3515 75 B bl
epi der naladgrigwelkedfiadiecubjeecept or (EGFR), a Her 2/ neu receptor, a

gl ucose transporter (GQ.UT), a folate receptor, and a steroid
receptor.

32. The method as claimed in claim 31, wherein the photodynamic therapy
program is coupled with photothermal effects rendered by plasmonic heating effects of

the nanoparticle.

33. 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 nanoparticle as claimed in any one of claims
1 to 5, or a nanoprobe as claimed in any one of claims 6 to 11, or a nanoparticle prepared

by the method as claimed in any one of claims 13 to 25.
34. A method of treating cancer in a subject comprising administering a

nanoprobe as claimed in any one of claims 6 to 11; and performing photodynamic

therapy on the subject.
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35. The method as claimed in claim 34, 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

species generated by the light sensitive molecule of the nanoprobe.

36. The method as claimed in claim 35, wherein the light sensitive molecule is a

photosensitizer.

37. The method as claimed in any one of claims 34 to 36, 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/nen receptor, a glucose transporter (GLUT), a folate receptor, and a steroid receptor.
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