Kaoni g Szynka Til mann von Renesse 47 687 K 11.16.2006 - 1 "Fluorescent
nanoparticles" The invention relates to fluorescent nanoparticles with
particular suitability as in vivo diagnostic aid, 5 especially as contrast
agent for discrimnating between different tissue types and clains the

priority of xdanopeampateNnapplieatreneddb 025 022. 4, ref engned7 ei ng nade
to the contents thereof. 10 In a | arge nunber of disorders, a diagnosis
which is as early and informative as possible is crucialﬁ%-lﬁnﬁéﬁﬁhnt for
the choice and the harnonization and _igplenentation of the necessary

medi cal procedures. This applies in particular to a | arge nunber of tunor

15 types, for whose determpahpRsaBd:t HghapY£ipekydi ng possible sections)
di scrim nati on between heatthy and—Tcarcinogeni c tissue i s essential.

Accordingly, the recovery or even the survival of a patient depends

cruci al Iy onpwhethesnenen hpwrmebt therteabkRanandhebpd@topeeat iyigclinician
can distinguish petween different tissue ,types. In _the past, to inprove

di agnosi s aﬁ?%@&F?&ﬁWcafulb?%%gﬁﬁ¥es?scoﬁPragﬁvageﬁﬁég%PFﬁlﬁho§é idit is
25 possi Bl e égpatSaEly zes f Ubat @88 agenst ruet diesrimihhe ibedpdiwdarngi ng

met hods have Pﬁgn develqggd. These nmet hods _ar.e us inter. al.ia for.targeted

detection of T TEFREIE asEoRTHT ed BT &t er &iORE Srhéd *Fdr-Yex&tpl e, Hsu
et al. (2004ufdpedrar -petent| uappdtceationnt Da&s0289600 .10 | mederepicder nal

grow h fact,or. rec r. expression' haot ochem stry and Phot obi ol ogy, 79
(3): 272-27d36%%%éﬁ%%§e %p@ﬂgégoé%ﬁ%§{;éhggﬁﬁgﬂ'fic contrast agent based on
an organic 35 fluorophore as marker for early carcinogenic transfornmation.

In thiSl%asgh1t§eléyggrﬁéﬁﬁgfigkegisorders, a diagnosis which is as
early and - informative as ©possible 1s crucially
important for the choice and the harmonization and
implementation of the necessary medical procedures.
This applies in particular to a large number of tumor

15 types, for whose determination and therapy (including
possible sections) discrimination between healthy and
carcinogenic tissue is essential. Accordingly, the
recovery or even the survival of a patient depends
crucially on whether and how well the treating and/or

20 operating clinician can distinguish between different

tissue types.

In the past, to improve diagnosis and the medical
procedures, contrast agents with whose aid it is
25 possible to wvisualize functions and structures in the
body by imaging methods have been developed. These
methods are used inter alia for targeted detection of

cancer-associated cell alterations.

30 Thus, for example, Hsu et al. (2004) {(*A far-red
fluorescent contrast agent to image epidermal growth
factor receptor expression”, Photochemistry and
Photobiology, 79 {3): 272-279) have developed a

molecular-specific contrast agent based on an organic
35 fluorophore as markerxr for early carcinogenic

transformation. In this case, the tumor-associated
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the epidermal growth factor receptor (EGFR) is utilized for identifying
altered tissue in the nouth via a red fluorescent anti-EG-R anti body
conjugate (Al exa660). 5 A general disadvantage of organic fluorophores is
that they atdanietaboikaeri Inkedherdodyenandd the fl uorochromg egi kg
degraded or inactivated. The netabolization thus counteracts the high

| abeling intensity which is 10 necessary for diagnosis. Adlt-1é -2ddtdence
time of the organic fluorophore in viveg Lncreases, this problem
intensifies and represents a considerable difficulty, especially in the

| abel i ng of weldskpredeRpercti ssue ediayans:l 1ordwcddhbton, rQLEaHs

fl uorophores, which emt at Jonger. wavel engiths in particul ar have the

di sadvant agel ¥##R)  tReitt AR Umprel LT Ed ey erRE chbffal in

conj ugati on gli®ocegmthVbreaves, pegant Cudteraphores iamsr20 wery bsdscepti bl e
t o phot obl eachi n e/\hlq:pgon)g%i en after brief irradiation lead to a
substanti al $OSLHATE 114578 ce. A contrast agent based on t hese

fl uorophéres thus has a fluorescence strength and stability with prol onged

excitation tj ] : .o 0. be suitahle for th tection/
| abel i ng of 'ﬂ(’:e ?I)é\@%%g gégSEeiggPlgggﬁe\éﬁftayoerrggartl'cdeggu?$%@ﬁ%}ef%aglgn% .t Thus,
it is eviderthdy ame heetsahelyi byd Hsm theabody2004kht bae filherAcéaxase0

conj ugates gxhibit i d f et i ; S at
detection of the 3‘8%?%%?%3%@2{%5&6’0’" %:gefrﬁ%l @gggéﬁg%?ae%gsf&gﬁ% ty. A
further knowPpuswiasntstyther thehf| dehsdere Inlbensiy of weerhul as

al terathgns coNsiStS, 0FoHSHRGgS@sis. As the residence time of the
organic fluorophore in wvivo 1increases, this problem
intensifies and represgsents a considerable difficulty,
especially in the labeling of c¢ells in deeper tissue
layers.
15
In addition, organic fluorophores which emit at longer
wavelengths in particular have the disadvantage that
their quantum vield is reduced by the chemical
conjugation process. Moreover, organic fluorophores are
20 very susceptible to photobleaching, which may even
after brief irradiation lead to a substantial loss of
fluorescence. A contrast agent based on these
fluorophores thus has a fluorescence strength and
stability with prolonged excitation time which are too
25 low to be suitable for the detection/labeling of cells
in deeper tissue layers (“deep tissue imaging”). Thus,
it is evident from the study by Hsu et al. (2004} that
the Alexab660 conjugates exhibit a maximum depth of
penetration of 0.5 mm, so  that detection of the

30 fluorescence is no longer a reasonable possibility.

A further known ©possibility for the fluorescent
labeling of cellular alterations consists of using so-
called gquantum dots (ODs), which are fluorescent
35 nanoparticles a few nanometers 1in size whose core

congists of semiconductor materials such as CdSe, CdTe,



cal l ed quantum dots (QDs),

whi ch are fluorescent 35 nanoparticles a few

nanoneters in size whose core consists of sem conductor nmaterials such as

CdSe, CdTe,

the like.
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| nP or

However, when the known QDs are used in biological systens they

show t he so-kilgedDbHioki T phencmMmn@snedsd . €. the nanopar éicleds & ternate

between a fluorescent and a nonfl uorescent state. This phgﬂonenoggnakes t he

guantum dots useless in particular for in vivo applicati

@ltion,

the "blinking" may also indicate a disgntegration of the nanoparticle core,

by 10 nmeans of which toxic cadm um may be rel eased into the
parti cul arl yrh seevwaid ageass because the

body. This is
quantum dots accunul ate in the

body, for exanple in the |liver or the spleen. 15 The present invention is

accordingly based on the

whi ch  exhi idwqadit | Cwihah suhéab’t:hdw:y fors uageasugieagnast bd olaigd.caln

particul ar

as contra

obj ect of providing fluorescent nanoparticles

age i Vo, IS chleved as set
forth in theSHRiHS clbl g%% d%ﬁtcégg ﬁsﬁgﬁéﬁggﬁérg e PRFESEdent
clains rél atie.d0 aﬂaanaaggams1e&hemammunnaﬁﬁmbemmmmpaatEdh@saﬂbddua

i nvention can(fe enpl ed b%@%ﬂé‘sy {Lo %ﬂqsln vu%%ﬁﬁgntﬁg gge%!flc
| abel i ng of Ss@e *n

ecte IO oglcal ruct ares or unc 1 ONs.

pag%lcular

t he nanopanquanuMMIseﬁetsedum@d@sgan servepaasicnlervo faont fast vdgents f or

assi sting
nanoparticle

e I nvention conpri se at ast structures

el 0l cd (I Venti Ogaqs ERRECT ALhY SULGL ARL ARt CRUGN 03, 30 The

speci fi cal | yingidator ganfésépkegraniien Qﬂ;Bhﬂ%ﬂ¢%@b%@tapb%sgpvatlhg’Iayer
whi ch then ifedddd Nof CaRicdS SR8 fiLahl GANAEy e alsNl@iN0ipRSSIYL for

15

20
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body. This 1is particularly disadvantageous because the
quantum dots accumulate in the body, for example in the

liver or the spleen.

The present invention 1s accordingly based on the
object of providing fluorescent nanoparticles which
exhibit particular suitability for use as diagnostic

aid, in particular as contrast agent in vivo.

This subject is achieved as set forth in the main
claim. The dependent claims and separate independent
claims relate to advantageous embodiments. The
nanoparticles of the invention can be emploved both in
vitro and in vivo for the specific labeling of selected
biological structures or functions. In particular, the
nanoparticles selected here can serve as 1in wvivo
contrast agents for assisting medical interventions,

especially surgical interventions.

The nanoparticles of the invention comprise at least
three structures, specifically an inorganic core, which
is sheathed by a passivating laver which then in turn
carries specific ligands, it also being possible for
the specific ligands to be part of the passivating
layer. These 1lead to the specific binding of the

nanoparticles to the target molecule (target) of the



the specific ligands to be part of the passivating 35 |ayer. These lead to
t he specific binding of the nanoparticles to the target nolecule (target)
of the Konig Szynka Til mann von Renesse 47 687 K 11.16.2006 4 bi ol ogi cal
system The inorganic core of the nanoparticles of the invention with the

passi vating ... ayer oundi | t odynam c di anet f, N nor e
t han 15, prel?oer?%lc'ﬁl%/%r%{a unl;&(rjienqa?[hﬂénv%sfﬁ%l her nodynam c di gget%gr?s%z)f not
nore than 8 nmor not nore than 5 nmare particularly prefleneed00bhe
passivating |layer has the task in particular of increasing the fluorescence
intensity and the chemcal 10 and physilcal stability of the inorganic core.
The i norganic, cores sheathed by the passivating |ayer are ¢ arac%]%ri zed by

a quant um yitLWLGH! | eaDSTRIY  ddtRant dGEFEN Cat  IS84§t 36% 50 E&E even
70% The quaiintpaietbdreadts khet hi gveRpNESt iwitd haHat basef vhlkengmount 15

of LN emiLed by a sl e o Une.arount, oL highl asbagtied b the samle
The di anet ermdfe t hehpassi Vst edpeeferadlivn thwts casee | ngi@ased obwrot nore
than 2 _ng] Z%It ci?%mady.ant ggeou fo_rc({ﬁm nano a}:rti cl es i;n_each case also to
be provi ded Wi$H" et sATPRCREFEi Ui aPCF 0 IHFor DURR t e Wonphat T ity with
t he bi ol ogi eadre eghwn dmentard heathohElsel  pddfedreset odynam ¢ radi us 25
t hrough the use of nodifiers preferably does not exceed 2 nm The thickness
of the passivating |layer and of the nodifiers depends in the individual
case al so omrhdepaseligticanghi psyef tHae t thestyasdt uies gaxrtoimulaot keér and in
the relationshipn f0 [he 00698016608 3tensity and the chemical
10 and physical stability of the inorganic core. The
inorganic cores sheathed by the passivating layer are
characterized by a quantum vield of at least 10%,
advantageously at least 30, 50 or even 70%. The quantum
vield means in this connection the ratio of the amount
15 of light emitted by a sample to the amount of light
absorbed by the sample. The passivating layer
advantageously has a thickness ¢f not more than 1 nm.
The diameter of the passivated core is in this case
increased by not more than 2 nm.
20
It is advantageous for the nanoparticles in each case
also to be provided with modifiers, in particular to
improve the compatibility with the biological
environment. The increase in the hydrodynamic radius
25 through the use of modifiers preferably does not exceed
2 nm. The thickness of the passivating layer and of the
modifiers depends in the individual case also on the
relationships of the two structures to one another and
in the relationship to the inocrganic core.
30
Owing to the restriction on the size of the
nanoparticles of the invention, they are particularly
suitable for wuse as diagnostic aid in the living
patient. Thus, the reduction in size results in an
35 increase in the rate of diffusion and in the depth of

penetration into tissue. This allows a uniform and



OMng to the restriction on the size of the nanoparticles of the invention,
they are particularly suitable for use as diagnostic aid in the |iving
patient. Thus, the reduction in size results in an 35 increase in the rate
of diffusion and in the depth of penetration into tissue. This allows a

uni f orm and Kenj TH 14800 VoD Renesse 47 687 K 11.1652@@5 5 rapid

di stribution of (?he nanoparticles in the biological environnent, and
penetration as far as possible through a tissue (e.g. a tldndb). 28ftter | ocal
adm ni stration. The nanoparticles of the invention 5 |ikew se all ow system c
adm ni stration which can also take prage"by i njection. Local

admnistration,. e.g... topical. adm prstration_qr intra--or perjtunpral
adm ni strat ilbar'PJf((f;r tdﬂ‘g'ttfrﬂe[’él%r%g%t 0 1‘:t ur}-%lres, F'g1°Bre é?rlga, hloé/vevg%e 10
Parti cul ar | yoiaolvagi cage ovsnenbounemnt s ahdt heenaanapacti ckes dhrt hes nvention

have a hydr 1 { r of .k re, than_8, i c y -pref-erably of
not nore than Jr’]gn?e Ngiﬁggg%’ﬁ cﬁoegg\%&% a(ees'i e of ttuh%é,ti)wgko?éd%r 1(%5%1even be
excreted t hradginisierdi ey, Beet hmgnoparstichesunofat toe | anwvkatbody is
distinctky | -zng@@r'- e, 1 OYENHE] O h

consi dergbl yﬁrgﬂﬁ{:seet e O‘r'ﬂob_er.n .IC%BIFI%E%?%%%E §,n g)gls%'a?ae v%nsltsr? the
known quant gkt Plage | Oig- tRIAFL20Nt oxketay. adninifindidrorady &ntdageous

embodi ent. {he: nanopaidcliet 8t de baventhdpaeni o fLuotesgrarspect rum

between 600 and 700 nm particularly preferably from 600 to 25 650 nm
especi al | y &t erapisaee t o fe30 nkhe Thitseadmesdi onodpectwiptihas tilfe
advant age ofp @i Edd tigske et ansm ssion owing to only | ow absorption by
henogl obi n
10
Particularly advantageous embodiments of the
nanoparticles of the invention have a hydrodynamic
diameter of not more than 8, particularly preferably of
not more than 4 nm. Nanoparticles with a size of this
15 order can even be excreted through the kidney, so that
their accumulation in the body is distinctly less or
ZETO. The nanoparticles of the invention thus
considerably reduce the problem, which is probably
associated with the known quantum dots, of long-term
20 toxicity.
In a further advantageous embodiment, the nanoparticles
of the invention emit a fluorescent spectrum between
600 and 700 nm, particularly preferably from 600 to
25 650 nm, especially preferably 620 to 650 nm. This
emission spectrum has the advantage of maximal tissue
transmission owing to only low absorption by hemoglobin
and other light-absorbing substances in the living
system (including water). Light of these wavelengths is
30 still perceptible by the human eye, so0o that the
treating clinician is able to identify the labeled
tissue without further elaborate technical aids for
detection (e.g. CCD cameras). This 1is particularly
advantageous when the nanoparticles of the invention
35 are used as contrast agents during a surgical

intervention to discriminate between (for example)



and ot her |ight-absorbing substances in the living system (including

wat er). Light of these wavelengths is 30 still perceptible by the human eye,
so that the treating clinicianis able to identify the |abeled tissue

wi t hout further elaborate technical aids for detection (e.g. CCD caneras).

This is partd.qul ard ¥ nadvantageous, When e nanoparticles of;t Rgyi gvention

35 are used as contrast agents during a surgical intervention to

di scrim nate between (for exanple) Konig Szynka Til mann vboah.Rén898é 47 687 K

11.16.2006 6 carcinogenic and healthy, tissue. In one enbodi nent, the

nanoparticl es which can be enployed ac%ordlng to the invention are known 5

nanoparticles w.th a core for .CO osed of CdSe, CdS or CdTe, as are
R,

car I arll.
descri bed for a 25 @ Sith reference to scientific

publ i cations (see par agr aphs [ 0006]). Reference is also nade in this

publlcatlon:ﬁp qQ&y %Eﬁgﬁﬁ% Bnl%%_th% Bgeg%ﬁggloghgghthgaﬁorgenaterlals
9

(see [0007]), BRce s “had t hese docunents in
their enti rangplfcmed; he agicosiiosgr e bb theh@roplemare's.cm ehrese known

nanopar t gcl %?alféﬁ%] ﬂ%l@§wa{'£nc51h§rfc9% ed2mbie! éo LELGULE Bse

advantageous | e inorgani ¢ core of the nan artl 85-0f “thé 1 nvention
consi sts eds¥ntiarly CfTeseni @dnd@éor sdeTgreslee oré@ren1qxaﬂmﬂspendmng on

their indivighladosd Zp Bl or qﬂpﬂﬁltlg%fegéﬂyy |ntgar|og§hgﬂEqE§C but all

show br oad ban§!20 absorption in the sanme region of t spectrum (UWV
to VIS regi GmMPlinediond t e rrarmpenisi bpo @bbtr%ﬁf?éﬁn¢9rl§péﬂﬁo because

of the high gfgpkesnshifitg Bﬁ%l@gat%ﬁp"@o apdcamBHLEanegise 8xGid athen of
dlfferent guantum dots possi bl e. ey have_ narrow and synmetric em ssion 25

spect r alfhi G RAEAEPTHMRY fshegcrﬁlrey Ia?t%sfala% gpee [00077), e.g. to

Us 6,179,812. Reference is made to these documents in
their entirety for the disclosure of the properties of

these known nanoparticles and the preparation thereof.

15 It is particularly advantageous if the inorganic core
of the nanoparticles of the invention consists
essentially o©f semiconductors. These cores emit,
depending on their individual size and/or composition,
light in wvarious colors, but all show broad band

20 absorption in the same region of the light spectrum (UV
to VIS region). The excitation and emission spectra lie
far apart, because of the high Stokes shift, making
simple and simultaneous excitation of different quantum
dots possible. They have narrow and symmetric emission

25 spectra which overlap only slightly or not at all.
Further positive properties which are of great
importance in particular for the improved depth of
penetration and the in wvivo labeling are the high
gquantum yield of up to 80% and the high photostability.

30
Quantum dots, which may represent the inorganic core of
the nanoparticles of the invention, are disclosed in
WO2005/001889. According to this, an inorganic core
composed of an alloy cof at least two semiconductors

35 which are either homogeneocusly dispersed or else for

which a concentration gradient is present in each case



Further positive properties which are of great inportance in particular for
the inproved depth of penetration and the in vivo |abeling are the high
~quantumyield of up to 80% and the high photostability. 30 Quantum dots,
whi ch may represent the inorganic core of the nanoparticles of the

i nvention, akgng%sgggﬁgg TglmgQ309550§g§§gseAccord|ng to thig; @&y iporganic

core conposed of an alloy of | east two sem conductors 35 which are
ei t her honogeneously dlspersed or el se for which a concenttk atd c0@r adi ent
is present in each case Konig Szynka Til.mann von Renesse 47 687 K
11.16.2006 7 within the alloy is invol'ved. Reference is made to

Vw2005/001888%g¥%§d @Q@V ]ﬁgﬁ Eglnﬂ?hgfvgﬂSC| é%##erage ﬂéﬁ&qu§nd t he

preparation o ese un1do e cores nay I'n sizé by 5%in
each case. 5W@@@©5d0ﬂ@899 ph@a@uﬁthﬁc0@m¢@¢@¢nghéhﬁadgﬁgdnawnﬁsQﬁ t he

| nvention may,Coppr$e kAl {:Hé‘ %ra%@.%tn t tﬁ@%cgﬂg‘d‘&hﬁr ofdle core

havi ng a honbgeneous conp05|t|o bei ng characteri by a and gap 10
ener gy whi chThs ﬂ@ﬁe$|méﬁrdmﬁfﬁrréépéé?ethtﬁé w0l apchraes®- of the two

sem condugtors. Alternatively, the core may be non-honogeneous in nature,
in which case the concentration of the first 15 sem conductor increases
gradual |y, sPEFPragn®tym £he aBRTERNAF €REScOfe thfp negamre tdifliefceoBf t he

core, and tBReCORRRMIIRIH ORadf ddipiSiacOndnsemicanddet it dgep8aseso
gradually fromthe center of the core to the syrface thereof. 20 It is

equal Iy trueSBMLEBRAUEBPES t hatht | £85€ on&3FFPG% he SsenitUMARARES i s a
group II-grodpmybsseMbEONEHEL Obeing characterized by a band-gap

10 energy which is non-linear with respect to the molar

ratio of the two semiconductors.

Alternatively, the core may be non-homogeneous in
nature, 1in which case the concentration of the first
15 semiconductor increases gradually, starting from the
center of the core, up to the surface of the core, and
the concentration of the second semiconductor decreases
gradually from the center of the core to the surface
thereof.
20
It is equally true of both cores that at least one of
the semiconductors is a group II-group VI semiconductor
or a group III-group V semiconductor (the group
definition corresponds to the groups of the Periodic
25 Table of the Elements). The alloy may be selected for
example from the group of the following alloys: CdSeTe,
CdSSe, CdSTe, ZnSeTe, ZnCdTe, CdHgS, CdHgTe, InGalAs,
InGaP, GaAlIlAs, InGaN. These cores may additionally have
a coating of inorganic material such as, for example,
30 semiconductors (e.g. 2ZnS). This additional layer 1is

known to the skilled worker as “capping” or “shell”.

Group II-group VI and group III-group V semiconductors
are generally known and include for example CdS; xSe,,
35 CdS, _xTe,, CdSe 1 xTey, ZnSe; _Tey, 7Zn;..Cd;Te, Cdi_HgxS,
Cd, _xHg,Te, Ini_Gasas, Ga,xAlAs and In:_ . GaxP. The



or a group lll-group V sem conductor (the group definition corresponds to
the groups of the Periodic 25 Table of the Elenents). The alloy may be
selected for exanple fromthe group of the follow ng alloys: CdSeTe,
CdSSe, CdSTe, ZnSeTe, ZnCdTe, CdHgS, CdHgTe, InGaAs, |InGP, GAl As, |nGaN.

These cores : .1 | Y} j of inorganic ekkal wsuch as,
for exanpl e,@%lggg%%ﬂo]%ﬁ%%}és}ﬁ} Sr.ogrfl ZnSéS?:’gThi s additi onalnalba)%lg? iKs known
to the skilled worker as "capping" or "shell". Goup |I-gledp-¥00&d group
[1l-group V sem conductors are generglzé]ywknomn and include for exanple
CdS1 xSex, 35 CdS1 xTex, CdSel xTe,t, Sel _xTex, Znl _xCdxTe, Cdl _xHgxs,

Cdl _xHgxTe, 1nl. | _ X nd _Lnl, xGaxP, . The Koni y Ti | mann
von Renesse %ﬁ%%%g%a%%sflolr%Ggﬁ%%l fys%ﬁlego)r%%ctcoc}ss&p’fe"érgbq%i}"gﬁs(eg‘d are
CdSel _xTex, 208k _XTRex, ZZ0nS€dXFex, CAnhHYGRIX TeCd:CigMegx S, TrodiGakign Te, _

I nl _xGaxAs, 1| nl-x@@xPsywhere . x is anErtngl%hl e fyemQ o 1. 5 The nolar ratio

of the senicondlictors can assume any ar ratio. However, in the case
where the alloy conprises CdSSe, a preferred alloy has the nol ecul ar

fornul at kon ﬁ&’élmﬁﬁi’-- fd%j{$eo§a%%em§éﬁié+‘ﬁd@é£8¥s QIPri sesmdgle. a
allo

=
preferre has the nol ecular 10 fornulation CdS1_xTex. I'n the case
where the a|mfo§ar cGiRriicses HPWSEFRE,, alPr etleer cth g | onaiss he ndildewl ar

formul ati on £heeti sdeXcakBel ey casaruhers tdE1A) | A¥s CHPI nBgecdnGdTe, a
preferred alloy has the nol ecular fornulation solely conposed of CdTe. In

t hese 15 st afSHENaAL10n | L4S1-oh cdBe &DEr afES6n WEEKEentbeandllPY These

preferred i nadgsi Legoragrel theprafepacti desowf hakhechavapticenican be
on of a first solution

prepared with the follow ng steps: _20 gh) pr epar at
under cofdi tiVTFIH I e 1@?1%%%??& & t 53F6r n'REFR) pP8pafatifdn of
comprises ZnSeTe, a preferred alloy has the molecular
formulation ZnSei4Tex. In the case where the alloy
comprises 2ZnCdTe, a preferred alloy has the molecular
formulaticn solely composed ot CdTe. In these
15 statements, x is in each case a fraction between 0 and

1.

These preferred inorganic cores of the nanoparticles of
the invention can be prepared with the following steps:
20 (i) preparation of a first solution under conditions
which enable nanocrystals to form, (ii) preparation of
a second solution which comprises a precursor of the
semiconductors with a molar ratic under a condition
which does not enable nanocrystals to form, {iii)
25 addition of the second solution to the first solution
enabling nanoparticies to form, and (iv) altering the
conditions which terminate/stop the growth of the
nanocrystals and the formation thereof. The method for
preparing the cores is described in WO 2005/001889%, to
30 which reference 1is made concerning the disclosure of
the preparation of this preferred embodiment of the

inorganic core of the nanoparticles of the invention.

In an alternative embodiment, the inorganic core may
35 consist essentially of a noble metal cluster which

preferably comprises 2 and 27 noble metal atomg. In a



a second sol ution which conprises a precursor of the sem conductors with a
nolar ratio under a condition which does not enable nanocrystals to form
(i) 25 addition of the second solution to the first solution enabling
nanoparticles to form and (iv) altering the conditions which

t er m nat e/ styaph th & Qo hriofmdhie varanesiagdeal s and the formayi gg7t ker eof .
The nmethod for preparing the cores is described in WO 2005/001889, to 30

which reference is made concerning the disclosure of thelprépafiffon of
this preferred enbodi nent of the inoIQ@nic core of the nanoparticles of the
invention. In an alternative enbodi nent, the inorganic core may 35 consi st

essential |y pfo @O SofBl @] n&hiSt ‘éﬁewﬁ:oglie efar ahl ysgpg@eé&;a%ﬁ%mand 27

nobl e netal "atons. In a Konig Szynka Til mann von Renesse 47 687
11. 16. 2006 D IpPePerragierod meht golfe RFEBVErMEtIPRYT sePédfdBWrom a

group consi §id Mt Bfurg0l SemShh Y € r169BRCT ruRhahiiRMandathSdi il @8 um
iridium rutheniumand rhodium The c¢luster may have varying charges. 5

These cor es Nt ShdSdaHa e BHAtd GAGRPS0 their strong absorption and
em ssiong they can easily be detected as single so-called nanodots with a
weak nercury |anp excitz%%on.tgge ngggarticl s of the 10 .inveption with
t hese cores At dVahtagettisty VAR Ss HRbor eSEERE  dihgFBSEABI ecul e

| abel and massrorddabelbsorptiie cantiexémoésibe, prigsent daiverkisiny the term 15
"noble nmetal) refers to an_.elenment gro electegﬁgron1.ghgroup consi sting

of gold, silVECHRE cfher” AFH T hEO Frarithiuntgrods tiet 452 P&V YHREt i num
pal | adi um mesmiumy |Yam ungxaeitdteivum alide r hoahoparticpeef escfedthe

enbodi megt s of the A esguh | ONEOL! Wy dde 080! &Pl Al Secusly to be
used as fluorescent single-molecule label and mass
label.

In the context of the present invention, the term
15 *noble metal” refers to an element group selected from
a group consisting of gold, silver and copper and the
platinum group metals (PGM) platinum, palladium,
osmium, diridium, ruthenium and rhodium. In preferred
embodiments of the present invention, the noble metals
20 are selected from the group consisting of gold, silwver
and copper. In a particularly preferred embodiment, the

noble metal is silver or gold.

The term “cluster” refers to a combination of 2-27
25 atoms of a metal. Clusters are known inter alia from
the areas o0f chemical catalysis, of ceramics, of
semiconductor technology and of material sciences. The
skilled worker is therefore familiar with the
preparation thereof. W02004/003558 describes inter alia
30 the preparation of noble metal clusters and
additionally contains extensive further references to
the literature concerning them. There is disclosure in
particular of the preparation of noble metal
nanoclusters assgsociated with organic molecules. The
35 term association is in this connection to be understood

as every type of linkage, irrespective of the chemical



20 are selected fromthe group consisting of gold, silver and copper. In a
particularly preferred enbodi nent, the noble netal is silver or gold. The
term"cluster” refers to a conbination of 2-27 25 atons of a netal.

Cl ust ers ar ekbkrplow_rbzl nd(ear ﬂ:ﬂnfar‘;r[]%’%n t&%eagdgeeas of ch_em cal _ cgyaldégl ?1( of
ceram cs, of 7S conductor technol'ogy and of material sciences.” The
skilled worker is therefore famliar with the preparatiofhlthéreofs
W)2004/ 003558 describes inter alia 30 the preparation of noble netal
clusters and additionally contains éxtensive further references to the

literature concer,ni ng tthem .There i Lsclosute in articular.of the
preparation O MOBHE St al@Hfoc! tg:ll’hse add0&PEEed Wi Ph oF GEATLE ol ecul es.
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is made to \@%Q%grqpi?&@s C@cﬁ_;gij%gféﬁpio reparation of the nanoclusters as
of t

core of tThe anoparticles e 1nvention. The nanoparticles of the
i nvention have a passivating |ayer which increases the fluorescence

intensity andgl {i[ﬁﬁS%S?dB?egh%@ eaEHvBHX?bﬁa'ha%;eab' ! F%F%amﬁglo
I norgani c core. e hanoparticles thus emt Tight ©preferably wth”a quantum
yield of norex¢ianwhosh prerereadsy téfe nbtecrfafAceBo% THenRiioparnidcl es of

the inventi o pr&f&s aklhe exhbRita® Ry SHOLAGea3t a@tlblyity Y agueous
environnent at 4C of at least 12 nonths and are preferably stable over a pH
range frA8m pHRSFIHH 1997¢: e. TRPeyRIRBHRHEYFAEF OnENBE  PB3S t A2RY50% i n

relation to gheidr8peei hiicrspect gahntum yield of more than 10%,

preferably of more than 50%.

The nanoparticles of the invention preferably exhibit a
15 storage stability in an agqueocus environment at 4°C of
at least 12 months and are preferably stable over a pH
range from pH 5 to pH 10, i.e. they show deviations of
less than 50% in relation to their specific spectral
characteristics such as quantum yield, position of the
20 emission maximum, half-width of the emission spectrum.
Preferred particles show deviations of less than 10% in

relation to these specific spectral characteristics.

They also show under biological conditions or in wvivo

25 essentially a constancy/stability of the properties of
the core (including the passivating layer surrounding
it) for a period of at least three days. Preferred
particles show such a constancy/stability for a period
of from 7 to 14 days or up to several weeks, where

30 constancy means in the context of the invention a
deviation/alteration of some or all of the
abovementioned properties by 50%. Particularly
preferred particles show a deviation/alteration of less
than 10%.

35

The passivating layer comprises at least one compound



characteristics such as quantumyield, position of the 20 em ssion nmaxi num

hal f-wi dth of the em ssion spectrum Preferred particles show devi ati ons of
|l ess than 10%in relation to these specific spectral characteristics. They
al so show under biological conditions or in vivo 25 essentially a constancy/

stability ofgddiey ptBR8Ed iesiinn the s ddacl udi ng the pasaipvaging | ayer
surrounding it) for a period of at |least three days. Preferred particles
show such a constancy/ stability for a period of from7 £6-18-d8y¢ or up to
several weeks, where 30 constancy neans,in the context of the invention a
deviation/alteration of sone or all of the abovenentioned properties by

50% Particylrd yoprebgraedapar thol£s showsa deviadd o1/ aldhy,at ing.Of I ess
than 10% 35 The passivating |ayer, conprises at |east one compound Konig
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netal at ons QUwiPt HadeONSr €ay. cydl 1€al TR @i Y 1ahe2adRi UhkaRSratlias
conpound may be a lLewi s base or a cyclically or linearly unsaturated

conmpound wi t¥PTHREBIANt WaItect r BRECNARE cy FHeA TIPS undt ur SYEGLEBMIEuUNd, it
may al sosbe et ef oot corfownd het erfay oaBéd Che 0apRERErodhelensat urat ed or
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position in FEHIBPRT 1heSHPULEar e TOF tHE 2T e ThE"PH§S i ng

| ayer may fuwddes iiaGcl ude aalOpeebsstédkesmbadinidier cydldcealdy dm | anearly
unsat urated _ conmpound nay._al so.functiqn as crosslinker. The co nds

Coor i nat  n SRTH b BRAL BE Rt el Ak Ly S0i BAer (AR oF heddgn

chel ation, oowlretiulzt i o’nhelbamsieﬂaadinlgonlmrmpyprfemdlm ofndkwils bases to
fluoresggnt dnorganiic..corss 2ad ¢9c19sBand Ml V1lRehPds unsaturated

compound may also function as crosslinker.

The compounds coordinating metal atoms or metal ions

may bind functionally through chelation, coordination
15 or electron donor properties of Lewis bases to

fluorescent inorganic cores and correspondingly include

conjugated portions/groups. These molecules may

moreover comprise portions which confer solubility or

wettability in aqueous solutions on the cores coated
20 with them.

These molecules or compounds may include a homogeneous
or heterogeneous (heterocyclic) ring system having one,
two or more linked (or else fused) rings. Examples of
25 preferred hetercaromatic systems are thiazoles,
thiazole derivatives, oxazoles, oxazole derivatives,
pyrroles, pyrrole derxrivatives including doped or
undoped polypyrrole oligomers, thicophenes, thiophene
derivatives including doped and undoped polythiophenes,
30 furans, furan derivatives, pyridine and pyridine
derivatives, pyrimidine and its derivatives, pyrazines,
pyrazine derivatives, triazine and triazine
derivatives, triazoles, triazole derivatives, phthalo-
cyanines and phthalocyanine derivatives, porphyrin and
35 porphyrin derivatives. These compounds may include

unsaturated (colefiniec) hydrocarbons or their amines,



conj ugat ed portions/groups. These nol ecul es may noreover conprise portions
whi ch confer solubility or wettability in agueous solutions on the cores

coated 20 with them These nol ecul es or conpounds may include a honbgeneous
or heterogeneous (heterocyclic) ring system having one, tw or nore |inked

(or else fused)id iNgakEXanples QforRepleefRy red het er oaronaiycegyskens are
t hi azol es, thiazole derivatives, oxazoles, oxazole derivatives pyrrol es,

pyrrol e derivatives including doped or undoped pol ypyrroké-oPi d8REr s,
t hi ophenes, thiophene derivatives inchyding doped and undoped
pol yt hi ophenes, 30 furans, furan derivatives, pyridine and pyridine

derivatives Y, dNe3 @t d £ Sy der b¥abheen REYAZIAESes PYR AT NRa
derivatives, triazine and triazine derivatives, triazoles, trlazoye
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(ol efinic) hydrocarbons or their am nes Konig gé nka Ti | mann_von Renesse 47
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thereto. It is refegiggFior Lheéﬁﬁiecule to have an adequate p or pi

el ectron demdfth?G5 @ 555 12 9% Sdduct formation or resonance on
the surface of the sem conductor core. The heteroaromatic conpound is

preferably imidazole component. 1t .is further preferred faor_an alkyl- 10
Phosph ne’ ol o BeoriRn SorppiRd] Ak ap S threis; i f inedoaple
conponent " rRespriemt.he Tontiext Tirthén s plesferpedonfar hearr oayklile or

oL ot QTR L W T SRR A8 Ml dazole a7 oup 15
The term “imidazole component” means in the context of
this description a heterocyclic or hetercaromatic
molecule which comprises at least one imidazole group

15 (including imidazole derivatives), and which is
available for the linkage of the inorganic core or of
the passivating layer to a metal such as cadmium, zinc,
gallium or a metal cation or a substrate which
comprises such a cation. In this connection, at least

20 one imidazole group should preferably be in a terminal
position in relation to the structure of the molecule.
The imidazole component binds in its functional form
via the ring which comprises delocalized molecular
orbitals to the fluorescent nanocrystal. The nitrogens

25 of the imidazole ring ordinarily serve as coordinating
ligands in order to bind a metal ion such as cadmium or

zinc in a functional manner.

In one embodiment, the imidazole component comprises
30 reactive functional groups such as one or two amino
acid(s) e.g. histidine, carnosine, anserine, baleine,
homocarnosine, histidylphenylalanine, cyclo-histidyl-
phenylalanine, 5-amino-4-imidazolecarboxamide,
histidylleucine, 2-mercaptoimidazole, Boc-histidine,
35 hydrazide, histinol, l-methylhistidine, 3-methyl-

histidine, imidazolysine, imidazole-containing



avai l able for the Iinkage of the inorganic core or of the passivating |ayer
to a netal such as cadmum zinc, galliumor a netal cation or a substrate
whi ch conprises such a cation. In this connection, at |east 20 one

i m dazol e group shoul d preferably be in a termnal positioninrelation to

the struct unes:ofg tdwel eculeinn the ifEdaze e conponent bi nds 6871 ks
functional form via the ring which conprises delocalized nnlecular

orbitals to the fluorescent nanocrystal. The nitrogens 25 18t 16néO0Ri dazol e
ring ordinarily serve as coordinating qhigands in order to bind a netal ion
such as cadmumor zinc in a functional manner. In one enbodi nent, the

i mdazol e coympnantneconprisey. 30 seaethyeihiastboag grogﬁid@@@neas one or
two amino acid(s) e.g. histidine, car nosi ne, anser| ne

ba
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i m dazol e- containing alanine (e.g. (beta)-(2-imdazolyl)- L(al pha)al anine),
carzinine, histam ne. These histidine-based nol ecul es or

i m dazol e- caftaai beng amilkglbhasptinedn ntmrsyniﬂnesheeatdntegmemﬁl ek nown

met hods. | kyl a nt invention a
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| east one functional group r oxy am no-, car oxyI
car boxani denenmetals, or substrates which comprise such atoms, and

which provides at least one functional group (e.g.
hydroxyl-, amino-, thiol-, carboxyl-, carboxamide-
etc.) for reaction with adjacent molecules.
15
Preferably at least one phosphine group ought to be
located in a terminal position in relation to the
structure of the molecule. The phosphine portions serve
as coordinating ligands in order to link a nonmetal or
20 ion such as Se or $ in functional form to a fluorescent

core or a compound from the shielding layer.

In a preferred embodiment, the alkylphosphine-
containing compound includes one, two or more phosphine
25 groups which are coupled together (e.g. in polymeric
form) and which may also include hydroxymethylphosphine
compounds or the 1like, but are not 1limited thereto.
Alkylphosphine-containing compounds can be synthesized
by generally known methods. As is further known, alkyl-

30 phosphine-containing compounds may additionally include

one or more additional functional groups (e.g.
hydroxyl-, amino-, thiol-, carboxyl-, carboxamide-
etc.). Examples of derivatives are hydroxymethyl-

phosphine derivatives, amides or esters, as long as the
35 derivatization is compatible with the functions of the

alkylphosphine as coating which are described herein.



etc.) for reaction with adjacent nolecules. 15 Preferably at |east one
phosphi ne group ought to be Jlocated in a termnal positioninrelationto
the structure of the nol ecule. The phosphine portions serve as
coordinating ligands in order to link a nonnetal or 20 ion such as Se or S

in functionadsdigy mAaka fliuelBscenn el a conpound froavthe7ski el di ng
| ayer. In a preferred enbodi nent, the al kyl phosphi ne- containing caonpound

i ncl udes one, two or nore phosphine 25 groups which are ééupPed®P8get her
(e.g. in polymeric form and which may4al so include hydroxynet hyl phosphi ne
conpounds or the like, but are not limted thereto.

Al kyl phosphi ne-cont ai ni ng conpounds can be synthesized by generally known
met hods. As is further. known, al kyl 30 phosphi ne-contai ning conpounds nay
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aIkyIphosphﬁﬁ%-%%ﬁ giﬁﬁﬁglS%ﬁ%gﬂ%déonﬁavéxﬁheagd F%f%ﬁapdpo§§?b? ﬁFy of
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fl orescent dargands and adduct formation with florescent cores.

The passivating effect of the passivating layer which
is present according to the invention i1s based on the
15 shielding of surface cadmium or zinc atoms or the like
by the complexation with the hetercarocmatic compound or
heterocycle (preferably with the imidazole component}
and the shielding of the counter atoms (Se or S or the
like) wvia the complexation with the alkylphosphine-

20 containing compounds.

The passivating layer of the nanoparticles of the
invention is disclosed in US 2004/0247861 Al. This
published specification describes the preparation of
25 inorganic cores sheathed with the passivating layer,
for example o©of gquantum dots. Reference is therefore
made to US 2004/0247861 for the purposes of disclosing
the preparation of the passivating layer employed
according to the invention and of the inorganic cores
30 sheathed therewith.

The molecules of the passivating layer may further
include or carry chemical groups in order to bind and
crosslink target molecules and cells {specific
35 1ligands). In the presence of corresponding passivating

reagents such as ZnS0; and Na;S these molecules or
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advant ageous enbodi nent, additionally include nodifiers

e Or §3RLERPILPLS| NULANLEPOTL QDR ion  may, in an
advantageous embodiment, additionally include modifiers
which may consist of organic and/or inorganic portions.
They serve to 1improve the compatibility, efficacy
and/or solubility of the nanoparticles in a liguid or a
suspending medium, in particular in the physiological
environment. This surface modification is advantageous
in particular in order to achieve minimal nonspecific
adsorption and an increased compatibility in biological

systems, especially in the human body.

One possibility is modification of the surface with the
polyethylene glycol (PEG) which is already approved for
certain medical applications, especially in low
molecular weight forms, in order to maintain a small
overall size of the nanoparticle. This can increase
both the biocompatibility of the nanoparticles and the
blood circulation time thereof and the efficiency of
uptake into cells. By combining a low molecular weight
PEG layer with further substances such as vitamins such
as, for example, folic acid it is possible to achieve a
smaller wuptake of the nanoparticles in macrophages,
because the protein adsorption to the nanoparticles is
reduced thereby, thus impeding recognition of the

nanoparticles by the immune system.

Coating with monosaccharides, di- or trisaccharides up

f or med

Te . .
e nanopafflcles of the invention

whi ch



They serve to inprove the conpatibility, efficacy and/or solubility of the
nanoparticles in a liquid or a 15 suspending nedium in particular in the
physi ol ogi cal environnent. This surface nodification is advantageous in
particular in order to achieve mninmal nonspecific adsorption and an

i ncreased compdld Wdvinke i kia@logictalRersyesiens, especially én tbg kunan
body. 20 One possibility is nodification of the surface with_ the

pol yet hyl ene gl ycol (PEG which is already approved for ¢értai rOREdi cal
applications, especially in low nolecykar weight fornms, in order to
maintain a small 25 overall size of the nanoparticle. This can increase
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degradation.

A further embodiment is the wuse of biologically
compatible hydrophilic vitamins as modifiers such as,
15 for example, thiamine, riboflawvin, niacin, pyridoxine,
cobalamin, pantothenic acid, ascorbic acid and folic
acid. Thus, for example, folic acid may lead to a
preferred binding of nanoparticles to cancer cells.
This wvitamin shows only low immunogenicity and thus
20 high biocompatibility. Binding to the membrane-
associated folic acid receptor facilitates

internalization of the nanoparticles.

The surface modification with lipophilic wvitamins such
25 as retinol, cholecalcifercol, tocophercl and
phylloguinone is likewise possible. Thus, for example,
vitamin E may lead to an increased cellular uptake of

nanoparticles.

30 Fatty acids such as, for example, l-octadecenes or
18-methyleicosancid acid and derivatives thereof may
increase the solubility and stability of the colloids
and have a terminal functional carboxyl group which can
be utilized for subsequent binding of specific ligands.

35 It is therefore worthwhile also to include fatty acids

as modifiers.



the use of stereoisoneric forms (D-/L-) of the 10 saccharides in order to
count eract possible degradation. A further enbodinent is the use of
biologically conpatible hydrophilic vitam ns as nodifiers such as, 15 for
exanpl e, thiam ne, riboflavin, niacin, pyridoxine, cobalamn, pantothenic
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applies to ﬁ%ﬁsﬁset (4 | J8FS& hytene™( P?IQE,SI%%EI offf, aggbg&eal F?/Eluﬁelat s | ow
nmol ecul ar wahmgtte ifror s, adgpitei oasi s Bélwhethafiueosopolsgiehe to ashi eve

reducedlo frequently employed in cardiosurgical applications.

A surface modification can likewise be undertaken with
one or more naturally occurring amino acids, which
include both the proteinogenic and nonproteinogenic
15 amino acids, and synthetic aminc acids. It 1s possible
in this connection to use both stereoisomers (D and L
forms). Di-, tri-, tetra- up to small polypeptides
composed of the abovementioned amino acids scarcely
stimulate the immune system and are thus 1likewise
20 suitable for a thin compatibility layer. Possibilities
in this connection are artificial amino acid seguences
and sequences from Dbioclogical proteins. Peptide
derivatives of natural proteins such as, for example,
of phytochelatin can likewise be wused for surface
25 modification. Surface modification with Tat peptide and
Tat peptide-containing peptides is a further
possibility for making nanoparticles available for use
in biomedical applications. The Tat peptide 1is an
efficient molecule for bringing, for example, gold
30 nanoparticles through the c¢ell membrane inte the

nucleus.

A further embodiment of the possible modifiers is the
formation of a phosphorylcholine coating. Phosphoryl-
35 choline reduces possible nonspecific protein

adsorption, such as, for example, on contact lenses. A



protei n adsorption. Polytetrafluoroethylene is 10 frequently enployed in
cardi osurgi cal applications. A surface nodification can |ikew se be
undertaken with one or nore naturally occurring am no acids, which include
bot h the proteinogenic and nonprotei nogenic 15 am no acids, and synthetic

am no aci ds.xdrid SHesE bli@ mdrh s eanged i on to use bot hgst gggoksoners (D
and L forns). Di-, tri-, tetra- up to snmall pol ypeptides _conposed of the
abovenenti oned amino acids scarcely stimulate the i muneldydfedP8hd are
thus |ikew se 20 suitable for a thin_cqogpatibility layer. Possibilities in
this connection are artificial amno acid sequences and sequences from

bi ol ogi cal R[Sy IRERITIGR HIRIH vald Ve Ofamat HE@LLPEOLEI REeSHBR-as, for
exanpl e, of phytochelatin can |jkew se be used_for_surface 25 nodification.
Surface nodi FIHTEWEHIT PIRRETERT defandPiayedehel delBoREALRFAGPept i des

is a furthergyqaged bi khtly foE nmakishd riggnepaid | ches aviaid ablienbokewse 1N

bi omedi cal appl.ications. The Tat peptide is an efficient nolecule for

bri ngi ng, fcﬁtﬁg&%ﬁﬁ¥a gold 30 nanoparticles through the cell nmenbrane into
the nuckeus. A further enbodi nent of the possible nodifiers is the

formati on of ,.a phosphoryl choline coating. Phosphoryl.- 35 .choline reduces
possi bl e no %%ngTﬁi%Fg?ﬁead§%r %?%ﬂgpiﬁg%fgs,t%éﬁ SHPTEFCDn 1€ont act
| enses. A Kaaniggl Gzaythkian Tdivernye vioed Reabssppd7c687okKs . 1lodk6md086ularl8
phosphoryl chol.i dificati ecause _of n-_thro ni_c
properties}%%?iﬁ%J%%ééévéﬁIégﬁgiggﬁég§c%$ p§§§%gﬁ%ggnar%sadggggﬁﬁﬁished by
hi gh | ong-t eyamsidtidgitiy ty. £6rSi nceipolag act mpdifécbidoonpatabl e, thki s
SUbStanﬁglfﬁanoparticles of the invention. It is possible in this
connection to employ both sterecisomers (D/L form) in

order to reduce possible biodegradation.

Besides the surface modifications mentioned it 1is
15 possible to link nonspecific proteins in a
proteclytically cleavable manner to the nanoparticles.
This may result in an increase in the
biocompatibility/tolerability. Elimination of the large
protein can take place at the target site to release
20 the small nanoparticles in the tissue. It is likewise
possible for the elimination to take place after an
appropriate residence time. Suitable and preferred for
this purpose are widely used proteins such as, for
example, transferrin lactoferrin, ceruloplasmin,
25 elastin and albumin as well as other proteins which
reduce nonspecific adsorption. Thus, for example, a
surface coating composed of combinations of
polypeptides with elastin can prevent unwanted thrombus
formation and thus increase the biccompatibility of the

30 nanoparticles.

The main serum protein albumin is able to reduce
nonspecific interactions with plasma membranes. The
correspondingly modified nanoparticle moreover retalns
35 the ability of forming specific interactions with

target cells through simultanecus binding of a specific



enpl oyed in diverse nedical applications. Low nol ecular weight forns of
polylactate in particular are a further possibility for surface

nodi fication of the 10 nanoparticles of the invention. It is possible in
this connection to enploy both stereoisoners (DL forn) in order to reduce
possi bl e bi adegradalin. Basiles die maHdane nodifications gentgongd it is
15 possible to Ilnk nonspecific proteins in a proteolytically cleavable
manner to the nanoparticles. This nmay result in an i ncreasel %n

bi oconpatibility/tolerability. Elimnatigon of the large protein can t ake

pl ace at the target site to release 20 the small nanoparticles in the

tissue. It iy ddrkpwitse tH@SS% felé@é ther £ natdakdyp take pPhasgafter an
appropriate residence tine uitable and preferred_ for. this purpose are

wi del y used 33tiths ®aich ¥adf of© e%anﬁ‘iJ@St%?l’éhé%le HONGRE of BAPPA,

cer ul opl asmdyr 20 £ iast | fh kO ntRs Yebyersi 64 et 959&@! 0 twhiech
reduce nonspecific adsorptio P% Thus, for exa surface coating

lLle, a
conposed of WorfHTRE ofe %ﬁyb%b??ﬁ%%oﬂfPgd@}%é?FﬁaEéﬂnpFE@@nﬁsunwanted
thronbuss f adheatdzode anictH Riscdatdasahdgw-diicempatibility of the 30
nanoparticles. The main serumprotein albumn is able to reduce nonspecific
interactions with plasma nenbranes. The correspondingly nodified
nanoparti cl Semirdmsy etheetmmsp85i £ he a:knialtiitny;sof ofivt imad saie:ejéi cthe
i nteraction et cells _throu |nultane bi ndi pecific
Koni g Szynkéla\%dx gr%ﬁ:n%\l vgené ReﬁkesseE églye% 1. 16 6 d 8%1% gan to the
particle SLwﬁahﬁilHQNWItﬁ)WWI¢ese¢ehi apeunfncnhygaeéd t 6oz subspdetial |y
| onger bpooq e%} r&k'!eatd \?@utéjar?eé hE&“g.)Qott@in%r eVa?rY'EiJ%HP s apkdcyplake by

macr ophages a Intra us adm ni stratton’t ha
or, partlcularly preferably, to small high-affinity

protein domains, antibody fragments or other organic
molecules which bind, for example, to tumor cell-
specific structures or other targets.
15
The combination of reduced hydrodynamic diameter, which
leads to the higher rate of diffusion and perfusion
mentioned, together with the previously described
properties and improvements and with the high
20 fluorescence intensity in particular in the visible red
region of light makes the nanoparticles of the
invention a simple diagnostic aid with diverse possible
uses for selective and accurate discrimination of
tissue types in vwvivo, These  possibilities in
25 combination with tissue-specific biomarkers serve in
particular for differentiating abnormal,
(pre)carcinogenic from normal tissue, assisting visual
assessment for more precise tumor resection during a
surgical intervention. The nanoparticles of the
30 invention which can be employed in this connection thus

serve as contrast agents.

According to the present invention, the nanoparticles
can be employed either as in vitro or in vivo
35 diagnostic aid, theranostic agent and/or therapeutic

agent. They can for this purpose be administered



5 the case with uncoated nanoparticles. Besides the nonspecific coatings
outlined above, the nanoparticles of the invention carry a selective

| abeling with target cell-specific |igands, for exanple 10 they are
conjugated to proteins, antibodies, peptides or, particularly preferably,

to small, highRf fdRidva Mretsin wWemidiesant i body fragment 870680t Rer
organi c nol ecul es which bind, for exanple, to tunor cell- specific
structures or other targets. 15 The conbination of reducedlhyfr8@8¢fam c
di aneter, which leads to the higher rate_of diffusion and perfusion
mentioned, together with the previously described properties and

i npr ovenent ﬁ%g i thot he Hgﬂi rescer L Lyiin rtieplar in
t he visible%?e |]$£ f%neofq]|95%9ﬁ%%§§'sﬁe EQES%QPE?CFeS %f t e&hﬁgvention a
si npl e di agriosidicadily wi t Begegeibeeposstbseuessesddn?) sel &t i ve©aR@ accurate

di scri m natiQn«Qfy; dd19SMe types . i N YiNG-adIRS& RASSI bi LbEheStbBidal
conmbi nation With tissuée-specific biomarkers serve in _particular for
di ff erent i atdy TeFiGERICT (PRR) BSr ciSRYGSAYE r GHi nokHERLEi ssEBraXssi sting

visual  gssessiNBNlor ,0rgdDf € £RRACT S&-d44Dl ad €586t LARCHUT i A mSYr Bkcal _
intervention. The nanoparticles of the 30 ._.invention Mhl%h can pe enployed in
this connectR™HERRY HerPerhaCHOALr 49F dg¥ht sTeaRRSR b Ap9R°he Plesent

i nvention, the nanopagahel eHra0ani Reakraplieyedl €bt BeksaplienN Wigf0 @k in vivo
35 diagnostic ai.d, theranosti agePt and/ Qr therapeutic agent. They can for
this purposé%ﬂ?%ﬂkﬁ?ﬁsté?edtﬁﬁ%ig CRnkELTI | Son ReneSERSH7#eE87 K
11.16. 2006 rnrZlatdieesl lis (eeguallyraposdiialéy, (engtanypealacl yaaali nto
surgicah by acgessihle LISSuey or93nN:i9%.8 58 envisaged. In one
variant, the nanoparticles can be implanted in depot
form. The term “diagnostic aid” is used in the context
of the present invention as synonym for “contrast
agent”, i.e. it serves for the discriminating
15 wvisualization of morphological or functional structures
in biological systems, especially in living people, to

assist a medical intervention.

The nanoparticles can be employed as diagnostic aid

20 especially in surgical interventions. They can likewise
be used in minimally invasive methods (e.g. endoscopy,
laparoscopy). Combination with imaging methods such as
PET, MRI, CT etc. is worthwhile.

25 As already stated above, the use according to the
invention in the form of local administration is
particularly advantageous. The amount of Cd employed on
local administration in this connection advantageously
does not exceed one tenth of the total exposure which

30 normally accumulate anyway during the course of life in
the liver and kidney of a person of advanced age and
usual lifestyle. The total exposure of these organs is
about 18 mg (Saturag et al. 2000; “British Journal of
Nutrition; 2000, ({84), 791-8B02). Accordingly, it 1is

35 advantageous on local administration for the amount of

nanoparticles to be limited so that the amount of Cd



systemcally (e.g. intravenously). Local/topical admnistration can be
envi saged as liquid, spray 5 solution, gel, foam cream active patch. This
may be preferred in particular for the treatnent /diagnosis of hollow
organs. Oral intake is also possible, e.g. as liquid or in the form of

tabl ets or capsub eSaynikahel BRAD Yon e@taldye possi bl e (e.g. sprawy. wnal 10
adm ni stration by suppository is envisaged. In one variant, the

nanoparticles can be inplanted in depot form The term "dilad®ogd% aid" is
used in the context of the present invgntion as synonymfor "contrast
agent", i.e. it serves for the discrimnating 15 visualization of

mor phol ogi cal, )96 f UNCHONAL, SET UGTUE €S0 NsPREOLOGE £l 15Y S .60Beg eReT @l Iy in
i ving people,”to assist a nedical intervention. The hanoparticles can be
enpl oyed as ‘@Himo’Ei € APd 10 aesm’étaw%faifhywrgif@areiﬂn@@\%@@ﬁme@ﬁs. They

can |ikew sechderus®d v Nswh DiPRELYn i DY¥agby8i RREhaden( Ghen BRAGSERRN _
| apar oscopy). Conbi nation with |nagggg)nethods such_as PET CT etc. is

) MR,
wor t hwhi | e. 25 #enerehdyospht w815 o5 O tysXERedr di K§tRS AROUTTvent i on

inthe farmef ¢ ogahg admat SEUBi DN pSefLHEBIEW & lig AdyRnéageDus. The
anount of Cd enployed on local adm nistration in this connection

advant ageously does not exceed one tenth of the total exposure which 30

normal | y acorhall g€t sayWey sdvangagdec€othse ehbbififiehd ikhehkitvemheand

ki dney of a ersog of, advanced age and , usual,.lifest HF. The total exposure

of these or gui® PE HHOUPATEDRE CSLERr g CROdFC230GHP LA Rh Fournal of

Nutrition; 2D0@ind 8éprsddl-iB02rheAeber dicxgihld t fos Fheadfhntagedus: on | ocal

adninis&ration for tgghanount of .nanoEarticIes.to bgﬂﬁhniged so _that the
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this 1s precluded because of the toxicity associated
therewith. This i1s because local administration reduces
the dose of nanoparticles necessary for adeqguate
visualization.

15
It has emerged that the Cd-containing contrast agent is
advantageously employed according to the invention for
vigualizing a tumor in viveo in a dose corresponding to
an amount of from 0.002 to 0.02 mg of Cd per cm® of

20 tumor tissue. Dosages of the contrast agent of from
0.002 to 0.015 mg of Cd/em® of tumor tissue are
particularly advantageous, in particular between 0.002
and 0.010 mg of Cd/em®. It is possible with this
advantageous dosage to visualize tumors with a wvolume

25 of up to about 150 cm® in wvivo without thereby
exceeding the normally acceptable upper limit of

exposure for humans.

The 1nvestigations may relate to all accessible
30 tissues/organs of the patient, especially the skin,
hollow organs (e.qg. in the gastrointestinal,
urogenital, respiratory tract) or else externally
accessible regions of the sensory organs and also the
cardiovascular system.
35

Use as in vitro diagnostic aid is also possible, e.g.



supplied at | east does not substantially exceed the value of 2 ng. In a
particularly preferred enbodi nent, the tunor visualization is possible even
. when an anmount of contrast agent which does not exceed a total anount 5 of
0.6 ng, particularly preferably 0.2 ng, of cadmum The particul ar

advantage ofgxéiis erpodi menimdsn thad Adeesdse of the nanopanti glggs xi n
nmedi cal application on a living person is thereby possible for the first

time 10 because otherwise - i.e. as system c adnministratiaéa-16t-Ri%G s
precl uded because of the toxicity assocjated therewith. This is because
| ocal adm nistration reduces the dose of nanoparticles necessary for

adequate  vi sHAligRldOfkndm: d{rN1a5, CFRLECT LhAlnd Rgn COACORR ARG froNt r ast
agent is advantageously enp oféd accordi'ng to the invention for
vi sual i zi ng @f t ui®r VAVe validn andosel e r ebadidpsgst o (eal - amBHePSH from

0.002 to 0. Qg @241 Cth P54 LB 2 20, t APUntd $S4gs . Dosages of the contrast
agent of from 0.002 to 0.015 ng of Cd/cnB of tunor tissue are particularly

advant ageous, in particular between 0.002 and 0.010 ng of Cd/cnB. It is

possi bl e swi tfhd Ad S thad\RMAREAUS 1405 agee t @mpi Syl Z&éw@fﬁw&éh the/ol une 25
of up to about 150 cnB in vivo without thereby exceeding the pormally
accept abl e ubpesEioRt f6F EXPORRFRECIGr PHERRSSS  THE I YivE€STeya® F orfdidmay

relate to alligesc@ssi bife 8Ret SRURILATUTIS Of mhite padiept, FFRRGA |y the

ski n, h0||OW%fr§a£S (e.g. in the gastrqQintestinal, , urogenital, respiratory

tract) or elBE&&teThal |‘3‘ actEsSi Dl e TEFAESY t hé SensorFRIFFEATE and al so

the cardi ovestededsrsyshamefFedise atni Bhibt conticagriest i s aad ligadldso

possi bl g, e. g, Koni g Szynka [ Lmann yon Renesse 44 687 K oparticle
advantageously carries both specific 1ligands for
targeted localization of the nanoparticle in the body

or in the tissue, and a ligand with effector molecule.

153 The effector may remain linked to the nanoparticle or
be able to be eliminated, or detached or released. The
effector may for example exert iits function wvia an
activation/inactivation of a receptor, a masking of
(surface) structures, activation of the immune system

20 (“priming”}, modulation of signaling pathways,
activation or deactivation of an enzyme, gene therapy
(e.g. by targeted delivery of plasmids or siRNA),
targeted delivery of toxins/chemotherapeutics/cyto-
statice or a stimulating effect on, for example,

25 metabolism, hormone production inter alia. Protection
of cells, e.g. insulin-producing B cells, is also

possible.

1. Methods
30 a) Preparation of a BP6l9-neutravidin conjugate with

linked biotinylated monoclonal antibody

Chemicals and materials

35 Nanoparticles
BP619 200 pg/ml



11.16.2006 - 22 inmmunohi stochem stry or FACS, and ELI SA. A conbination of
invivo and in vitro diagnosis (e.g. biopsy material) is particularly
advant ageous. 5 Where the nanoparticles are enployed according to the

invention for therapeutic purposes, only sonme of the |igands of the
nanoparti cl egdpmyy Caf vk £f1 eifin A atdl&sOr active substangegg7i xe.
represent effectors. An effector in this connectionis aligand 10 with a

sel ected function. The nanoparticle advantageously carrié3d-Bét-B0&ecific

ligands for targeted |ocalization of the nanoparticle in the body or in

the tissue, and a ligand with effector nolecule. 15 The effector nmay remain

linked to thﬁlé‘agge%t |Gl eB?Fl'Fb%aQﬁ%%rttQchee el L mzhat ed,oF - flef achgd or

rel eased. The effector may for exanple exert its function via an

activation/ thacinvertbenof 1acreébphos, aa GRsREngode ((sdiPHCEPT&uct ures,

activation ofndhe igmung systami2@ ("PLLPLRAY") ,ag0dul@itd on i signg i ng

pat hways, activation or deactivafion of” an enzyne, gene therapy (e.g. by

targeted del¥¥et80ot0P Hahh sl or si RNA), targeted delivery of

t oxi ns/ chenot her apeutics/cyto- statics or a stinmulating effect on, for

exanpl e, 25 netabolism hornone production inter alia. Protection of cells,

e.g. insulirEfReMicing B cells, is also possible. 1. Methods 30 a)

Prepar ati on miraf BR61Yroeeinavi di pregyrdtgaia Whdspha tkathdi obufrat ed

nmonocl onal ant.i bod Cheniéﬁg and materials 35 Nanoparticles BP619 200
?ﬁ?ﬁﬁﬁ e n

gg/ m Koni g Renesse 47 687 K 11.16.2006
10 MES Dbuffer substance (Sigma), NacCl, KC1, NayHPOQ,,
KH;POy4, EDC (l-ethyl-3-[3-dimethylaminopropyl]carbo-
diimide hydrochloride), 5-NHS (N-hydroxysulfo-
succinimide), dialysis chambers (Slide-A-Lyzer),

Vivaspin (MWCO 50 kDa, VivaScience)
15
Buffer
D-PBS (10x)
1370 mM NaCl (80 g/1)
27 mM KCl (2 g/l1)
20 42 mM Na;HPO,*12H,0 (15.4 g/1)/7.652 g/l Na;HPO,*2H;0
14 mM KHPO, (2 g/1)
make up to 1000 ml, the pH should be about 7.5,

autoclave, storage at RT.

25 For a 1xPBS solution, dilute 100 ml of 10x buffer with
ddH.0 and, before making up completely to 1 1, adjust
the desired pH (pH 7.4 (&b) or 8.0 (QD)) with a few
drops of 2 M NaOH.

30 MES buffer = activation buffer
Make up fresh (organic buffer, cannot be autoclaved)
Formula for 0.8 1 (0.1 M MES, 0.25 M NaCl, pH 6.0}:
15.616 g MES
11.688 g NaCl
35 ad 800 ml ddH,0, adjust pH 6.0
Make up to a maximum of 0.7 1 with ddH;0, then adijust



- 23 The BP619 or BP617 nanoparticle is a nanoparticle of the invention,
I.e. it has a CdSxSe core ("alloy core") and a passivating |ayer as
disclosed in US 2004/0247861 Al. 5 Protein Purified protein is present in
phosphat e/ NaCl buffer (storage at -80C) 10 MES buffer substance (Sigm),

NaQl, KCL, Ne2hPOds,. KH2POM 1 EDC ¢dr ekdiybsds [ 3- di met hyl ani nopr ey hear bo-
diimde hydrochlori 0%) S-NHS (N-hydroxysul fo- succinimde), dialysis
chanbers (Slide-A-Lyzer), Vivaspin (MACO 50 kDa, VivaSci dice)p .18 HBuffer
D-PBS (10x) 1370 nM NaCl (80 g/1) 27 KC1 (2 g/1) 20 42 mM Na2HPO4* 12H20
(15.4 g/1)/7. 652 g/ 1 Na2HPO4*2H20 14 KH2PO4 (2 g/ 1) make up to 1000 m ,
the pH shoul bout 7. ? R’I aut aclav

tor or a_1xPBS
sol ution, Od“rﬁh X bu ferﬁaﬂ§1 g’ﬁfguan lyber?%]?ée r’rﬁk?‘ng up
conpl etely t8)0(1 rtu wdilusddHithe desired pH (pH 7.4 (Ab) or 8.0 (Q)) with a
few drops of 2 M NaOH 30 MES buffer = activation buffer Make up fresh
(organic buffer, cannot be autoclaved) Formula for 0.8 1 (0.1 MMES, 0.25 M
NaCl , pH 6 0):M IFllide MESUt.B88 (gaNaCbe35stdredo mrdcﬂ—lz@elquhyst pH 6.0

Make up f %P:E%@U%@f Hod L th 4oH20Q 4 hefy, adi;ust- KA Szyka Mt | mann

von Renesse 4
aliquots

Procedure
Firstly, MES buffer {activation buffer) is prepared in
10 a glass measuring cylinder. The dialysis chamber is
hydrated in MES buffer for 1 to 2 minutes before use.
100 pul of BP619 (20 ug) are made up to a final wvolume
of 400 pl with MES buffer in a sterile Eppendorf wvial
and thoroughly mixed with a pipette. The BP61% are
15 transferred into the dialysis chamber (3.5 kDa). In the
first dialysis, the BP619 are dialyzed against 800 ml
of MES activation buffer at room temperature with
continuous mixing and protecting from light for one
hour. After the first dialysis, the BP619 are removed
20 from the dialysis chamber and transferred into an
Eppendorf wvial. For mixing EDC and S-NHS with the
BP619, stock solutions of in each case 100 mM EDC and
100 mM S-NHS are prepared immediately before use. After
the first dialysis, 33 ul of 100 mM S-NHS and 13 ul of
25 100 mM EDC are pipetted into the BP619 and shaken at
room temperature and 350 rpm, protecting from light,
for 15 minutes. After the incubation, the BP619 are
dialyzed against PBS. For this purpose, the BP61lS are
transferred into the dialysis chamber (MWCO 3.5 kDa)
30 and dialyzed against PBS with pH 8.0, protecting from
light, for one hour. After the second dialysis, the
BP619 are removed from the dialysis chamber and
transferred into an Eppendorf vial. The activated BP619
are mixed with 80 pug of neutravidin (8 ul at 10 mg/ml,
35 20 ul final wvolume with D-PBS). This reaction mixture

is then ghaken at room temperature and at 350 rpm,



11.16.2006 - 24 the pHwith 2 Mor 5 M NaCOH Subsequently make up to 800
mM with ddH2O 1 M glycine solution (can be stored for a lengthy 5 period
at 4Cif sterilized by filtration), frees aliquots Procedure Firstly, MES
buffer (activation buffer) is prepared in 10 a glass measuring cylinder.
The di al ysisK&l;@%b@i 418 hydrated don MES hudfder for 1 to 2 mgpulesy lgef ore
use. 100 gl of P61% (20 g) are made up to a final volune of 400 gl wth
MES buffer in a sterile Eppendorf vial and thoroughly m Xéd1%i.-290% pipette.
The BP619 are 15 transferred into the c95al ysis chanmber (3.5 kDa). In the
first di aI ysi s, the BP619 are dial yzed “agai nst 800 m  of MES actlvatl on

buf fer er at ur, t tin d pr in rom | ight
for one ﬁ%'ﬁ%@érﬁ f%l }r%st hld%%%’si s,lf%t%henaBPG ua%e rezgrfogée:% 2% rom t he
di al ysi s chacmnejumndlcman‘sher cedjugbtian rEppendoris véabredFoatmdfing EDC and

S-NHS with t ot£%§%? %EB@kﬁﬁgﬂg eO%ohﬁo%iﬁpef 190M Eggnﬁpd 100

nv S- NHS ar € préepare ‘befor e "use. ‘he™ fir ysi s,
Al of 100 nM$%- Mﬂ@eé:rt@dl?»lnl (2] 256 f0oadM ED3- ane piqmletrétranﬂmltt@ef BP619

and shaken t%%g type %Pc%%xg& t t;n for 15
m nut es. Af?ier t eglhncu atlﬁon, the Hgé QI(?%C]E& yggg%%% st %Bél For this
purpose, theeBPFEIC are transferred into the dialysis chanber (MACO 3.5 kDa)
30 and di al yzed against PBS with pH 8.0, protecting from |ight, for one

hour. After the second dialysis, the BP619 are renoved fromthe dialysis
chanber and The aBS6APr eBORTES? BAS E;ﬁﬁ%d@ﬁcﬁﬂérat?ﬁe BNy aVayapPer are

m xed with 800 0f it paredi NThd e v8Y Mre 38e20rgkubbAakinaliume with

D PBS) . ThIS reaction m xture
the desired concentration i1s reached. This is followed

by stoichiometric addition of biotinylated monoclonal
antibody directed against the membrane-associated and

tumor-associated glucose transporter 1 (GLUT1) antigen.

15 b) Conjugation of BP61% with EGF-His

Chemicals and materials

Nanoparticles
20 BP61S 200 pug/ml

Protein
Purified protein is present in phosphate/NaCl buffer
{storage at -80°C)

25
MES Dbuffer substance (Sigma) , NacCl, KC1l, NaHPOQ4,
KH;POy4, EDC (l-ethyl-3-[3-dimethylaminopropyl] carbo-
diimide hydrochloride}, S-NHS {(N-hydroxysulfo-
succinimide), dialysis chambers {Slide-A-Lyzer),

30 Viwvaspin (MWCO 50 kDa, ViwvaScience)

Buffer
D-PBS (10x)
1370 mM NaCl (80 g/l)
35 27 mM KC1 (2 g/l1)

42 mM NaHPO,*12H,0 (15.4 g/1)/7.652 g/l NaHPO,4*2H,0



i s, then shaken at

roomtenperature and at 350 rpm Konig Szynka Til mann von
Renesse 47 687 K 11.16.2006 - 25 protecting fromlight, for 2 hours.

After the conjugation, the conjugation mxture is stored at 4C, protecting

fromlight.

The followng day, 1 Mglycine is pipetted into a final
gl ycine CO”Q@@&i@Fé 10 B 10 M ok ofdles 4o saturate any reacigigwe ggr oups
still present.

centrifuge tubes. The conjugates are centrifuged until 101t.Ré .d&%6red
concentration is reached. This is foll
bi oti nyl at ed nonocl onal

P619 conjugates are concentrated using Vivaspin

and tunor-ass

Conj ugat i on

d by stoichionetric addition of
anti body directed agai nst the nenbrane-associ at ed
i qugl o] sporter 1 (G.UT1) antigen. 15 b)
ofqg%g%g mnEﬁﬁEzg-g{g?Chenlcals and materials Nanoparticles
BP619 200 gghafe Pt dion POOIOf i @d. prohei neils pPraskdt e sresrhat/e/SNad

buffer (stofage.lys80Q) 2y i fer substance (Sigma), Nad, KCI,
Na2HPO4, KH2PO41 EDC (1- ethyl 3- [3 di met hyl anmi nopr opyl ] carbo- diinide

hydrochl oride), S NHS (N-hydroxysul fo- succinimde), dialysis chanbers

20

(Slide-Aslyzgg), 5 §QP¥SV%%QM'E16MAC@1(§C&#J&DQLOOXZrMLa%f engg) bﬁgﬁséer mfehPBS (10x)

1370 nNINaO

(ﬁgo g 2 gl 1) 2HPOA* 12FPO
g/1)/7.652 ot mpéaa * DR Or RoMeadk 1G8y k. TPIMRa/R kYN TRenésse mﬁje@r K

10

15

20

25

30

35

the desired pH (pH 7.4 (Ab) or 8.0 (QD)} with a few
drops of 2 M NaOH.

MES buffer = activation buffer
Make up fresh (organic buffer, cannot be autoclaved)
Formula for 0.8 1 (0.1 M MES, 0.25 M NaCl, pH 6.0):
15.616 g MES
11.688 g NaCl
ad 800 ml ddH,0, adjust pH 6.0
Make up to a maximum of 0.7 1 with ddH,0, then adjust
the pH with 2 M or 5 M NaOH. Subsequently make up to
800 ml with ddH.0.

1 M glycine solution (can be stored for a lengthy
period at 4°C if sterilized by filtration), frees
aliquots

Procedure

Firstly, MES buffer (activation buffer) is prepared in
a glass measuring cylinder. The dialysis chamber (3.5
kDa) 1s hydrated in MES buffer for 1 to 2 minutes
before use. 100 pl of BP619 (20 ug) are made up to a
final wvolume of 400 pl with MES buffer in a sterile
Eppendorf vial and thoroughly mixed with a pipette. The
BP619 are transferred into the dialysis chamber
(3.5 kDa). In the first dialysis, the BP619 are
dialyzed against 800 ml of MES activation buffer at
room temperature with continuous mixing and protecting
from light for one hour. After the first dialysis, the

BP619 are removed from the dialysis chamber and



11.16.2006 26 14 nM KH2PO4 (2 g/1) nmake up to 1000 m, the pH should be
about 7.5, autoclave, storage at RT. 5 For a 1xPBS solution, dilute 100 m
of |Ox buffer with ddHzZO and, before nmaking up conpletely to 1 1, adjust
the desired pH (pH 7.4 (Ab) or 8.0 (Q)) with a few drops of 2 M NaCH 10

MES buffer x&eld vaijom bﬂixﬁém&v&k& Upeddesd (organic buffer4,7 eaMet be
autocl aved) Formula for 0.8 1 (0.1 MMS, 0.25 M Nad , 1(53 15.616 ¢
t

MES 11.688 g Nadl 15 ad 800 ml ddH2O, adjust pH 6.0 Make &é O¥éxi mum of
0.7 1 with ddH2O, then adjust the pH v% +h 2 Mor 5 M NaCH Subsequently
make up to 800 ml wth ddH2O. 20 1 Mglycine solution (can be stored for a

| engthy per f oAl 0 f a u
Procedure %10%1 ?f&a Nii@t'g H" ?)eglﬁ \%Jat f‘}(}%lbuﬁ%r ﬁlf%gjﬁn e%grﬂe
gl ass neasur$fl@{$:ywhbertheﬂﬁa?®ﬁ%ll ystackhaabeicipass Oﬂ(DaI) egchydira@teed | n MES

buffer for 114® fvMeiet s, befer gmus 0,9k 3 (20 RG) 318 yrede up
to a final v(?) une opé400 wth I\/ES§bu a i ncgjir%erl le 30 Epperﬁorf vi al

and t hor oughP§LeF K etSqi- t I@*feteaf pete efiTpe dBIaéY@lér:e 13 anksfefrdd0 mb t he
di al ysis 5Chaéﬁ@ﬂis 63ad KPa)1 bE theo frimistEpd alysi aptefﬁ%e@%ﬂi?t@r endli al yzed

agai nst 800 of MES_activation buffer at roomtenperature with continuous
m xi ng and p@%@%%t i3 35HFER | idht BT ofEREHAEUAR e@TChe 3P0 ™I al ysi s,

the BP619 age-tepmes fresmt heighal ysksrchapbem:andekoni arSzynkant | mann
von Renesse nguE%t{%n, the BP619 are dialyzed against PBS. For
this purpose, the BP619 are transferred intc the
10 dialysis chamber (3.5 kDa) and dialyzed against PBS
with pH 8.0, protecting from light, for one hour. After
the second dialysis, the BPA19 are removed from the
dialysis chamber and transferred into an Eppendorf
vial. The activated BP619 are conjugated with 4.92 ug
15 of EGF-His ({(diluted with PBS to a final wvolume of
20 ul). For this purpose, the activated BP619 are
pipetted into EGF-His and thoroughly mixed with the
pipette. This reaction mixture is then shaken at room
temperature and at 350 rpm, protecting from light, for
20 2 hours. After the conjugation, the conjugation mixture
is stored at 4°C, protecting from light. The following
day, 1 M glycine is pipetted in to a final glycine
concentration of 10 mM in order to saturate any
reactive groups still present.
25
The BP619-EGF-His conjugates are concentrated wusing
Vivaspin centrifuge tubes (50 kbDa MWCO). In this case,
the membrane is prewashed once with 4 ml of ddH20 and
then washed again with 4 ml of PBS. The BP61%-EGF-His
30 conjugates are diluted in 2 ml of PBS and loaded onto
the membrane. The BP619-EGF-His conjugates are then
washed again with 2 ml of PBS. The conjugates are

centrifuged until the desired concentration is reached.

35 ¢) Animal experiment



11.16. 2006 - 27 transferred into an Eppendorf vial. For m xing EDC and
S-NHS wth the BP619, stock solutions of in each case 100 mM EDC and 100 mM
S-NHS are prepared inmediately before use. After the first dialysis, 33 41
of 100 M5 S-NHS and 13 gl of 100 mM EDC are pipetted into the BP619 and

shaken at ro@&lﬁ”@%ﬂérﬁﬂ%r? i B epiotecting fromlight g0k 15
the

m nutes. After ncubation, the BP619 are dialyzed agai nst PBS. For
this purpose, the BP619 are transferred into the 10 di al ydils 16éhafdér (3.5
kDa) and di al yzed against PBS with pH.8, 0, protecting fromlight, for one
hour. After the second dialysis, the 19 are renoved fromthe dialysis
chanber and t[ﬂ]gsferéed into an Eppendorf vial. The activated BP619 are

conj ugat ed wt 1°9% %@e 15 of EG--H s (diluted with PBS to a final volune of

20 |). For thos phipossyrpdee achuraneddBREl9careinpmpetdedd s nod EGe H s and

t horoughly m i t pi t This e I ] re i h haken at
room terrpep%?ggewgtf%?i a]tqqfsoé\?g%%] ?Lpr)ltj-(%&é%tdl n%?éélg{n}%ﬁ%%#yef %ﬁtéo?ﬁ} ours.
After the conjugatiwthaiie tbyjugat ol nibaugfore s ismumeduppréSseshot ecti ng
fromlight. i da ' [ Lpet i Ret i al

gl yci ne h‘})con%[:-lg%t ?gtk#gﬁn gglig m%ﬁjglo%!d%@r?ga sg;rtcﬁkr’t%?eﬁﬁi Bﬁeggtaiu&eﬁgr oups
still present® 25wawles BP619- EGF- Hi s conj ugates are concentrated using

Vi vaspin centrifuge tubes (50 kDa MACO). In this case, the nmenbrane is
prewashed once with 4 ml of ddH20 and_ then washed again with 4 m of PBS.
The BP619- EGRath sm3pse ohf ugaeesharazan| wied Hyrpomidsftepps auderodd®ed onto

the nenbraneyndBec BE619nEGinHcTta@M Ugat essaigitherd wWasheduvagai-nwith 2
of PBS. The conglugat es are centrifuged until the desired concentration is
reachedl? wit 5 pl of a nancparticle solution; the injection in

this case takes place centrally at one site in the

tumor.

¥inetics of the fluorescence of the material in the

15 tumor are recorded from time 0 to 5 and 60 min.

After sacrifice, firstly the tumor with epidermis is
removed and then the organs spleen, liver, kidneys are
removed.
20
The tumor is removed with epidermis-dermis, frozen with
one drop of OCT on aluminum foil (outside pointing
upwards), packed in aluminum foil and shock-frozen in
N;. Then stored at -80°C until transported back on dry
25 ice, further storage at -B8B0°C.

The organs spleen, liver, kidneys are removed from all
the mice, shock-frozen in N; and stored at -80°C until
transported back.

30
11) Photographic documentation

Materials/equipment used

Nikon Coolpix P2 camera
24W cold light source (Eltrotec LB24)
35 Optical filters:
e Shortpass filter 50% cuteff wavelength 550 nm



35. ¢) Ani nmal
11. 16. 2006
HT29 cel

of the

experinment Konig Szynka Tilmann von Renesse 47 687 K

- 28

i) Procedure For this purpose,
| ine were injected subcutaneously into nude

human col on carci noma cells

m ce (w thout

thymus and therefore i munosuppressed) 5 and formed solid tunors after a
growt h tine Rénahodlyexat®i Brieekson BRENegBYSE 15 anestheti zgd gt K

Hypnom date in order to

undertake the injection and is injected

intratunorally 10 with 25 gl of a nanoparticle solution; ltlhd&-@®&ion in

this case takes place centrally at one
fl uorescence of the materi al

and 60 min. After(ﬁgf[%giggr?$£r§§§%p&@§ Ly
Iver, Kkidney

and then the organs sp

N2. Then stored at -80C until trans

een,

ite in the
15 tunor are recorded fromtine 0 to 5

n@gswﬁg@8ﬁpidernis IS

in the

orted back on dr

t unor.

Ki netics of the

r enoved

‘ s are renoved. 20 The tunor is
renoved with eptdéfneenter maion r oLfdA bwirt h SdAen®@r op{¥gllEs ofsiwhi num f oi |
(outside pointingp3Hpuasdsdespgrked in alumnumfoil and shock-frozen in

25 ice, further

storage at -80C THE2R¥gans Spien, LHVEF, K7Tdn&ys a?l]%elb%ve@'efrrl(ﬂﬁ all the

m ce, shock-frozemsraghEopngdsshpred at -80C unti
Phot ogr aphi ¢ docunent ati on

camera 24Wcol d*| 1 §Re" s6ales EE

10

15

0G590)

black clay board as background.

Camera settings

transported back. 30 ii)
Mat eri al s/ equi pnent _used N kon

k
LEest 8¢ OLBYY) Meds egpegaiots iU3ESGLI8/

Cool pi x P2

The photographs to document the flucrescence are taken

with a commercially avallable digital compact camera

(Nikon Coolpix P2). The settings made on the camera are

summarized below.

Setting

Value

White balance (WB)

*Direct sunlight”

{fixed)

Exposure metering

*Spot metering”

Continuous shooting

*Single image”

Best shot selector “Off”
Bracketing “Bracketing”
Flash compensation wor

Contrast “Normal”
Sharpening “Qff”

Color saturation “t/-0"

ISO sensitivity 64

Image quality “fine”

Image size “2592%x1944~
Compression *Medium”
Autofocus *single autofocus”

Fixed aperture

n On "

Noise reduction

“Off”

Exposure compensation

Variable (std. -2)

The respective image settings can be taken from the



Shortpass filter 50% cutoff wavel ength 550 nm Koni g Szynka Ti |l mann von
Renesse 47 687 K 11.16.2006 - 29 (Melles Geriot 03SWP408 or 03SWP608)
"Green" color filter 550 nm (Melles Geriot O03FCX87/0350) "Oange" color
filter 570 nm (Melles Geriot 5 03FCGE089/0370) "Red" color filter 590 nm

(Mel l'es Gerisln Q3RGPAY TORIN RrGkerdaye board as backgrqyndgy X0 Canera
settings The phot ographs to docunent the fluorescence are taken wth a

comercially available digital conpact canera (N kon Coollpi-X6pP2P06The
settings made on the canera are sumarjized bel ow. 15 Setting Value Wite
bal ance (WB) "Direct sunlight” (fixed) Exposure netering "Spot netering”

Cont | nuous shedti 10ro Shlgl & | 1B OEG e Befbashet 18¢] 8ChO i Ohf bnoBrasket | ng

"Bracketing" conpensation " ntrast " Nofna arpening "Of"
Col or sat ur &% RiExViyelp" | SO sensitivity 64 Image quality "fine" |mage size
"2592x1944" Conpression "Medium Autofocus "single autofocus" Fixed

aperture "On" Noise reduction "Of"
Procedure

5 The camera is mounted with the filter holder on a
triped and adjusted with the aid of the 3D head so that
the distance between lens and mouse/surface is about
15-20 cm. The angle should be as steep as possible from
above, as far as permitted by the positioning of the

10 tripod. The photographic filter is mounted so that the

distance from the lens is as small as possible.

The illumination and excitation of the substance takes
place by a «c¢old light source whose spectrum is
15 controlled by a short pass filter (see above). Because
of the heat produced by the light source and to improve
manipulability, a flexible light guide with a lens is
used to focusg the light cone. The filter holder with
the short pass filter is mounted on this light guide.
20 The light guide is then fixed in a laboratory stand so
that the distance to the surface is about 15 cm. The
light cone should moreover be adjusted so that its
diameter is about 8 cm. The angle of illumination from
above should moreover be as steep as possible to reduce
25 shadows.

The mouse and the laboratory stand for the illumination
are positioned on black clay board to improve the
contrast. The mouse is then positiocned in the middle of

30 the light cone. Care should be taken in this connection
that the tumor produces minimal shadow and is well
lighted.

The autofocus display should be noted when the
35 photograph is taken.



Exposure conpensation Variable (std. -2) The respective i nage settings can
be taken fromthe Konig Szynka Til mann von Renesse 47 687 K 11.16.2006 -
30 EXIF information in the image file (e.g. with Photoshop or PixVue).
Procedure 5 The canera is nmounted with the filter holder on a tripod and
adj usted w tisthe @ehief 1hendth head soddd  the distance hetweeny ens and
nouse/ surface is about 15-20 cm The angle should be as steep as possible
from above, as far as pernmtted by the positioning of thdlt@6-&068d. The
photographic filter is nounted so that {;he distance fromthe lens is as
smal | as possible. The illum nation and excitation of the substance takes
place by a c@kg bhobboSoUECesHbORE BRCCALUM 1S A8 cARkLO! Ladhysqshort
pass filter (see above). Because of the heat produced by the I|ight source
and to inprovee manipulhapifet ynodef| ddtPl erelamtveli dbaigehzaoMedld s  used
to focus theckhabh GRRE. Pheodd | harrdildder Wdd tihe shefitcipass fddder is
mounted on this |ight 'guide. 20 The light guide is then fixed in a

| abor atory s¥R®ECEES $REEIIRCRARI®ce to the surface is about 15 cm The

| i ght come should noreover be adjusted so that its dianmeter is about 8 cm
The angle of _illum natign from _above_should npreover be as steep as
possible to ¥%dudgL3259 5@GREPTERe nbusESEnd the IGKHIIRDry %or the
i I'l'um nati onphét&gPoshE ) onedposs bbaeknetRynHoaldet ehipHove thengeant r ast .
The nouse is.theqégﬁsitioned in the mddle of, 30 the |Iight cone. Care should
be taken in this neBtPGhI™EREEt he®TUHDr ProduBBESH niTal SIHEHW and i s
wel | | i ght ecomgdnealaiil Of v carsd df sl Ayt sthe ul atde pod @l srea. t he

10
d) Cell-binding assay

Materials and equipment

Fluorescence microscope: Leica DMIL, Zeiss LSM510META
15 Signal enhancer, ProLong Gold Antifading Reagent

Buffer
D-PBS (pH 7.4) (10x)
1370 mM NaCl (80 g/1)
20 27 mM KC1 (2 g/l)
42 mM Na,HPO, 12H,0 (15.4 g/1)/7.652 g/l NaoHPO, 2H,0
14 mM KH,PO4 (2 g/l)
Adjust pH 7.4 and make up to 1000 ml
autoclave, storage at RT
25
Triton X-100 solution
0.1% (v/v) in D-PBS
Storage at 4°C

30 BSA golution
3% (w/v) in D-PBS
Make up fresh or from -20°C stock

4% PFA soluticn
35 5.71 ml of formaldehyde (35%)
5 ml of 10x D-PBS



35 photograph is taken. Konig Szynka Til mann von Renesse 47 687 K
11.16.2006 - 31 The photographs should be taken in the nornmal case with
t he maxi num wi de angle. Wth relatively |large zoomthe canera nay becone
unfocused and, in addition, the aperture setting changes. 5 If the

phot ogr aphi G414 efz 9 £ hanged bel weeafen phiat ographs, if posgizblegnet hi ng
el se shoul d be changed in the experinental setup in order to ensure
conmparability and facilitate later processing. 10 d) Cel | 18i-Adi-#§Ofssay
Material s and equi pment Fl uorescence mGyoscope: Leica DML, Zeiss
LSMb10META 15 Signal enhancer, ProLong Gold Antifadi ng Reagent Buffer

D-PBS (pH 7.4) ( M (80 g/1) 20 27 MM KCL (2 g/1) 42 nM
Na2HPO4™ 12H20 (1?‘?%71?{%. esgﬂg&/? Na2HPO4* 2H20 14 mM KH2PO4 (2 g/ 1) Adj ust

pH 7.4 and nadked Qpnt ov10D0d0 attedlegiee 2tstddCage at RT 25 Triton X-100
solution 0.1%(v/v) in DPBS Storage at 4C 30 BSA solution 3% (wWv) in
D- PBS Make up fresh or from-20C stock 4% PFA solution 35 5.71 m of
fornaldehydé?(%5¢§ glycine solution

5 0.375 g of glycine
ad 50 ml D-PBS, adjust/check pH 7.4, sterilize by

filtration, storage at 4°C

Mowiol /DABCO
10 Mixing of 2.4 g of Mowiol in 6 g of glycerol (extra
pure} is followed by addition of 6 ml of ddH;O and then
stirring at RT for several h. 12 ml of 0.2 M tris
{pH 8.5) are added thereto, and the mixture i1s heated
at 50°C with stirring for 10 min. After the Mowiol has
15 gdissolved (takes longer than 10 min), the mixture is
centrifuged at 5000 x g for 15 min and finally 20 mg/ml
DABCO are added.
Storage: 1in aliguots at -20°C, can be used for only a

few weeks at 4°C, slowly hardens

20
Antibodies
First antibody: Anti-EGFR mAb (mouse} Dianova Ab-5
1:100
Second antibody: goat anti-mouse with Alexad88
25

Procedure

2 days beforehand, HT29 cells are seeded on circular

coverslips. For the seeding, 5 x 10% cells are

transferred so that, after growth at 37°C for 48 hours,
30 a 50-70% confluent monclayer is present at the start of

the immunostaining.

The BP619-EGF-His conjugates are preincubated in 50 ul
of McCoy medium containing 3% BSA at room temperature

35 for 30 minutes.



5 mM of | Ox D PBS Konig Szynka Til mann von Renesse 47 687 K 11.16.2006 -
32 adjust/check pH 7.4 ad 50 M with ddH20, storage at 4C 0.1 Mgl ycine
solution 5 0.375 g of glycine ad 50 mi D-PBS, adjust/check pH 7.4, sterilize
by filtration, storage at 4C Mowi ol /DABCO 10 Mxing of 2.4 g of Mowiol in

6 g of glycergl:d &dyrika PN@ardS JH Iwed; y addition of 6 gh gh7dgH20 and
then stirring at for several h. 12 m of 0.2 Mtris pH 8.5) are added

thereto, and the mixture is heated at 50C with stirring #ér 1802808 After
the Mowi ol has 15 dissolved (takes Io_n%f%r than 10 min), the mxture is
centrifuged at 5000 x g for 15 min and finally 20 ng/m DABCO are added.

Storage: in i.qu 0 n e a w ks at: 4C,
slow y har de@{sér_gogk%t ?E)Tozdglzesgez%%r stpggﬁlﬁi %(géglf:vh%r}lﬂtc%é-'EGEfﬁg lirrngljsrel)S D anova
Ab-5 1: 100 Sgeigritt etht PBEdpndgodie aneilliose washafledd48Beashs pPrgeedure 2
days beforehand, g9 cells are seeded on circular coverslips. For the
seeding, 5 x 104 cells are transferred so that, after growh at 37C for 48
hours, 30 a 50-70% confl uent nonol ayer is present at the start of the

i””UHOStB!niﬁ@- Tﬂﬁ BgﬁlﬁiEGFoﬁiS €100 UG8 AR diei nepabedcknpa@ gl of
McCoy medi um cont ai ni ng 3% BSA at room t enper at ur.e
conjugates are plpetted onto the washed cells and then
incubated in an incubator at 37°C/7.5% C0, for one

hour.

10 After the cells have been stained with the BP619-EGF-
His conjugates, the cells are washed once with PBS and
then fixed with 300 ul of 4% PFA solution at room
temperature for 15 to 20 minutes. After the fixation,
the cells are washed once with D-PBS and guenched with

15 0.1 M glycine at room temperature for 5 minutes. After
the quenching, the cells are washed once with D-PBS and
then permeabilized with 0.1% Triton X-100-PBS at room
temperature for 10 minutes. The cells are blocked by
subsequently incubating the cells with 3% BSA at room

20 temperature for 30 minutes.

After blocking of the stained cells, the cells can be
counterstained or the BP619-EGF-His conjugate staining
can be analyzed directly under a microscope.
25 Counterstaining is necessary to analyze the

colocalization.

The counterstaining is done with the first antibody,
anti-EGFR, a monoclonal antibody from Dianova. The
30 anti-EGFR antibody is diluted 1:100 in 30 ul of 1% RBRSA-
PBS and then pipetted onto the cells. Anti-EGFR
incubates on the cells at room temperature for 60
minutes. After the incubation, the cells are washed
with D-PBS for 3 x 5 minutes. The second antibody with
35 fluorochrome for the counterstaining is goat anti-mouse

with Alexa488. For this purpose, the second antibody is



35 for 30 mnutes. Konig Szynka Til mann von Renesse 47 687 K 11.16.2006 -
33 Wien the HT29 cells reach confluence, the mediumis aspirated off and
the cells are washed at |least once with DDPBS. 5 30 to 50 gl of the

prei ncubat ed BP619-EG--Hi s conjugates are pipetted onto the washed cells
and then i ncibat eghJdkanrid neibatdn alerndydde’. 5% CO2 for ones7heggr;. k10 After
the cells have been stained wth the BP619- EG-- Hi s conjugates, the cells
are washed once with PBS and then fixed with 300 | of 4% PFA®s@8086i on at
room tenperature for 15 to 20 minutesysAfter the fixation, the cells are
washed once with D-PBS and quenched with 15 0.1 M glycine at room
tenperature § di e AT6r,1 0L guenell agq thepcelibe fpa washed once
with D PBS an t per nea |zed with 0.1% Triton room
tenperature ¥ke qellrﬁ nu?lee gcm*‘e eettsmetaeeb%eteeél%yseeeaeeqaéﬁwy

i ncubating the ¢ghliBavklih 3% 88A k1180t 20ob8MRRERdIL HQ B0y Mgut es.
After bl ocking of the stained cells, the cells_can be. counterstained or the

BP619- EGF- HB e uigafd t6Fai hifig incybajd ofhal {P6d @R+ L8t IAF UnHEEhed

M croscope. 25 KCOMHBES SEdk N3 NG § SmNEESSAr Yhé Ocanakyzeet Bobeggkacahi zati on.
The counterstaining is _done wt the f| t antibod anti-EGFR, a
nmonocl onal  dM¥ RS Y farft i th(ﬁf%/?%ﬁﬁ‘?body is diluted

1: 100 in 30 gl of 1% BSA PBS and then pi petted onto the cells. Anti-EGFR
i ncubates on_ ceII r Qo eJatar%e.ratur for m nutes. After the

i ncubat i on, $he"xHIxE a’r°é1vﬁ§ ’ﬁ?lﬁ s%""sc‘%“-"m nutes. The second

anti body with 35 fluorochronme for the count erst aining is goat anti-nouse
10 The tumors are stored at -80°C and transported in a
Styropor box with cooling units (cooled to -80°C) for
sectioning. The sectioning takes place with a cry-

microtome. The resulting sections are 10 pum thick.

15 Materials and equipment

Flucorescence microscope: Leica DMIL, Zeiss LSM510META,
troughs for washing, humidity chamber, grease pen for
marking the tissue region, 4% strength paraformaldehyde
solution (see cell-binding assay), PBS (see cell-
20 Dbinding assay), 3% strength BSA soclution (see cell-
binding assay), Triton X-100 sclution {(see cell-binding

assay), 0.1 M glycine solution (see cell-binding assay)

Appropriate primary and secondary antibodies, where

25 appropriate further reagents for counterstaining

Procedure

The cryo sections are thawed at RT and dried (about 10-

20 min). After the tissue region has been marked with a
30 grease pen, the tissue 1s fixed with 4% strength

paraformaldehyde solution in a humidity chamber for

20 min. After washing with D-PBS subsequently quenching

with 0.1 M glycine sclution for 5 min.

35 Washing in PBS and permeabilization with 0.1% Triton
X-100 are followed by Dblocking with 3% strength BSA



wi th Al exa488. For this purpose, the second antibody is Konig Szynka Til mann
von Renesse 47 687 K 11.16.2006 - 34 diluted 1:200 in 30 gl of 1% BSA and
then pipetted onto the cells. The goat anti-nouse Al exa488 second anti body
is incubated on the cells at roomtenperature for 60 mnutes. After the

i ncubation, gdie fedd st ervashad MiEdhd2BS for 3 x 5 m nuyeggrThe cells
are enbedded in Mw ol / DABCO and anal yzed under a m croscope. e

Preparation and staining of cryo sections 10 The tunors afté-3feré@bat -80C
and transported in a Styropor box w_thccooling units (cooled to -80C) for
sectioning. The sectioning takes place with a cry- mcrotone. The resulting

sections areJQ,gmd kT 15, Miterials and equi pnent Fl uorescence
m croscope: Leica DML, Zeiss LSMb10META, troughs for washing, humdity

chanber, grease pen for nmarking the tissue region, 4% strength

par af or mal deftyde gngelutbiranatgge celtedt ndikg assay . PBS (&fey celbr20
bi ndi ng assa%?)]t,e( 3% st renlgt h BSA sol ution (see_cell- binding assay), Triton

X-100 sol ut i SHNL eFFERI At e aBsaFya Fervagey ci el $ oFARI R See
cel | -bi ndi ngi @sgayhtedpar-ao ate pri /B sgeandaky s8¢t ok earewhere 25
appropriate further (%e% ents.fgr counterstaining Procedure. The ¢ryo

t

sections ar e THIREF TSH&CHr i By GabddidptY 26 FT AfterRh néCf ssue
regi on has beean meakletha #hth BOrgreaskepemlaicdke il ssuerosghi 2ed witt h 4%

strength parafor dehyde. solutioon i.n a humdit hanber for 20 min. After
washi ng wi tﬁleﬁ%?és %ﬂ?l%d{?ﬁ& i Y lii’}d’%?% Gt ycine solution for 5
mn. 35 Washing in PBS and perneabilization with 0.1% Triton X-100 are

folL owed oby Lok Mthdlhd N1 3% Shp2H9LE B KRNLY SRY0KR: L] My VeRRenesse
sections {(unstained and stained) are analyzed under a

microscope.

f)} Microscopic analysis
15 The microscopic analysis of the specimens takes place
with a Zeiss LSM510. The following filters are employed

for this purpose:

for NP fluocrescence analysis:
20 FSet 15= FilterSet 15 488015-0000
Excitation: BP546
Beamsplitter: FT580
Emission: LP 590

25 for Alexad88 fluorescence analysis:
FSet 46= FilterSet 46 1196-681
Excitation: BP500/20
Beamsplitter: FT515
Emission: BP535/30
30 .
A confocal laser analysis was also carried out with
some of the specimens (see instructions for operating

the microscope).

35 2. Exemplary embodiments



11.16.2006 - 35 solution at RT for 1 h. An anti-EG-R-A488 direct conjugate
Is used for detecting EGFR in the plasna nenbrane. This conjugate 5 is
diluted 1:100 in 1% BSA/ PBS, and the sections are incubated therewith in a
hum dity chanber at RT for 1 h. Washing with D-PBS takes place .in a trough
for at |eastsddyngn M4 hraind@asfordNedudder change. 10 MowholgsBARCO i s
enpl oyed for the enbedding, and the sections (unstained and stai ned) are
anal yzed under a microscope. f) Mcroscopic analysis 15 ¥hel#i-@08%copi c
anal ysis of the specinmens takes place Jdth a Zeiss LSMb10. The follow ng
filters are enployed for this purpose: for NP fluorescence analysis: 20

FSet 15= Fi Iﬁ}gérgi{a’é? 48801.5: 0000, . Excitation: BP546 Beansplitter: FT580
Em ssion: L z , uorescence anal ysis: FSet 46= FilterSet
46 1196- 681 IEExcVAEPI oPXINOETTY ReAREHALL t @periment Frykkh onHTEE535/ 30

30 A confocaleh@gesranakymbsshasirgl spugarrirfdeoutyhh 15008 tahoiia
speci nens (see._instructions for operating,. the mcroscope). 35 2. Exenplary
enbodi nent s KerggE 9y ned TREHRRAVLORLRBABLRRIY 7 FaPlexSs  pEcosddnd 36

Exenpl ary enpodi@nindéntion

A sgpecific tumor targeting of antibedy conjugates

according to the invention was shown 1in an in vivo
experiment on mice with =xenograft tumors. For this
purpose, human colon carcinoma cells of the HT29 cell
10 1line were injected subcutaneously into nude mice
{(without thymus and therefore immunosuppressed)} and

formed solid tumors after a growth period of 3 weeks.

For a selective tumor marking, an antibody complex
15 according to the invention was prepared, or a
neutravidin conjugate according to the invention with a
biotinvlated monoclonal antibody 1linked thereto. This
monoclonal antibody is directed against the membrane-
associated tumor-associated glucose transporter 1
20 antigen {(GLUT1) which 1is expressed on many types of

human colorectal carcinomas.

After intratumoral injection of the complexes, the
tumors were immediately identifiable wvisually by red
25 fluorescence with UV excitation. After up to 48 h after
injection it was possible to detect the complexes of
the invention in the prepared cryo sections of the

tumors.

30 Fig. 1: Red signal (conjugate of neutravidin and
biotinylated antibody against GLUT1 membrane protein).
Specific binding to HT-29 cells but not to murine cells
is evident (homogeneous marking of the complete tumor
not yet achieved).

35

Fig. 2: Red signal (conjugate of neutravidin and



In vivo experinment: Aninmal experinment with HT29 xenograft tunors in nude
mce wth intratunoral injection of neutravidin-antibody conpl exes
according 5 to the invention A specific tunor targeting of antibody
conjugates according to the invention was shown in an in vivo experinent
on mce wtmd&f%ggﬁ{ﬁké UDIfaniOfort iéne gl pose, human col gf ggrciknona
cells of the HT2 10 line were injected subcutaneously into nude m ce
(Wit hout thymus and therefore inmmunosuppressed) and fornéd-36l-28%Gunor s
after a growth period of 3 weeks. For & selective tunor nmarking, an

anti body conpl ex 15 according to the invention was prepared, or a
neutravidin 199@&&3@1&@&0959&39@% afg'a‘irﬂs'&VQé‘LU n Mé&ﬁrénebbgto‘t@ih ted
nonocl onal antib | i nked there nonocl onal anti b iTected
agai nst the W%ﬁé biadseyated Hfl‘ur%@r O@s@@cuﬂeﬂ eyl déssett W&ﬁéﬁérttver 1 20

antigen (GLUWA) wWhiEdtirio@xpr e el OB dY PeS Ohwuiwean eaher egtal
carci nomas. After intratunoral injection of the conplexes, the tunors were

i medi at el y $UeHRTE i abf@m9SRePVy BSrEEa0 95 EhfofedpeREe GHRTUROL
excitatign. At edcipedei@8 h after injection it was possible to detect the
conpl exes of the invention in the prepared cryo sections of the tunors. 30
Fig. 1. Red signal (conjugate of neutravidin and biotinylated antibody
agai nst ClLﬂExéﬁ@ﬁnyﬁhmbdﬂfméﬁt 2Specific binding to HT-29 ceIIs but not to
nmuri ne ceIIs |s evi dent ho ous k|n of %{ é Ietﬁ 2 not yet
achi eved). 35 Fi Q™8T Resi § ?%bnfggh rabF gPH*8hE K8ty Szynka
Ti | mann von ﬁnmessﬁaﬂ7a686rﬂingltb6ﬁﬂﬁﬂhnveﬁﬁion) with Crystalplex

10 alloy nanoparticles 630 ({NC 630) by spectral analysis.

The NC630 nanoparticles are nanoparticles having a

CdSySe1-x/Zn5 core and functionalized with COOH groups.

The following values are evident from fig. 3:

15 BP618 concentration 1.67 upug/ml
NCé630 concentration 6.70 ug/ml
BP618 excitation 360 nm 55 000 cps
NC630 excitation 360 nm 22 000 cps

20
BP618 excitation 488.nm 25 000 cps
NC630 excitation 488 nm 10 000 cps

When the higher concentration, by a factor of 4, of the
25 NC630 nanoparticles is taken into account, the emission
intensity of the BP618 material of the invention is a

factor of 10 higher.

This difference in intensity is wvery essential for the
30 use according to the invention of the contrast agent
for direct visualization, e.g. on medical application
in surgery. Whereas with the material of the invention
it is possible for the treating clinician to observe
the fluorescence directly and merely with the aid of
35 fluorescence filters, the NC630 nanoparticles would

need additional electronic amplification to be made



biotinyl ated anti body agai nst GLUT1 nenbrane protein). Specific binding to
HT-29 cells in the direct vicinity of intratunoral ducts but not to nurine
cells is evident. (Honmogeneous marking of the conplete tunor not 5 yet
achi eved). Exenplary enbodinment 2: i) Conparison of the intensity of

Bi opi xel s 61&nidredBfriiad BCORLEH Rgort Rddesddvention) with Cayskalplkex 10
all oy nanoparticles 630 (NC 630) by spectral analysis. The NC630
nanoparticles are nanoparticles having a CdSxSei x/Zn5 coré-&fd2006
functionalized with COOH groups. The fig l.owing values are evident fromfig.
3: 15 BP618 concentration 1.67 g/m NC630 concentration 6.70 4g/m  BP618
excitation 360y &S5 000 cps NC630 excitation 360 nm 22 000 cps 20 BP618
excitation 488 nm 25 000 cps NC630 excitation 488 nm 10 000 cps Wen the
hi gher concentration, by a factor of 4, of the 25 NC630 nanoparticles is

taken into accpunthatde-&m SstDn | ofenshéy BiobheeBF6181pat Bi/i alyeaf the
invention is factor of 10 higher. This difference in intensity is very
essenti al f(ﬁthﬁﬁt%ﬁﬁuse according to the invention of the contrast agent
for diregt wisgaldzeévedls etlgat obhaedicalioappbilaati 68 lisn2swngemhisher eas
with the materjal of H%ﬁ%inveniion ssible f treating

sla
clinician to DPERISEFTIHETTY J&thét%caen%%(’%‘% gcgﬁfﬁ}e%% ‘?Of{argfﬁ Mith the aid of

35 fluorescence filters, the NC630 nanoparticles would need additional
electronic anpl)fioationcto be mRe U S2yRka THLTBOP; yenoBegrgse 47 687
coupled BioPixels 619 NC630 nanoparticles
10
Conjugation of BP619 with EGF-His was carried out by
the method described under 1b). In this case, 1.4 uM
protein were employed, and 40 ug of nanoparticles (=
duplicate) were conjugated. After purification/concen-
15 tration with Vivaspin centrifuge wunits, a total of
about 14.3 ug of nanoparticles were injected into the

tumor.

Photographic documentation took place as described
20 under 1lc). The tumors into which the NC630 material was
injected showed no fluorescence (fig. 5a, see marking),
whereas on use of EGF-coupled BioPixels 619 of the
invention a fluorescence is distinctly evident (fig.

5b, see marking).

25
iv}) Microscopy of the tissue marking in the tumor with
EGF-coupled BioPixels 619 of the invention
The removed tumors were sectiocned using a cryotome
30 (section thickness 10 um) and treated for microscopic

analysis as described akove (le). The analysis took
place with a Zeiss microscope {LSM510) using the FSetl5
for detecting the BioPixel fluorescence (see 1f). The
marking of the tumor (see fig. 6; white areas on a dark
35 background} is not homogeneous; some areas are marked

less strongly (see fig. 6a), where others show stronger



ii) Characterization of the BioPixels 619 by gel filtration 5 Fig. 4
reveal s that the elution volune is 16.2 ml. This value correlates with a
St okes dianmeter of 10.8 rim iii) Conparison of nouse tunor after injection
of EG~- coupl ed Bi oPi xel s 619 NC630 nanoparticles 10 Conjugati on of BP619
with EGH H sxaweisy aadviriied @uimdin die Reeidigk descri bed under 4bps7l m this
case, 1.4 M protein were enployed, and 40 gg of nanoparticles %z
duplicate) were conjugated. After purification/concen 15 thatPor it h
Vivaspin centrifuge units, a total of. aabaut 14.3 gg of nanoparticles were
injected into the tunor. Photographic docunentation took place as described
20 under | C)marfifiend unBYs i 0 aMyi ch the NC630 material was injected showed
no fluorescence (fig. 5a, see mar Ki ng), whereas on use of EG--coupled

Bi oPi xel s 619 of the invention a fluorescence is distinctly evident (fig.

5b, see rrarl«i)ng)xeraﬂalr@ dilesdisey df the tissue marking in the tunor wth
EGF- coupl ed Pi xel s 619 of the .invention The re d_tunprs re _sectioned
using a crydt %ﬁﬁl nBOF s EHPEN c[%]cam‘@stéh 6CH) S rfercgal?%ﬁpzf’é?lﬁi éﬁ‘gscopi c
anal ysi ssas di@smhebeciram:tao(ri ejwithhe ianalaysild Wleek uptake wWotth ahdei ss

m croscope LSI\/ISlOFT)Jf using the FSetlS - for detecting the Bi oPi xel

quorescencéD E* The marking of the tunor (see fig. 6; white areas on
a dark 35 background) i s not honbgeneous; sone areas are marked |ess

Séte;,ggggy 4(75‘;3317 t}ﬁlsl @%%e?o% EeP1 Qgiédfﬁgg"‘é%%g”&&% 58956g§§288%aw1't‘h”a”” von
HT29 tumor cells by the method described (1d). Fig.

10 shows the BP619 fluorescence. In this case, some of the
signals whose fluorescence 1is caused exclusively by
BP619 have been marked by circles. The fluorescence of
the antibody 2488 was detected in fig. 7b. The first
antikbody employed here was an EGFR antibody and the

15 second antibody was gcat anti-mouse A488 (see 1d). Once
again, some of the signals whose fluorescence 1is
attributable exclusively to 2A488 have been circled.
Finally, fig. 7c shows the picture copied together from
7a and 7b. Many of the signals reveal a colocalization,

20 i.e. they are to be found both on fig. 7a and fig. 7b.



c). Exenpl ary enbodi nent 3 Marking of tunor cells with EGF coupl ed Bi oPi xel s
619 5 of the invention with intracellular uptake of the biopixels. In this
case, a cell-binding assay was carried out with HT29 tunor cells by the

met hod described (1d) . Fig. 7a 10 shows the BP619 fluorescence. In this
case, sone afsdie shehal sravhese ddormseence is caused excl usi vghhyxby BP619
have been marked by circles. The fluorescence of the anti bod% A488 was
detected in fig. 7b. The first antibody enpl oyed here was ladoE@ERSant i body
and the 15 second antibody was goat antjy nouse A488 (see 1d). Once again,
sone of the signals whose fluorescence is attributable exclusively to A488
have been cigclggy Finally, fig. 7c shows the picture copied together from
7a and 7b. NMany ©f the signals reveal a colocalization, 20 i.e. they are to
be found both on fig. 7a and fig. 7b. Konig Szynka Til mann von Renesse 47

687 K 11.16. 20f#c uséd0 o0 ﬂilﬁ@reéceﬂﬂenlé&%pﬁﬁftflbll@ﬁses@cﬁﬁﬁ:i@ﬂ‘?@a@n! cles
corrpr| Si ng an i nor gam C COore, ass|ivat|n I’I sing an 5 i m dazol e

conponent, amtPsSHELIT i ¢ Cf]f%'and% FFRYVALLN drg%ijﬁﬁm ECHPANELBF of "t he

i norgani € coimeiddidid he:onﬂﬁﬁﬁsln/ta,tl rghd ayglecdff irot 1Ageedshahal3nam a

preferably nmor.e t an rticul arl eferably of. n nor e

than 5 rim %}%:}r B g ﬁm{a e% Bh‘Fra]srf ﬁ%arg]g% 8ha"}”a%1?e%ﬁjfed in

t hat the narpnm:tvaﬂ:es_q shooyeano £ emd s smone otharsist han @@@famabagrd otEhe

contrast agent. ui t.abl e .for | ocal | i ion_in use as
Eﬁ' oy ?arﬁgg arnysé?refe¥g§?¥un$§

clainmed in crf al mmfr charact eri Zed b on~ Spec rom600 to
650 nm prefreyizbl eHaront 620 t foB50pnepaBindheansaras vilvai mednitmraeitt her of

the preﬁgmlgbent’ characterized in that the nanoparticles show an
emission of less than 700 nm, and the contrast agent is

suitable for local application in humans.

2. The use as claimed in claim 1, characterized by an
15 emission spectrum from 600 to 650 nm, preferably from
620 to 650 nm.

3. The use as claimed in either of the preceding
claims, characterized in that the nanoparticles are
20 administered or injected systemically, locally or

topically.

4. The use as c¢laimed in any of the preceding claims as
contrast agent, in particular for tissue marking in
25 surgical, endoscopic or minimally invasive

interventions.

5. The use ag claimed in any of the preceding claims,
characterized in that the nanoparticles additionally

30 include at least one modifier.

6. The use as claimed in any of the preceding claims,
characterized in that <the incrganic core a cluster
essentially comprising noble metal atoms, preferably a

35 cluster having 2 to 27 atoms.



clainms, characterized in that the nanoparticles are 20 adm nistered or
injected systemcally, locally or topically. 4. The use as clained in any
of the preceding clains as contrast agent, in particular for tissue narking
in 25 surgical, endoscopic or mnimally invasive interventions. 5. The use

as clai med igprany ofvdihe mnecedi Re:ClrddBsse characteri zed i g7t Baty khe
nanoparticles additionally 30 include at |east one nodifier. 6. The use as

claimed in any of the preceding clains, characterized inlthaf-28E6 norganic
core a cluster essentially conprisingohle netal atons, preferably a 35
cluster having 2 to 27 atonms. Konig Szyn a Tilmann von Renesse 47 687 K

L1 16,2006 7 4dne TasdNEsUSAcAthell AdlBlnt NodNp:Ale RSP dingiH At Mol (0 S,
characteri zed in that the inorganic core conprises an alloy/sem conductor

core, where ThecBa¥achasiacdhskogeifoushEoESIATGE a?fRl ¢ s CERREAGEST i zed by

a band 5 gapener e WYt dehdiRitdrd Nedrd N k@ledld ORHEeD theeahalk katio of
the two sem.conductors. 8. The, use as clal med in any,of _clains .1 to 5,

char act eri zPTIPFHALS HEPTRRST ekt %‘B?el%o%‘ﬂé%’éeéhze‘io 4l PoYa8f-a first

fs_em condsgct cga;gr@h@ﬁgﬁ vﬂemmdwemlgonﬂlu@&@rmmbﬁwtwﬁ @@nf@ﬁet fﬁ@tlla(in of the
irst sem conduct i.ncreases qra omthe center o the core to its
sur f ace, anoratr%rf'eO &J'{]cté'fﬁ &9 oif rﬁﬁl nd semi conduct or decr eases
gradually fromthe 15 center of the core to its surface. 9. The use as
clained in eé r of clains 7 .and % .characteri.zed.,in tha a%@l e%st one of

t
the seniconduct®is 4 a &t ol 1% 0&151 VEReniCEonddétdl o a>droup

[11-group V <dwmaoreiuctast . in that the inorganic core comprises an
10 alley of a first semiconductor and of a second
semiconductor, where the concentration of the first
semiconductor increases gradually from the center of

the core to its surface, and the concentration of the

second semiconductor decreases gradually from the

15 center of the core to its surface.

9. The use as claimed in either of claims 7 and 8,
characterized in that at least one of the
semiconductors is a group II-group VI semiconductor or

20 a group III-group V semiconductor.

10. The use as claimed in any of claims 7 to 9,
characterized in that the core comprises an alloy
selected from the group of the following alloys:

25 CdSeTe, CdSSe, CdSTe, ZnSeTe, ZnCdTe, CdHgS, CdHgTe,
InGalAs, GalAlds, InGaN, InGaP, CdSe or CdTe.

11. The use as claimed in any of the preceding claims,
characterized in that the passivating layer comprises
30 at least one compound able to coordinate with a metal
atom or metal ion and having a Lewis base function or a

heteroaromatic system.

12. The use as claimed in c¢laim 11, characterized in
35 that the imidazole component comprises one or more

compounds selected from the following group: histidine,



10. The use as clainmed in any of clains 7 to 9, characterized in that the
core conprises an alloy selected fromthe group of the follow ng alloys: 25
CdSeTe, CdSSe, CdSTe, ZnSeTe, ZnCdTe, CdHgS, CdHgTe, |[nGaAs, GaAl As, | nG&N,
InGaP, CdSe or CdTe. 11. The use as claimed in any of the preceding clains,

charact eri zeghsd ity tdnider Pagsiy aldikdraye conprises 30 al7l gggt xone
conpound able to coordinate with a netal atomor netal ion and having a

Lew s base function or a heteroaromatic system 12. The ddelas280& ned in
claim1l, characterized in 35 that theg. m dazole conponent conprises one or
nore conpounds selected fromthe follomnng group: histidine, Konig Szynka

Ti | menn von Jenessmd’ S8dcKindl 1812006 Aondalinsi s, anssthagy bal eine,

honocar nosi ne,” hi st dyl - phenyl al ani ne,_ ¢ycl o- hi stidyl phenyl al ani ne,
5-ami no- 4- IRHYURAR BT afvae o RSl lickesiviel spimer c apr emingi-dazol e,

Boc- hi sti di nigni dysilflad deofirsitddol , mikt |e|ih|c~°itn|ed| ne, 23meRtRYkhi-sti di ne,
i m dazol ysi ne,, . i m_dazol e- contalnln orni t hi ne . 5-net hyl - i m_dazol e),

i ni dazol e- coMiAAFHS al ani FRE R HE1¢H% a) - (bygﬁﬁﬁégﬁtyl) EG&F&H&ﬂalanlne)

ggr zi ni ne, (]tlﬁﬁ@iﬂﬂﬂlllsﬁftﬁhlé)f \é\nlfr{étmﬂl@tltlwrlﬁebe Sgﬁiﬁh&d& giby, r$ﬁctl ve
groups or Xa e am no thio caJ hoxX or car poxa . e use
as clalned|ﬁ$%§% e-GortatiHid 1 or® ﬁ%?th%%%racté?rged |EEFW§FhV

paSS|vat|ngﬂm@ﬁﬂzdIHle$ﬁ$dazolé ebﬂﬁslnﬂk@raﬂ&h&ﬁkpssél@klmgethe—lnidazole
conponent The use clal characterized in, that the
crossllnklng%%o 3ﬁ§n§‘&§g§1 pho§8ﬁ?ﬁ§l§ﬁﬁloﬁl§ﬁ ARG bhosphi ne
deri vati ve. ﬁ}:HLSofThélluSﬁe eesy chai rted:n nban)sudnfstaltantrml By orddctive

10 groups (for example amino, thicl, carboxyl or

carboxamide} .

13. The use as claimed in either of claims 11 or 12,
characterized in that the passivating layer comprises a

15 crosgslinker for crosslinking the imidazole component.

14, The use as claimed in claim 13, characterized in
that the crosslinking compenent comprises an
alkylphosphine and/cr an alkylphosphine derivative.
20
15. The use as claimed in any of claims 5 to 14,
characterized in that the modifiers are selected from
the group of the following compounds: polyethylene
glycol, monosaccharides, disaccharides, trisaccharides,
25 low molecular weight polysaccharides, hydrophilic
vitamins, lipophilic vitamins, fatty aclids,
polyalcohols, Teflon, amino acids, nonspecific peptides
or proteins, phosphorylcholine, polylactate and
derivatives of said compounds.
30
16. Nanoparticles comprising an inorganic core, a
passivating layer and specific ligands having a
hydrodynamic diameter of the inorganic core with the
passivating layer of not more than 15 nm, preferably of
35 not more than 10 nm, particularly preferably of not

more than 5 nm, characterized in that they show an



characterized in that the nodifiers are selected from the group of the
foll ow ng conpounds: pol yet hyl ene glycol, nonosaccharides, disaccharides,
trisaccharides, 25 | ow nol ecul ar wei ght pol ysacchari des, hydrophilic
vitamns, lipophilic vitamns, fatty acids, polyalcohols, Teflon, am no

aci ds, nonspegifd GReRtd deS min PF& eidisesdhosphoryl chol i neg7pelyl act ate and
derivatives of said conpounds. 30 16. Nanoparticles conprisi 3% an i norganic
c]

core, a passivating |ayer and specific |igands having a 1lBydPoedP®&ni c
di aneter of the inorganic core with theg, passivating |ayer of not nore than
15 nm preferably of 35 not nore than 103 nm particularly preferably of not

nore than 5 Hm s ast eEi-38d sl tt*&)at’?dd‘%,s%é’\éﬁék I O SE¥ Nk g Tilgrann von
Renesse 47 687 K 11.16.2006 - 43 emssion of from600 to 700 nm

preferably f&m™®20 to 650 nm 17. Nanoparticles as clained in claim16, 5
characterized in that they additionally include at |east one nodifier. 18.

Nanoparticles as clained in either of clains 16 to, 17, characterized in
that the inorganiNeRRRF e ses @510 aCePt®Per eskenti A48 tonprifsi ng nobl e

met al at gns,chyei@iablded cldist@fat tdhed t @ddhcipmefiarablinciie @ t ke group
of gold, silver and copper.. 19. Nanoparticles as clained in either of clains
16 or 15 17-°3HareRs é‘%) $Tr that the inorganic core conprises an

al | oy/ sem conduct or core, where the core has a honpbgeneous conposition and

is character,] edl\g a _band-, gap_ ener gy v@ichis non-linear.in lation to
the nolar ratio %/n?%ér l\/c\bl%erﬁsco%%%%l?% st ogtther of"¢faimd 18 To
17, characterized in that the inorganic core comprises
10 a cluster essentially comprising noble metal atoms,
preferably a cluster with 2 to 27, preferably from the

group of gold, silver and copper.

19. Nanoparticles as claimed in either of claims 16 or

15 17, characterized in that the inorganic core comprises
an alloy/semiconductor core, where the core has a
homogeneous composition and is characterized by a band-
gap energy which is non-linear in relation to the molar
ratio of the two semiconductors.

20
20. Nanoparticles as claimed in either of claims 16 or
17, characterized in that the inorganic core comprises
an alloy of a first semiconductor and of a second
semiconductor, where the concentration of the first

25 semiconductor increases gradually from the center of
the core to its surface, and the concentration of the
second semiconductor decreases gradually from the

center of the core to its surface.

30 21. Nanoparticles as claimed in either of claims 19 or
20, characterized in that at 1least one of the
semiconductors is a group II-group VI semiconductor or

a group III-group V semiconductor.

35 22. Nanoparticles as claimed in claim 21,

characterized in that the core comprises an alloy



20. Nanoparticles as clained in either of clains 16 or 17, characterized in
that the inorganic core conprises an alloy of a first sem conductor and of
a second sem conductor, where the concentration of the first 25

sem conductor increases gradually fromthe center of the core to its

sur face, an&aﬂﬁg;wgmrqaﬂjmrpfvdrhaqemd sem conduct or 4degrgases
gradually fromthe <center of the core to its surface. 30 21. Nanopartlcles
as claimed in either of clains 19 or 20, characterized i#atR&t 2809 east one
of the sem conductors is a group |I-gryQup VI sem conductor or a group
I'1'l-group V sem conductor. 35 22. Nanoparticles as claimed in claim 21,

characteri zegsjdb-ddit £:6n COFige COHPEMS €SN @héoyf!§@mb91§§ynﬁm$klsrmnn von
Renesse 47 687 K 11.16.2006_ _- 44 selected fromthe group o e foll ow ng

al loys: Cd$eReTed SEESSEY STedS TRIse FRS eZfad TN CEdRg S C TeCdHgAGaAs,
GaAl As, | nGathcd AARaddGe, arbad Terncu23.cdianepal tdetes as clained in any

of clains 16 to 22, characterized in that the passivating |ayer conprises
at | east one conpound able to coordinate with a netal atomor netal ion and
havi ng asLev@®, bagthogddutciid Ik O&sa diefied<anr Onatans Sdﬁt%malﬁllISEfBEE akby an 10
i mdazole c onen 24, Nanopart, cl es _as cl |rred inclaim

characteri zetfin FRAFECRET T Afdazdfe cbipbne r%‘??%’e\éatjd?% ofLaFFS"rre
conmpounds sedcenpzeﬂsés osm t e 4 0| drosv gmAGugd oaﬂple htst tdbrdinaaenasiche,

anseri ne, baI eln_%% I%ar nIQSI n%alhl t| dylrg#eﬂgl al ani ne,. (%\ycl otgjl %’[I dyl -
phenyl al ani ne am no i mdaz6l ecar oxar Ki & dyI I"euci™ne,
2- mer capt oi Miwazwla Boc- ki sthiedier@ardmadriazi dystheist i mbierabéwhylam sti di ne,

3- et hyk 420 ir}ﬁj?&elzcgl@’ccirﬁﬂ&?éﬂl ysine, imdazol e-containing

24. Nanoparticles as claimed in claim 23,
characterized in that the imidazole component comprises
one or more compounds selected from the following
15 group: histidine, carnosine, anserine, baleine,
homocarnosine, histidylphenylalanine, cyclcohistidyl-
phenylalanine, 5-amino-4-imidazolecarboxamide,
histidylleucine, 2-mercaptoimidazole, Boc-~histidine,
hydrazide, histinol, l-methylhistidine, 3-methyl-
20 histidine, imidazolysine, imidazole-containing
ornithine (e.qg. S5-methylimidazole}, imidazole~
containing alanine (e.g. (beta)-(2-imidazolyl) -
L{alpha)alanine), carzinine, histamine, each of which
may 1in turn be substituted by reactive groups (for

25 example amino, thiol, carboxyl or carboxamide) .

25. DNanoparticles as claimed in claim 25,
characterized 1in that the <crosslinking component
comprises an alkylphosphine and/or an alkylphosphine

30 derivative.

26. Nanoparticles as claimed in any of claims 17 to
25, characterized in that the modifier is selected from
the following group comprising: polyethylene glycol,
35 monosaccharides, disaccharides, trisaccharides, low

molecular weight polysaccharides, hydrophilic vitamins,



ornithine (e.g. 5-nethylimdazole), imdazole- containing alanine (e.g
(beta)-(2-imdazolyl)- L(al pha)alanine), carzinine, histam ne, each of which
may in turn be substituted by reactive groups (for 25 exanple am no, thiol,
car boxyl or carboxam de). 25. Nanoparticles as clained in claim 25,
charact eri zeghsi 1y tdhamiher Crsst ivid ngefononent  conpri ses 8ngg7 x
al kyl phosphi ne and/or an al kyl phosphine 30 derivative. 26. Nanoparticles as
clained in any of claims 17 to 25, characterized in that 1&hé 8806 er is
sel ected from the follow ng group conprd sing: polyethylene glycol, 35
nmonosacchari des, disaccharides, trisaccharides, |low nolecular weight
pol ysacchari lﬂMﬁr ta n nesse 47
687 K 11.16. 2006 COD‘H%?IE%% ||?%9€| t%‘%@%g S? ?glgg#g{gg p?%?&lgglohol s,
Teflon, am#BLERI d@cwﬂﬁwspeam@q@éﬁwesp@ptﬁmu n®r phESHERARF.chol i ne,
pol yl act ateﬁmﬂsﬁ%wpénm&f saigiacogpeunds frdiatARIArgacedtical
conposition conprising at | east™ one nanoparticle as clainmed i n any of
clains 16 t FZEOWEE - The use of the nanoparticles as claimed in any of 10
clains 16 to 26 as therapeutic agent, in vitro diagnostic aid or
t heranostic apent
A pharmaceutical composition comprising at least

one nanoparticle as claimed in any of claims 16 to 26.

28. The use of the nanoparticles as claimed in any of
10 <claims 16 to 26 as therapeutic agent, in vitro

diagnostic aid or theranostic agent.



