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"Fl uorescent nanoparticles” The invention relates to fluorescent
nanoparticles with particular suitability as in vivo diagnostic aid,
5 especi al | yK&B1goPEYRkE BHERRNROYOR| BeRERFRati ng bet veen di4% &%htk
tissue types and clains the priority of European patent appligatd iy
05 025 022.4, reference being made to the contents thereof. 10 In a
| arge nunber of disorders, a diagnosis which is as early and
informative as possible is crucially inportant for the choice and the
har moni zat i on and i npl enent'giluorestenhenanopsssiglmedi cal procedures.
This applies in particular to a | arge nunber of tunor 15 types, for
whose deteLm nation and therap¥ (including possible sections)
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crucially on whether_ and how wel he treating ,and/or, .operating
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structures it HREPOAyPBY P iagPRE HEERAE hive de eloﬁﬁﬁiﬂ$ﬁ3§%
met hods are bty imaé@e abi ehéotohbeges ethdedéefti on of
cancer-associ ated cell alterations. 30 Thus, for exanple, Hsu et al.

(2004) ("A far-red fluorescent contrast agent to i mage epi dernma
grow h ﬂ@cto&nreck@rge aumbessbﬁnﬁis@hdbmsheai@ﬁagnaﬁdsPhﬁbmﬂiokDgws
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Tilmann von ReRessenddt fdnb8ds K dle 16,0060y 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 1is
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-assocliated 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 marker for early carcinogenic

transformation. In this case, the tumor-associated



-2- 2- overexpression of the epidermal growh factor receptor (EGFR)
is utilized for identifying altered tissue in the nmouth via a red
fluorescent anti-EG-R anti body conjugate (Al exa660). 5 A general

di sadvant ag&Kkdofiorggamka flidgrsgphoraes Renddwmd they are net abdlli 280 En
the body, with the fluorochrone bei ng degraded or inactiv?&egé gﬁ%s
met abol i zation thus counteracts the high |abeling intensi I

10 necessary for diagnosis. As the resizlence tine of the organic

fl uorophore in vivo increases, this problemintensifies and
represents &VEﬂEﬂpﬁEﬁﬁﬂdh(ﬁffthulEmudﬁﬂmaﬂéﬁﬁqwdhlf@@tbﬁbebb&@t@&
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process. Nb&ﬁﬂ}?&ﬁﬂ%%%%@é& éégyophores are 20 very susceptible to

photobleachlng, even ‘after brief irradiation lead to a
subst antPal | oss of quorescence. A contrast agent based on these
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that the Al exa660 conjugates exhibit _a_nmaxi num depth of penetratiaqn
of 0.5 mm SEWHATafdtSectHoh oflfRe 360P8148%sdIHE T ho VorERr &S
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15
In addition, organic fluorophores which emit at longer
wavelengths 1in particular have the disadvantage that
their gquantum 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 Alexab60 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 (@QDs), which are fluorescent
35 nanoparticles a few nanometers in size whose core

congists of semiconductor materials such as CdSe, CdTe,



However, when the known Qs are used in biol ogical systens they show
t he so-called blinking phenonenon, 5 i.e. the nanoparticles alternate
between a fluorescent and a nonfl uorescent state. This phenonenon
makes the quaition StohskalSEl Bssnh nv@arkéwedss for in vivo appl c@7 an.
In addition, the "blinking" nmay al so indicate a disintegr%ti%% ofé%Qe
nanoparticle core, by 10 neans of which toxic cadm um may ~be el*d4Led
into the body. This is particularly disgdvantageous because the
guantum dots accunul ate in the body, for exanple in the liver or the
spl een. 15 Ther pesed iivention is accordingly based on the object
of providing fluorescent nanoparticles which exhibit particul ar
suitability for use as diagnostic aid, in particular as contrast
algent i nhvi \gmwe?\géﬂ',hi s,rlhmbj ehédi]s:zmﬂili eed aas:eseﬁsédrtjfni m:itdlelgmial
claim The dependent ai ns,_an epar at e _i p ent, cl ai relate to
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enpl oyed5botih. @ n vhér naangarnivies fadrtddmtspdoetweet abelfilngrefscent
sel ected 25 hiological..structures or functions. .ln particu t
nanoparti cl eats)née?egtoglé ueorrecsccae %sesrt\-'/%t%’s itﬂr'llg\% v%hec TS 4f&%féﬁfsqrc}\loer
assi sti ng nediaydglum nt éovent ueeslessspels al pprédcgileal ifwwerventi onsio
30 The nano icles t in ' co LSe .k . «th
structures}%ﬁé&ﬁ%éﬁ%ﬁﬁy gﬁlin%gg%%?gntopgﬁémhi%Elbgﬁgheatﬁgg bf%fo
passi vat i ng dndieratshi @hdiBeptearatsinanc &l | die spaetperticlangsreit by

al so _behng pessidl 6f Qhithe wped figahi gandayt dPe-PREAsO) theo the
passi vating 35 layer, These lead to the specific binding of th

t
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i norganic core ofthe nanoparticles of the invention with the
passi vat i ng 12%@r Qﬁjﬁgﬁﬁﬁggkﬁﬂ?t has a hydrodynani ¢ di aneter of not
nore than 15, preferably not nore than 10 inn. 5 thernodynam c

dlanpteﬁg Omﬂﬁgt'?gé%tgm”}ﬁ§éHQ{gﬁ’“¥sr"gé%éggykéaj”“ﬂggéd on the
particularly preferred.
object of providing fluorescent nanoparticles which
exhibit particular suitability for use as diagnostic

aid, in particular as contrast agent in wvivo.

20 This subject is achieved as set forth in the main
¢laim. The dependent claims and separate independent
claims relate to advantageous embodiments. The
nanoparticles of the invention can be employed both in
vitro and in vivo for the specific labeling of selected

25 Dbiological structures or functiomns. In particular, the
nanoparticles selected here can serve as 1in vivo
contrast agents for assisting medical interventions,

egpecially surgical interventions.

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

35 layer. These 1lead to the specific binding of the

nanoparticles to the target molecule (target) of the



The passivating |ayer has the task in particular of increasing the
fluorescence intensity and the chem cal 10 and physical stability of
the inorganic core. The inorganic cores sheathed by the passivating

layer are Ch@:fr?icg{ e%éﬁﬁ& by Bnfuanidimpdeldof at |east 10% 47 687 K
advant ageously at |east 30, 50 or even 70% The quantumyield nmeans

in this connection the ratio of the anmobunt 15 of |ight enilftéd-ByOa
sanple to the anount of |ight absorbed by the sanple. The passivating
| ayer advant ageously has a thickness of “not nore than 1 nm The

di anet er of t.he_lI assivated core i

s ,n thi,s case.increased by .not re
than 2 run. O @ havaiigihus A5 t né WERGRAFt i cF820 n B4ch e
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i norgani ¢ cowee 3tha@wingum eacheawsiaileilon mrefiseresi.ze of the
nanoparticles of the invention, they are particularly suitable for

use as diagnostic aid in the living patient. Thus, the reduction in
si ze resul t fhen Aapsg8svRhsnEaskaYer t hasr atlke oftadik f Usi artrculat het
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10 and physical stability of the inorganic core. The
inorganic cores sheathed by the passivating layer are
characterized by a quantum yield of at least 10%,
advantageocusly 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 Dby the sample. The passivating laver
advantageously has a thickness of mnot 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 inorganic core.

30
Owing to the restriction on the size of the
nanoparticles of the invention, they are particularily
suitable for wuse ags 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



5- rapid distribution of the nanoparticles in the biol ogical
environment, and penetration as far as possible through a tissue
(e.g. a tunor) after local adm nistration. The nanoparticles of the
i nvention 5 tékie S atd oM. Bisteen agmassérati on whi ch canwalssa)] K
take place by injection. Local adm nistration, e.g. topical

adnini stration or intra- or peritumoral adninistration fortl-Aé-2006
treatnent of tunors, is preferred, howewer. 10

Parti cul arl yadvant ageousenbodi nment sof t he nanoparticles of the

i nvention hayg,aqhyes %@ﬂ%@ﬁ&f angger tq{e NOL 2R Eﬁgrtt@%ﬁeé in = the

particularly preferably of not nore than 4 rim noparticles with a
size of thisPuslegiel capneleenmanexcr aigd PHﬂéﬁgﬁt@ﬁ@ kP@nefarso as

that their ascsndadi eArblghhes bed¥sies distd NChl kRS OLfEero0.10the
nanoparticles_of the invention thus considerably reduce the problem
which is prdﬁﬁﬁ%ﬂ%ﬁﬁﬁﬁﬁ%ﬁed WeEh Fﬁ%ORﬁBEﬁC&BEntQ§1d§P§ gfvention

| ong-ter m 201 {1ex%bicdd YalhBwa Syttdiglc aQMﬁﬂh@Q@@H%z@ﬁbQﬂiﬂ@m cahh&lso
nanopartlcles of t e invention.emt a Iuore 5 ¥£ectrun1betmeen

600 and 700 i iCCul R¥1 y1piBFELGBty IF? SEHEEY G ©-9-
ezpeci ally ]Etfc.ﬁﬁﬂ!fa':ﬂb' y sRRArtiG 65 ivm  Thirs e_ﬂh@ﬁaon Sclp_eclt @aﬁﬂga@adm
advant age o Xi | tissue transn ssion owing to only | ow absorption
by hermog) obi HB TRLGE ghtahaob bt ng RIS P t HeSkEng 15
system (i nclpich fegrmed erjowavaght of these wavel engths is 30 stil
perceptPBIe by the human eye, so that the treating clinician is able

to identify the | abeled tissue wthout further el aborate techni cal
ai ds for Particularly advantageous embodiments of the

nanoparticles of the dinvention 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
ZEero. 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
emisgion 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, so that the
treating clinician is able to identify the labeled
tissue without further elaborate technical aids for
detection (e.g. CCD cameras). This is particularly
advantageous when the nanoparticles of the invention
35 are used as contrast agents during a surgical

intervention to discriminate between (for example)



detection (e.g. CCD caneras). This is particularly advantageous when
t he nanoparticles of the invention 35 are used as contrast agents
during a surgical intervention to discrimnate between (for exanple)
Koni g Szynk&sHilgragmkan TRAnesse4br6&enkske 16. 2006 - 6 - 47 687 X
carcinogenic and healthy tissue. In one enbodi nent, the aﬁfoPgrgbgges
whi ch can be enpl oyed according to the invention are kno )
nanoparticles with a core for exanpl e gpnposed of CdSe, CdS or CdTe,
as are described for exanple in US 2004/ 0247861 with reference to

scientific pulldieaigedns GSEE HRANAFHARNERQ06]). Reference is also
made in this publication to docunents concerning the 10 preparation

of the core materials (see [0007]), e.g. to US 6,179,912. Reference
is nmade to tiesendocenBBEsSmentt hekheenhbhepyrtot1bhe ghsehososs obe

t he properties _of these kno nanoparticles and the preparatio

ther eof | 15 TP LCYS0hr { FEGPAPLYadvEnit agdbtis. HPVERE iRor GaRFe COREYBI
t he nanopar ua@ﬂo@;&mflcm@e riventd aroonSistaxagsnteatpyse@ll of Cdse,

seniconduct These é res emt, depeqflqgjﬁgﬁihe'r i ndi_vi dual si,.ze

and/ or corrp i of | 'in Yari 86§ cof% %Prsh(ﬁﬁaﬁr}p d batd
20 absorptlﬁﬂ Q@O@h@2ﬂaﬁélreg|@dthf theeEeghncepecttun1(thienwifﬁc
regi on) itation nd en155|on par t because
of the hlgh%ggﬁkgé%s F |Q%f%ﬁﬁnﬁ % &ult eougug§0|%a?|oﬁ
of dlfferennm@@anhmmHMN%smmbklhaeloﬁhép h&memnamt@wcmmiegnnmgrthe
em ssi 25 S i I I al

ok Iptl GLoa s Gfy ;%H] @(%‘é;:’}tllea)/%%lﬁrg é’sé’é Om’éoﬂ) big. to

Furt her” pos e propertie great ance
particul ar U &R 9 ApLovRERpicdf lseﬁ‘@ﬁeat’st@nt aaet rﬂoqmnan% in

| abel i ng ar%ﬂéﬁ%'Hﬂﬂlfﬁﬁ?“fﬁ&YEﬁéddQECQBsEQe8@%f%HEté?b eties of

photostablllty 30 Quantum dots, which may_represent t I norgani c
core of the "HERGpEPCVE é’éné’li)atrﬁéqlﬁﬁeﬁ?idoﬁheai@ée@aéf@lté% Ghereof.
W)2005/001889. According to this, an inorganic core conposed of an

alloy of at | east two senico ductors
y IS It fg particgiargy advantageous if the inorganic core

of the nanoparticles of the invention consists
essentially of semiconductors. These cores emit,
depending on their individual size and/or composition,
light in wvarious c¢olors, 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 cquantum
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
W02005/001889. According to this, an inorganic core
composed of an alloy of at least two semiconductors
35 which are either homogeneously dispersed or else for

which a concentration gradient is present in each case



35 which are either honogeneously dispersed or else for which a
..concentration gradient is present in each case Konig Szynka Til mann
von Renesse 47 47 687 K 11.16.2006 ~-7- 7- within the alloy is

i nvol ved. ReK&fiefczyskaalel hanWO2005R004888 cited above conrcerddhg

the disclosure of the nature and the preparation of these
dots. The cores may differ in size by 5%in each case. A‘&rgrftti%r{bq@

the inorganic core of the nanoparticlesyof the invention may conprise
an alloy of at |least two sem conductors, the core having a

hom)gen\iﬁ_us #OORPS| tdien andohei ng Cﬂw@{ﬁ{@iiﬁ%f@%e&d&agﬂsg&]@aﬁ tto
ener | C r ec (0] e, no r 10_.0 e
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nature, in wihehnegaeet BT oricenpiabeeatabnt e fihisse LGuaanimonidigt or
i ncreases gr.adual I%ésstart%n fromthe cg&t{e{%%of t he core, up to the

surface of theScoress Ayt Jelg%%ﬁcje%t?ﬂ‘? the S2TRne

sem conddct or decreases gradually fromthe center of the core to the
surface ther true of bot@ %%res that %ﬁ l.east

e of the. B ehteter sie BhgYanhtF) ShrBup v eo AR S S of
group |11-groop ‘dnsv@mtomdLma:@r o(cmm:e‘@eouend@fmm | oﬁ cajrrkepends:vtcn

the groups o | e he El
be sel ected %Q£D§§£&£#Bg#§ %gggrogé %f tﬁ %g% Iomnng gFﬁwié?ﬁéga@
CdSeTe, Cdsseommmlozneerr@ Zatage, cldkgsteCdEgPe, biynGaAs bantdEaRp

GaAlAS, 1lnGadl; e/, 5%hﬁ%heslém}ﬁoﬁd%h'eﬁﬁ}a'H’tﬁ‘aﬁsgngeatﬂcﬂgtg% énolar

i norganic material such exa sem conduct or s
ZnS). This a¥RiF+9 onkl thaylyojsemiconductors.

Alternatively, the core may be non-homogeneous in
nature, in which case the concentratien of the first
15 semiconductor increases gradually, starting £rom 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 IIT-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,
CdssSe, CdsTe, ZnSeTe, ZnCdTe, CdHgS, CdHgTe, InGaAs,
InGaP, GaAIAs, InGaN. These cores may additionally have
a coating of inorganic material such as, for example,
30 semiconductors (e.g. ZnS). This additional layer is

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;..Se.,
35  CdS5;_<Tex, CdSei_,Te,, ZnSe, . Tey, Zni1.xCa,;Te, CdiHgxS,
Cd, .xHg.Te, Ini-xGaylhe, Ga;AlAs and In;..GaxP. The



known to the skilled worker as "capping” or "shell". G oup
11-group VI and group Ill-group V sem conductors are generally known
and include for exanple CdSI"Sex, 35 CdS1Tex, CdSel, Tex, ZnSel,, Tex,
Znl, , Cd" Te, ®ediigHPelek@aTilAlaxas vand Renies@xP. The Konig Szynk&d7 K
Ti | mnn von Renesse 47 47 687 K 11.16.2006 -8- 8- sem c0££u%05806
preferably used are CdSel, Te., CdS1Tex, ZnSel, Te., Zni, CdxTe7~"
Ccil , HgxS, Cdi., HgxTe, Ini_xGaxP, wheregx.is a fraction fromO to 1.
5 The nolar ratio of the sem conductors can assunme any nolar ratio.

However, in ddig ccascMiaise diher addy cospai sese CdSse. e, pretig;rae,,

al l oy has the nol ecul ar _for mfél ation (%dSl. ,.Sex._In _the cas& V\/n%re t he
al | oy conpri@&eiedSre, 4prefietFed GF1-o%4vas (Ha-MAxECul arlrMgbashs,
formul ati on IedSka,Fe" wharkhe ¢ase wheceibhefabhoy eoenpri ses ZnSeTe, a
preferred alloy has the nol ecular formul ati on ZnSel, Tex. In the case
where the alloy conprises ZnCdTe, a preferred all oy has the nol ecul ar
formul atbon Ba ehyl@onpesdd off Cdhe. demidmsiidiorst atenertssune | &niyn

each case a _fracti t we d 1, These prefer i_no ni res
of the nanoﬁgaorlt%%cl ggtg 'thgg‘lﬁ%\}/%%ti thncg:ﬁﬁ ecﬁarseepagvgl%rﬁtﬁg%hegiigy
fol | owi ng steperizey i fdpfeparat pboafefradf ialstoysohasi dheaundeiecular

condi tions VEH&B\%’%@%EG RAOCIYST al gnto.farm, Q{ei ) REgpar E‘lééona?ioﬁ
second sol ution \ | C conpri s"es a precursor O? he sem conduct ors
wi th a nol acomgtriigasndedSEecordi prehevhedh eddey nbeserfdi emolecular

nanocrygpal _Sf&z%ufl%ﬁ:'l!on(i idds, 2e2ddi Ehontﬁ% thgsgecy gr§0| Fﬁéor‘aﬁ_?o%he
first solution enablin nanoparticles to form and (iv) altering the
condi ti ons WFIMER 18&ET {RteTet op tHeffafmch afleviehasnddry shalscahar

the formati girki@eeabn legsg?_txh@g. f ofn prgpar idikd Neneeeesthe alloy
described in WD 2005/001889, to 30 which reference is nmade concerning

the di scl os o8P SEFe THEPEF at PoRTGFEFHE prbt &Y r 88Sertitili RRRECBE 3 he
i norgani ¢ ca@emiflatiennanepakliycl eSomposbe | nventic@re.ln @an  these

| rnafLv i n he i norganic core .
alte a_IL_’% es%g%()ecrineg‘?:st,’ }% 1es En gac case a 9ract:s.on 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 sclution which comprises a precursor of the
semiconductors with a molar ratio under a condition
which does mnot enable nanocrystals to form, (iii)
25 addition of the second solution teo the first solution
enabling nanoparticles 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 is 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 nokle metal cluster which

preferably comprises 2 and 27 noble metal atoms. In a



35 consist essentially of a noble netal cluster which preferably
conprises 2 and 27 noble netal atons. In a Mnig Szynka Til mann von
Renesse 47 47 687 K 11.16.2006 -9- 9- preferred enbodi nent, the
nobl e net al Hénisel eotdd fTioimanmgroup Rorssst i ng of gol d, si Wie687 K
copper, platinum palladium osmum iridium ruthenium aﬁﬂ s I%o%iotérg
The cluster may have varying charges. S These cores have e~
advantage that, owing to their strong-apsorption and em ssion, they
can easily be detected as single so-called nanodots with a weak

mercury | anprexidtadd o8mbddeneapppanki ele ofmddia 10s | s¥eatten Wridh
t hese cores are advanta eo sly to be Eedsﬁ,é_ fl uorescent

si ngl e- ol ectl X P4Bel%; | ¥bePo V&It eXTPRTE t hE LA D
i nvention, tgeel tetiads ¢ mbﬂu& mealiumef ens Hedidih edrerefhogi Gup The

sel ected from a grou nsi stl of | d S|Iver and copper and the
pl ati num groc?p Sh%xélng ( aafg' gcq-baaﬁ‘ 3t um  osmium iridium
rut heni ulh and rhodi um 1In pref erred enbodi nents of the present

i nvention, t ob t 0.,are fr t he £onsi sting
of gold, si Ilt\;%r%an%%g%%pgj%% ntglepag Jl’%tgﬂt'gg?y t:glrrge ‘er (ry%éﬂgrrbodl né%tlrn
t he nobl e nettatoris sidspeptdrorgokdd Tewisetom! cl tiseer "caref eesitly abe

combi nat| on fe 252 25,2 UM, 2 Jietah, J USLELaAe KA Lt Glak

alia fromthe areas of chem catal ysis, ceram cs
sem conduct éﬁeﬁfééhhollﬁgpan@iﬁtﬁ’m@m al TBei enaRepaThecsrEl | of whiieer

| s thergpore fafdidH Wikh tBBeRECRA A Oarbheéé%nté@@@@éi 03358 pe

describes inter_alia 3Q the preparatlon of nobl e net clusters and
addi ti onal | y*s&5ht &@hs fé%ﬁsﬁ‘%?é‘tf urtiierl ererdeendes tebete Rncer BESSe
concerni ng tihkgyi There is disclosure in particular of the preparation
of noble nmetal nanoclusters associated with organic nol ecul es. The 35
teLm association is in this connection to be understood as every type
of |inkage, I respectoveeat tbE chieal gatesent 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 (PGEM) platinum, palladium,
osmium, iridium, ruthenium and rhodium. In preferred
embodiments of the present invention, the noble metals

20 are selected from the group consisting of gold, silver
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 of 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 associated with organic molecules. The
35 term association is in this connection to be understood

as every type of linkage, irrespective of the chemical



Koni g Szynka Til mann von Renesse47 687 K 11.16.2006 - 10 - or
physi cal nature of the |linkage (e.g. coval ent, noncoval ent,

el ectrostatig. or_ van-der-VWaals |inka . Reference is made
W2004/ OOSS%Q%C%W% ﬁéﬂa&neﬁfaoﬁa%?g&esdsfe t he nanocl ust er éanSBgo;{e

of the 5 nanoparticles of the invention. The nanoparticl esloflstBe0s
i nvention have a passivating |ayer which increases the fluorescence
intensity and inproves the chem cal zin(}opﬁysi cal stability of the 10

i norgani c core. The nanoparticles thus.emt [|ight preferabl iLth a
quant um yi elF ofPREHER har %S proé]e 25 yt:"c}Fl Fe ﬂﬁaﬁ‘SO@é"%&nt'
nanoparti cl esorofotdieer thveplicenrpeeheiabl yr exkirbiders- Wl otagkage) .
stability i agueous, envi r onment f ast 12 nonths d
are pref or AS RS ovr BRI rangaip7onEpeResel” pheTge R as®, B
show devi at imrepafatiiess tbAn 50 | mamdalvorets their cspeci foL  the
spectral .characteristiCs s s .quantum yield, position of the 20
em ssi onSnHXI}anI%Jorﬁaﬁ'utaJ]Cfl-evﬁ ﬁuzrc]mg?e t%:a{?eenn%ls%%/‘on spectrum Preferred
particles show deviations of |ess than 10%in relation to these

specific sp LstiGs. The :sho de L I
condi tions glfﬂ% %%ﬁggéggig%%ntoi%al @é]axgg%éfo‘é%gy%&q%bi%i pég%?gth%ghg
properties ofaydre wbieh(iimtxiiegs t depatinoaeragnray émimpsidundiang
it) for a perj0od.ls aknkeashehitge days- pRyehiennedspabii £L6S soWne
such a constancy/stability for_a period of from7 to 14 days or up to
sever al 1ReeldOfEE 30-TThst aley nRARRPARCLRESEonEBRE ofMike light

inventi on a ke catd oI/ a!nii@hat konghsaeBAr a&i@iaheo@bmr@nttM@ed 10%,
properties %/ 50% Partlflcul arly refe}g%red particles show a
devi at i on/ alREFRTEN 0T &S] H&f?rio% 35 Koni g Szynka Ti | mann von
Renesse47 687 K 11. 16. 2006
The nanoparticles of the invention preferably exhibit a
15 storage stability in an agqueous 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 yilield, position of the
20 emission maximum, half-width of the emission spectrum.
Preferred particles show deviations of lessg than 10% in

relation to these specific spectral characteristics.

They also show under bioclogical 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 oxr 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



able to coordinate netal atons or netal ions, e.g. zinc, nmercury or
cadm umions. This conpound may be a Lewis base or a cyclically or

i nearly unsaturated conpound with resonant electrons. As cycl i cal IKy
5 unsat ur at &PEEPTRAER 1T RGNS FEREIRRX er ocycl e or a

het er oaronati ¢ conpound. The unsaturated or conjugated gr@yp1kSpoigl a
preferred enbodi nent, located in a termnal position in relation to
the structure of the nolecule. The passileatl ng layer may further
include a 10 crosslinker, or the cyclically or linearly unsaturated
conpound rrawl'&l%otpun@@@mﬂl?a@t@r d&%ﬂahk@tomﬁheoﬁom‘@més 1606T.di Radi-ng
netal atons onetal bR BRY é&c@ﬁJnP“féﬁQ”%hYstQB%ﬁ%nﬁh%@'B@ a

coordi nation 15 or el ectron donor ropert| es of Lew S bases to

f1 uorescent LiSitrgamEecoPEs ande S3pbndityl yircerdde voRptyarsed
portions/gr C&H?fﬁ:ou-ﬂlﬁsew&%heCU£§§oH&Mt”Dr@Pé/@Er&9§rpr | 98 pOE:HbQ'i&a‘MlyCh
confer solubility or wettability in aqueous sol utions on the_cores

coat ed 20 witFaHEHRterth SIMMRIEEUI Es TBRY cRapoUndsa i tPREFYdecaCr @

honogeneous Mtéﬁ@f&m@uéoﬁb@&ﬁﬁocmbl Gindd =268 esr havhagared
two or nore linked . (or else fused) rin %(ﬁ)les of 25 re%er_red

het er oar omat¥ @R stms df'e BhiRyBtesre h| S vath -Sx 7ol s,
oxazol e deritatnites, pysioles, myrrreaja::,d:eflmat tmes doreladirg dbpetieor

undoped pol rrole oligoners, .thiQ t hio erlvatl e
el dt ng. dSPAPHE onbipen sty e Bnerite? ShEP TR g, e Tide a
deri vat LVes,cymas ldinteerandopy Lhei ru:gcdarqaxldm ves, lqcnyeanigh nesatdrated

derivatives, ke | V. . e and triazine
derivati ves, Ciﬁ azoc?es t rlsgjso cgﬁrl vg%él v%:?ss:)lh]t%%cyam nes and

pht hal ocyani ne derivatives, por phyrl n and 35 porphyrin derivatives.
These compousgs E‘Bbﬁpbﬁﬁligdecdgﬁﬂr}é(@:@rﬁjj fgkgli i GQmdY SOCRLDONS 1@k s
their amnes, Ktini.,g Szynka | mann_von Renesse4/ 687 K 11.16.2006 -
12 - phosphdias Béﬂﬁvaﬁquwgéhraéahvﬁhaﬂ&tmchcwdar@@lon

i ncl udejgcetay englefoph ne candral | @R ebriedr eopot 1ldyiid edb&@@é eteo
It is preferred for the ol ecul e to have an adequate zctron

density in LW ST G CHRRcRPE oF REF PBROB lP@%@n&ﬁ‘E
the surface dﬁnﬁd@w C@Mms@f@ps T@hé@éermbmﬁaﬁuéscomynd
IS preferabl ar em dazol e % ) furth refﬁh%ef for -an
al kyl -10 ph |°rVe rcoﬁ%%ﬁﬂs?o & a}(ﬁ’d’éa'd ‘5@1%1?058 Eryn ©

"i mdazol e mmmmi:mﬂr tyneans dquddies cenflextiont tdn sthescropds oncated
het er oc gl i (‘;Ml%rh h:eﬁt %(oaromatl c nol ecul e which conprises at |east one
i mdazo grou

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 heterocaromatic systems are thiazoles,
thiazole derivatives, oxazoles, oxazole derivatives,
pyrroles, pyrrole derivatives including doped or
undoped polypyrrole oligomers, thiophenes, 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 (olefinic) hydrocarbons or their amines,



15 (including imdazol e derivatives), and which is available for the
| i nkage of the inorganic core or of the passivating |layer to a netal
such as cadmum zinc, galliumor a netal cation or a substrate which
conpri ses stchig Satyinda THidmehins voonReckeiss®, at | east 20 oné7 687 K

i m dazol e group should preferably be in a teLm nal positi 2006
relation to the structure of the nolecule. The im dazole orrponen
binds in its functional formvia the-riag-which conprises del ocalized
nol ecul ar orbitals to the fluorescent nanocrystal. The nitrogens 25
of the im d@mls@hbmug afeth inarti dlve ss esw eoaggenorddiriatitigelsi gdnids: | may
order to bi on, S C or f t

manner. In %ﬁg%e klrcrfeent Léﬁn[% %pé@ceo%@]ﬁié&%pr%ség\%%m
reactive furlaml(meil @n@t@@o suéh ass opeecﬁerrwd dmmothei dis)emile to
hi sti di ne, 0 €.d n in a
hlstldylphenéﬁglzg?ne é%@ *é ﬁIS??&%] %ﬁ????%n?%g§hgﬁ in order to
5- anm no-4- i wadgz obarar boRamd@duct ormatlon or rescnance on the
hi sti dyl | eughaee2emeiCapoiThlagolackas: sl dine, 35

hydr azi de, hi stinol, 1- met hyl hi sti di ne, 3- et hyl -

hi sti di ne, |n1dazoly5|ne i m dazol e-contai ning Konig Szynka Til mann

von Renesse4fcb&kterbhrkhnb0d6 coddound is preferably an imidazole
ornithine(e.g.5-net hyI i m dazol e), i m dazol e-

cont ai ni ngaF Wpﬁ@@g 9. (E&taFfKZﬁQﬁ | pjeferred for an alkyl-

L(al phaj@l apheephdae? compeubids tanbee afdese sl siicdisnenkased nol ecul es
or im dazole-containing amno 5 acids can be synthesized by generally
known met hods. The te "al kyl phosphi ne" nmeans in the context of the

i nvention aThel eamdre Wwmide zeld udespaheheasinecane Alosite n@oxgrremip of

(i ncl udi ng (%ﬁll’l vat evse%l(})r gﬂf) fo'he%%r% i(%_[i% or Che}Pg%er ar%matlc

nonnet al suc nonmet a substr
conpri se sucklarude waricwhcohppisesdes aleae’asbﬂeneinﬁatﬁmolmagrgnpup

(e.g. hygr 0%%&1%11@1%%0 : 1{nffa9{zoiecafc§’@¥i@am&@é poxarggeet gk chor 5
reaction wt j ace ecu

available for the linkage of the inorganic core oxr 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 comnection, 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 oxr

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



Preferably at |east one phosphi ne group ought to be located in a
termnal position in relation to the structure of the nolecule. The
phosphi ne portlons serve as coordi nating |igands in order to Ilnk a
nonmet al or MRl RGER 4410805 VO RFSES onal formto a 687 K
fluorescent core or a conpound fromthe shielding |ayer. {f @g.2006
preferred enbodi ment, the al kyl phosphi ne- cont ai ni ng conpound i ncl udes
one, two or nore phosphrne 25 groups-wABch are coupl ed together (e.g.
in polymeric forn) and which may al so include hydroxynethylphosphlne
conpounds oRPTEHRENIRe, bute &-e notStiefiekinidaerle) imidazole-

Al kyl phosohigreartiaighi Ngacaapadnds gangbe syphbbesi zed- Dy geperal) y
known nethods. As is further known, al kyl - 30 phasphi ne-cont ai ni ng

conpounds iyl ed@die edRaLRE) vnclud%aﬁhenb?enore FdHTEHAE - f unctiBRal
groups (e.ghikdia@ng-basdll Rsleddlied ‘or Cﬁﬁ:b&a(ﬂéle @@a@@mmgeemnb

Exanpl es_of derj vatives are hydroxy y hosphi ne derivativ
ami des o e?ﬁ&d? Gn G YRS TERE 288 f@ % e with

t he functions of the aIkyIphosphlne as coatlng mhlch are described

h i a,Ti R 47 687 11 16.. 2006

Pgrf:gularlghgrgt ai%§?§€3¥§ ngﬂg%%gﬁﬁré§Ee &i FEPGER % 8Br8280f

t he nanopar Mee}s;;t@fn tra:e itrmlfmttikm arteidh i s:(rhyhrtdae@rreatlyl )epdﬂe‘sphone

A ol | SEledprye oBRLBY! ) RATRAL RG] PEORANGLELBE! dinkbabs)
crossfin hosp

generally k i né-containi'ng un S
have tthadénméom qg’os:éieﬂratrntr;goa bomﬂehglfanchi @IsaISey, t$) mm et:harom
and/ or i ons 3yehas <Zn o &, ’ér%tter% S &gard, ;S éetl'é me, and

i socyanates or al kyl cyano- 0 acryl ates nayI% use

crossl i nker ¥high |p§aﬁa§eandahddlmstr Oraft | érqmmttlmalor 650uRt EBF@s.

The passi vatigoghfiect ofmthe- ) Dasahtettmg laeioMhich | eaPheRERt de-
according to th the 15 shiel.di ng of surface

e invention.is ba seb

cadmi um or Atc ' att6fs TEACERET W& ?dﬂﬁ€ CeBFLEF wi th t he

het er oar®mat i ¢ conpound or heterocycle (preferably with the im dazole
conponent)

[Tke) Vi a t R CEEERaNat bn AR 1 RE SO BSCYR AEDS20 C8Hea Agbe
conmpounds. 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 8 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 limited thereto.
Alkylphosphine-containing compcunds 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.q.
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.



The passivating | ayer of the nanoparticles of the invention is

di scl osed in US 2004/0247861 Al. This published specification

descri bes the preparation of 25 inorganic cores sheathed with the
passi vat i ngKoayjier SzivokaeTadplaroioguieng®sgot s. Reference 47 687 K
therefore nade to US 2004/ 0247861 for the purposes of d|3510§5h§05ge
preparation of the passivating |layer enployed according to t
invention and of the inorganic cores-304sheathed therewith. The

nol ecul es of the passivating |layer nay further include or carry
chem cal groups in order to bind and crosslink target nol ecul es and
cell s(specif [ pr rr ondin

passi vating P'F%&S%ﬁtls‘?&g ch)pécsé%rg%l %O‘—&herge ée)cu %aggg?sc%m g
Szynka Ti | néRer@geniRe e 70681 0e 111aI16&3@10¢)36cles__50f c,tdtﬁ)oyhﬁen‘c“;aﬁn
forma passiyati @.915%9&%%&%1%5%%&1@%0nat-lae BLvor £26RDE-S

("cappi ng" or "shell™ ese reagents may al so nd functional y
to at ons ornﬁ&ﬁ%(ldﬁ’l'ltoﬁé’hé@foﬂ%@mpotlﬁe FGifbr eSbeAf rERTRN/ASHAl Snewh

that this adgjti onaloddasisiial i ngn k@MSH o SN B S@orbes 01 g d Qbﬁtﬁéﬁh}ﬁson

the surface of the core,, 10 The nanoparticles_of the inventio iﬁ

in an advant@y€old st cital RRATISNE 1Y @ PR PHAT FRSF SONRT
may consi st tef mstgeni atand/«HdidwOr gensC R | Q8SzZnThey earverd othis
i nprove the co t|m€ﬁﬁ efflcac and/or solublllty o{ r
nanoparticl E§99M% | i SRR R i ApAtti ENRRPTI n

t he phyE@OIGgEQathﬁVIm&nﬂEﬁbe TEUStherfamsaﬁmmfldﬁnssﬂnnkers for
advantageoui %art'%UE%d %rdertaona%q%%y%lo @sg%ltn%%§%%plflc
adsor ption and=an®i Acredss conpé?ﬁb Plty in b|0Fbg|c§1 SysStérs,
especially in the human body. 20 One possibility is nodification of

the surfaceq :}%ééﬁ\@&dﬂ’r@é h&%@@?tg'o\fcothé P'S@ss%h‘t‘:?nbs la%};ﬁd%hich

approved for certaln nedi cal applications, especial
mol ecul ar WASgRESSGTHE, AFROBEERE €6 rrdient HIVERE Eom {Lszeae@éir a1 shee

of the mnoemteuelleg Ui Ss@AfhddICEEARLROLD BRACDIQCRE A bihetYiRE
t he nanopar%wpl and the bl ood cjrculation tine thereof and the

ef ficiency PSR A 975 Wiy i M R QB T IR o eCOFBP e §Rt

PEG | ayer V\mtelaefruby&ee suﬁﬁéﬁ@ﬁﬂsmumt@s vhé afiiYasiedlk 30o@BonEaE )

exanple, folic acid is,possiple to achjeve a snaller t ake of the
nanggartlclégg %ﬁh 5 c%ﬁ%eCPﬂgtﬁF09§PW5ad§ﬁtﬁFPd% ?6 Fhe

nanoparti cl @gkies redaceﬂhéheiQMQaexéUEbnInwaﬁhngthecognkytphoebhihe—

nanopargj cl e3 R%:higy TIHRG. 2%l em

The passivating layer of the mnanoparticles 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 of gquantum dJdots. 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 ligands). In the presence of corresponding passivating

reagents such as 2ZnS0; and Na;S these molecules orx



35 Konig Szynka Til mann von Renesse47 687 K 11.16.2006 - 16 - to | ow
nol ecul ar wei ght pol ysacchari des conposed of one or different
nonosacchari des represents a further possibility for advantageous
sur f ace nodiNdrcat iSayaie dlighnaase wfn Ratiddss s. One possi bl e47 687 K
enbodinent is 5 nodification with, for exanple, polyglucoiﬁ,l%nzwg%ch
it is possible to enploy dextran which is approved nedi cal'l'y as "bl'ood
substitute. It shows good bioconpatibilisty/tolerability. A further
enbodi ment is the use of stereoisoneric forns (D-/L-) of the 10
sacchari des dampanoels t ccarounferact apogsss isratadgrpadalawer Avitint hehe

enbodi nent is .the .use of_ bi icgll i bl e _hydrophilic vitam.ns
as nndifien?%ﬂﬁﬁ?%%ﬁ 1 fogkggan€#%¥r§%$§ﬁﬁne?oFﬁﬁofFaﬁ%#@”ﬁyacig%

pyri doxi ne, “cdifedlldhi.n, pant ot henic acid, ascorbic acid and folic
acid. Thus, for exanple, folic acid may lead to a preferred binding
of nanoparticles to cancer cells. This vitamn shows only | ow

i mrunogehi cithesgndreaeen® Meyh disscorpadi BunrtyonBladi e tatehe or

menbr ane- assE{At&d £RL cuaehder GeRlY éﬁ&d}ééﬁé@é&i %&ﬁs&}g@%&%i QB
5] t I popnilic

of the nanoparticles. The surface nodification w

vitam ns sudhas &hifet pRGE LieRsILecRREFFERBINTL OLRPREr FAANGLISC  be
phyl | oqui norgyrinfed idiamdEa WPRssSitl e subttne i t@xamlge . vitam n E nay
| ead to an increased cellul ar uptake of nanoparticles. 30 Fatty acids
such as, for exanple, 1-octadecenes or 18-mnethyl ei cosanoid acid and

derivat Lyes mHier ephnopirtDe18ase dihe spkubiiddentansh st abkl,i t yiof ke

col | 0,95 and dave el pal,dunetd onel,cerboxyl ot oup,  ehagad be
t her ef or e woittilhiniay adasise iof| odgahiatt yndcvdsiasrgaditi epstiokeni g
erbod ment | Qe S o hodT VAR T on s aCSBREFRELHLER- polbELSERY s
such as, fornsiaplsluwiiciiyt erfe gy corngdBEGiahéshinre dbkeid or a
2o, Cobt LB ID, SRR, IR S0 TRt e
its | ow nol eéEWigiongEght Tk srs Sushacke msuklifsi aatt ighl chsi advansegsibise
to achi eve rigduseg: DEQILE N1 AU ORo BRINAIRLY ah MohQet Bhepediic
adsorption and an increased compatibility in biological
systems, especially in the human body.
20
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
25 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
30 as, for example, folic acid it is possible to achieve a
smaller uptake 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.
35

Coating with monosaccharides, di- or trisaccharides up



10 frequently enpl oyed in cardi osurgical applications. A surface
nodi fication can |ikew se be undertaken with one or nore naturally
occurring am no acids, which include both the proteinogenic and
nonpr ot ei nofémiig F3vakiand idoiads, vemnd Reywsiset i c am no aci ds. 4Tt68% K
possible in this connection to use both stereoi soners (D ggd % 6
forms). Di-, tri-, tetra- up to small pol ypeptides conpos '% '?Rg
abovenenti oned am no acids scarcely stipgulate the inm une system and
are thus likew se 20 suitable for a thin conpatibility |ayer
Possibilities ilowt hric&armwwctwa@m @cﬁlﬁééd@iﬁ@hc@éﬂ' rmomd:mlecsseqﬂennes

and sequences fQ? |oI |ca grotell_1 S gptl%p der.i atlves f
nat ur al proPglns §%ﬁ5 @t g? phﬁiggﬁgﬁ |n &n FPRERF
be used for p@lstshanélzy m)ﬂofl cadwmtBrdexe m@fhceatlmodmfihaﬁabn

pepti de and Jal, gept{ de- contalal Bo.pept igles h5ea; LuLt e RS | 4Ly
or maki ng nanop rtlc es aval use i T onedi ca
appl i cat5onglod'ﬂfecmmogﬂepm‘de, i §oan efdnwient prbletutestor oy iwhiag,

for exanple ar ti gl as, ﬁﬁggoqggﬁ%Pgncgh#iﬁpngrangﬁggggehhe

nucl eus. Eer enmbodi nent  of 0SSI iers is
formation oﬁﬁﬂlﬁﬁd§Whor@Bchobﬂﬁ@dcoaﬁubgtlpﬁ@§phor?F 3ghows  good

ChO"neredU%ﬁ%P%&éth%&QE%@Q%bﬁb%B%&H%%Q'a@§0EQEt9@r S BiSnerd O i 5
exanpl e, on contact | enses. Koni g Szynka Ti | nann von Renesse47 687

K 11.16. 2006he 1g1se ph@gph&tﬁr&%ﬁ%rﬁﬁ‘dl ff o605 on (PanlPecdifse bhe

t he nonir oxbeedare desoperines, deeenpl oyed Weldurite Aical 0gi gabsible
systens and js dis |n ui shed by high long-termstability. S Since
pol yl act at e 4e§%68&d7ati bl e, this substance is enpl oyed in diverse
medi cal applications. Low nol ecul ar wei ght forns of polylactate in

particul ar iyedali rther 5%@& £ I|ty%gor §yrfqﬁf nDdffIBa%ig &he
I

10 nanoparticl €5 ot the THVent| on i s possiBie iN thPs con nec
to enpl oy borhm@mahé@|§unﬁr@pmtiicfunnpmnnSONﬁermbdlfeéusespm55|bse

bi odegr pglati-an. Besiges, tbf; sMELace RdichhGAt, 0ng: S | 0§6d: hbxk fe,

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 Dbiocompatibility. Binding to the membrane-
associated folic acid receptor facilitates

internalization of the nanoparticles.

The surface modification with lipophilic wvitamins such
25 as retinel, cholecalciferol, tocopherol and
phylloquinone is likewise possible. Thus, for example,
vitamin E may lead to an increased cellular uptake of

nanoparticles.

30 Fatty acids such as, for example, 1l-octadecenes or
18-methyleicosancid acid and derivatives thereof may
increase the solubility and stability of the colloids
and have a terminal functional carboxyl group wihich can
be utilized for subsequent binding of specific ligands.

35 It 1s therefore worthwhile also to include fatty acids

as meodifiers.



15 possible to Iink nonspecific proteins in a Proteolytically

cl eavabl e manner to the nanoparticles. This may result in an increase
in the bioconpatibility/tolerability. Elimnation of the |arge
protei n canKoake [@Hzyedeaatlitlherimrget Refesste0 rel ease 20 t he43méBlZ K
nanoparticles in the tissue. It is |ikew se possible for ﬁ?e
elimnation to take place after an appropriate residence treb-2006
Suitable and preferred for this purposevare w dely used proteins such
as, for exanple, transferrin lactoferrin, ceruloplasmn, 25 elastin
and al bum n as well as other proteins which reduce nonspecific

adsorption. Thus, for ex . e surface coating co ed qf .
conbination@wﬁh%ﬁﬁﬁﬁeﬁ?gggémﬁpghéﬁka §n°2h aﬁ%e&ﬁ%ﬁgaﬁﬁQHQ% 1s a
t hronbus f orceettiiony andi tihus polgnéaseoctiise biwdonpati bi lidy oéxahpla0
nanoparticles. .Th in_ser pr in abumnis t
nonspecific%ﬁﬁ¥%?§é¥ﬁongixfgg]pfgéﬁL neﬁ%%%négFaT %H%orggéggﬁﬁﬁﬁﬁﬁy
modi fi ed5 namegdr ticeledmre overspet af s BSotdien abisotyt odnf ofhengame

bt 0 it ; ng
of *a spect f FEORE o Sy nRe eREraiisiohehatdlsy B TaBAH "
19 - |igandespadiealpar tiel étsuriacemcleauilay weiokler daraksbumm iy
lead to a sypshant 'éﬁ' | ynligepger bl gad ﬁb'é.%':'ﬂb?@ ORLt I OBhE BLAUIR KR eq

pr evention o rapl upta e py _macrophalges after 1 ntravenous )
adni ni strat BEPYHEh | s Bl ke wi t iPehcbateal Hapbparay tpRes. is

Besi desy § he srenrsrecilh A S O W ridiedualavel e narapadd cl es of

the invention carry a selective |abeling with target cell-specific
| i gands, for exanple 10 they are conjugated to proteins, antibodies,
pepti des or a partigtd anddi piedeiab! yvant Qikmlilse Mghuadét paken pvatdi n
domai ns, antibod¥ fragnents or Oirer onﬂggic nol ecul es _whi.ch bi

ol

d,
for exanpl e LE IPRPREFHYE STURUTS A diheAE S yet g’?llfgl
The conbi natireriufe r &dided thyedr odpnainogdrdanet end whbobrbeadsogentike

nsher 150 il fueien and uenlyaien Toabbondod ool her Wil s
in this connection to use both stereoiscmers (D and L
forms). Di-, tri-, tetra- up to small polypeptides
composed of the abovementioned amince acids scarcely
stimulate the immune system and are thus likewise

20 suitable for a thin compatibility layver. Possibilities
in this connection are artificial amino acid sequences
and seguences from Dbiological proteins. Peptide
derivatives of natural proteins such as, for example,
of phytochelatin can likewise be used 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 is an
efficient molecule for bringing, for example, gold

30 nanoparticles through the cell membrane into 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



20 fluorescence intensity in particular in the visible red region of
i ght nmakes the nanoparticles of the invention a sinple diagnostic
aid with diverse possible uses for selective and accurate

di scri m nat Kémigf Stivsdwae THypesini won ReneBsese possibilitiesdVnb@% K
conbination with tissue-specific bionmarkers serve in partiguiérzggé
differentiating abnoi mal, (pre)carcinogenic fromnormal tissue,
assisting visual assessnent for nore-ptecise tunor resection during a
surgical intervention. The nanoparticles of the 30 invention which
can be enpl epecdphoertfichoddmee atoddrtf itdars cserqen ashaonisast £ ageat son-
According tQ,the.present inyenti.on, the artic n._b ed
either as i %lrl\ﬁc’tmrbg3 g(;%rn 1{2;n Hi &é? rﬁ eg;l'aggr%eos%nf%%ﬁ& ‘f%}:g]?a%gs %gl‘gggﬁ%i
and/ or ther apsitans agend. Tley dastfiogutbhedpurlppse Highadnliongt teeud
Koni g Szynka,Til:qanp, von Renesse47 687 K 11.16.2006 - 20 - locally
(e.g. intratunorall S’ intramuscularly or into

surgi cal $yaccessi bl eti ssues/ organs) O el se

system cal | yie.Q inh{avenousl yx L%i%é&&pa@ﬁp@,d%ﬂagt AN LAan be
envi saged as liquid, spray 5 SOFU'[I‘OI’I, gel, foam cream act]ve

pat ch. Thi s SR e raf sHrv@y S rdigulapribratiens. Low molecular

treat nent/ dvgRes SRMNAd PMFGNSEtO B potake,15r 450 Possi-bher
e.g. as liquid qr ,in the fgrm of tablets or capsul es, Inhaﬁl on %isa
y

equal |y pos®FEEBIdIFY spryy. AFMTIATSadmi BPStFAERBROBY s@Iposi F

i s envi sagecariopa@ite NMals At , thdeinaanpashi Clres icapdssitm ant edhiB
depot form The t%r,m" iagnosﬁ‘i C %l cdH’[l S, used,in the g%r}t ext of the
present i nvEREPGT LaSTsyrfonGPF8Y Cort raktT agERe™Sry . e /il tls%rf‘?/)esl?lor
t he di scri mogateirn¢ol redusealpozatibie ofi ofegafadandiosal or functi onal
structures in biological systens, especially in living people, to
assi st a nedical intervention. The nanoparticles can be enpl oyed as
di agnosti c &etiZ@sespds aldurfiacesumgpdiaf idait sonventihensiomddy thn is

| i kew se=be b, mondmal | y: invasi ] (e co

| apar osg%py?%%gr]#%%nat irEoc{\rawi %lﬁlﬂ?rra F%g%&%ﬁgg% sug%oa%l%' T, IIC\)/yRII1 ct

etc. is wor PRRECAY tasaAd valGleniaztat BANBBEVEC tHE uBRnaRaBE#FAESt o

t he 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 ig 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 biocompatibility of the

30 nanoparticles.

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

target cells through simultaneous binding of a specific



invention in the formof local adm nistration is particularly

advant ageous. The anount of Cd enployed on |ocal admnistration in
this connection advant ageously does not exceed one tenth of the total
exposure WhK$miZ0 Sramvrel M lacoomyioat &emppw@y during the coutdebdy K
life in the liver and kidney of a person of advanced age and, ??
lifestyle. The total exposure of these organs is about 18 % urag
et al. 2000; "British Journal of Nutri@Bon; 2000, (84), 791 802).
Accordingly, it is 35 advantageous on | ocal adm nistration for the
anmount of nangpark i tbest]n@ heatiigied soidw. t Beaaimgnt wothCdsekemi g

Szynka Ti | 7 £8 _ -, _ s i ed
| east doesn%ﬂ?3> su st an %y %xceed%hﬁ%ﬁ%%*gélﬁ.fﬁﬁégf B‘iood
particul arl Yilmcaﬂ@tﬂ-@dl e:rm@dﬁﬂmﬂqgh Hehe wmeveantsival | ghtTamid suptake

possi bl e ev u ngll Qﬁd%_ef 0. cegd
a total arm% t %31 %%% e par gféy %%g% o E?gﬁ £5
cadmi um5Théh|§aﬁals@mﬂhadl\m&@@é;@@ @rarxomasftéﬂﬂ@@l rrent is that the use
of the nanoparticles in medical application on a living person |s

t hereby possible for the first time 10 because otherwi se - i.e.
system c adFefis8sat FBR NANRReGisLif ecragéndhecaitsbintd t ROAVSEX| CFW

associ ated hﬁﬁb@éﬂﬂtﬂcl@@' S dfs b@l@éusﬁnb@ﬁ@hoﬁdmd&'r%ﬁyr atd ons & BEYEESe
the dose of nangRaltlghes (SGansan { o adeauaty; Vi syl 1 zati o0 pte
10 they are conjugated to proteins, antibodies, peptides
or, particularly preferably, to small, high-affinity
protein domains, antibody Ifragments 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  Thigh
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 vivo. These  possibilities in
25 combination with tissue-specific Dbiomarkers 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 wvitro or in vivo
35 diagnostic aid, theranostic agent and/or therapeutic

agent. They can for this purpose be administered



15 It has energed that the Cd-containing contrast agent is

advant ageously enpl oyed according to the invention for visualizing a
tunor in vivo in a dose corresponding to an amount of from 0.002 to
0.02 nmg of &&rper SewBkef T2Ampgworori SegessBosages of the coffr&8¥ K
agent of from0.002 to 0.015 ng of Cd/cnB of tunor tissue;are 006
particul arly advantageous, in particular between 0.002 an 81%

of Cd/cnB. It is possible with this adkantageous dosage to visualize
tunors with a volunme 25 of up to about 150 cnB in vivo without

t hereby excéediaddyt hée nor mehlty aserepdive upperatisetlaflexpesuietdor

humans. The i tion te t e 3Q
tlssues/organgﬁgig%%g' $%g$¥ %§%§CI81¢%§%41 éﬁ?ﬁ% oIIoworgan%Se
(e.g. in theyg&gma@aﬁﬂestlna¢ g ur ogemitiraivencesdiv) at or yLoeatt yopicalse
externally i regi o f rg nqga ot
cardlovascugggggégggﬁf %% EEH?gj%zyn%ﬁgigéégﬁn %%ﬁ 3’ §%47 %gya%
11. 16. 2096 so2atiocpmmamhi sfesghenicsesyp  ora ACS BAECEL| SAisAmay be

conbi nati on ot fR ¥ HV%J?USafelaﬁvaP @b%g@%%f%ﬁé%éhe&%f&ﬁé@ﬂﬁﬁfﬁ'ék)
IS partlcularl a vant ageous ere the nanoparticles_ are enpl oyed

accordi ng té&od uﬁx@ﬂ%n Paplt rﬂéfc%a}am & pUkrPose8ssehls . s of aBhe

ligands of tlhau&anonﬁrtlgﬁe R Cafdym ef fect eppTekaculBs OraBeLilys,
substances, i.e. represent effectors. An effector in this connectlon

is aligand I‘@a\;cﬁttﬁoél séfSecteSBA et IRRESHIE nafforfr t i PEAY) - Anal

advant amoualimmarsltlra&lbat hpgpeeupbeskigandsikor chaigebed. In ome
| ocal i zation of, the nanoparticle. i,n.the body he tissue, .and a

| i gand wit hV8Ff8PFer Tt eCGREPTE 1FESe ?%%t&%’nh?pi%ﬂﬁ? I hkE8PPh
t he nanopar tfioeie a@hebeccath erdbadecetio adtied isomnsael aahedh®r context

rel eased. The e ct for_exa I ex rt _its_func n v
actlvatlonllﬁactlvatggng% ta rgggﬁggr% a %asﬁyﬂg af (gagface?nggaSt

structures, agenitvat i oh.ef theti nmaseveyst 6or20 thpri ndhgtyiminating
dul at t
modul atjon of ($lgngll. ?%np%tdg%%@t%ed&%q e Ofux‘}' <]f>£1é(f‘ P, oL, 20

enzyne,” gene therapy ivery o asm s or
si RNA), t ar gat dd ddetgivsrly wst@mnsﬁ@h@ﬁmahéyap@uthmmtmmwstgr

a stimlatigg-ethegt Qa4 Lar ;SIS % netabollsn1 hor mone
production inter alia. Protection o ce e.g. insulin-producing B

cells, is also possible. 1. Methods 30 a) Preparation of a

BP619- neut r gyiedi ﬂaﬁ@ﬁhf‘gﬁéfew tdhd | %léedeﬁp%yaal HedaTepeesend aig
antlboq¥ Chem cal,s_and material s 35 Nanopart]cles
egpecially 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 wuse according to the
invention in the form of local administration is
particularly advantageocus. The amount of Cd emploved 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), 791-802). Accordingly, it is

35 advantagecus on local administration for the amount of

nancoparticles to be limited so that the amount of Cd



BP619200 gg/ nl Knig Szynka Til mann von Renesse47 687 K 11.16. 2006 -
23 - The BP619 or BP617 nanoparticle is a nanoparticle of the

I nvention, i.e. it has a CdSxS. core ("alloy core") and a passivating
| ayer as di skbnsedSiymius PDDMAGR4TEE IREhesSeProt ei n Puri fi ed7pridteith
is present in phosphate/ NaCl buffer (storage at -80C) 10 M%Sltg“fgfg?fs
substance (Sigm), NaCd, KCl, Na2HPO4, T
KH2PO4, EDC( 1- et hy1- 3-[ 3- di net hyl am noprzipyd ] car bo-

di i m dehydrochl ori de), S- NHS( N- hydr oxysul f o-

succi ni m de) sub@l ¥=d sa@ranbeasES| does ArdorzeshbsYenaspiliy( MAGE:&0) kidss
Vi vaSci ence)

(2 g/l) D AR RO e T, EE@E g.éér‘é?% %ﬁ?%ﬁ%ﬁﬁ%ﬁ%ﬁ:&%‘%ﬁ#ﬁﬁw
KH2PO4 (2 g/ thenakmonpvisudDdfahiont he pbisshbilkdevenabiugn AnSamount
autocl ave, S&PrégﬁtéésBTagent which does not exceed a total amount

5 of 0.6 mg, particularly preferably 0.2 mg, of cadmium.

The particular advantage of this embodiment is that the
use of the nanoparticles in medical application on a
living person is thereby possible for the first time
10 because otherwise - i.e. as systemic administration -
this 1is precluded because of the toxicity associated
therewith. This is because local administration reduces
the dose of nanoparticles necessary for adequate
visualization.
15
It has emerged that the Cd-containing contrast agent is
advantageously employed according to the invention for
visualizing a tumor in vive 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 £rom
0.002 to 0.015 mg of cd/em® of tumor tissue are
particularly advantageous, 1in particulaxy between 0.002
and 0.010 mg of Cd/em®. It is possible with this
advantageous dJdosage to visualize tumors with a volume
25 of wup to about 150 cm® in wvivo without thereby
exceeding the normally acceptable upper 1limit of

exposure for humans.

The investigations may relate to all accessible
30 tissues/organs of the patient, especially the skin,
hollow organs (e.g. 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.qg.



25 For a 1xPBS solution, dilute 100 mM of 10x buffer with ddH20 and,
- before making up conpletely to 1 1, adjust the desired pH (pH 7.4
(AL) or 8.0 (Q)) with a few drops of 2 M NaCH 30 MES buffer =
activation Hghdisy MakekapriIesin (osgakecedrd fer, cannot be 47 687 K
aut ocl aved) Forrmula for 0.8 1 (0.1 MMES, 0.25 M Nad, pH QOQ@E 9
15.616 g MES 11.688 g NaCl 35 ad 800 ml ddH20, adjust pH & & %%
to a maximumof 0.7.1 wth ddH20, then gdjust Konig Szynka Til mann
von Renesse47 687 K 11.16.2006 - 24 - the pHwith 2 Mor 5 M NaCH.
Subsequent | yifmlseols ¢ OB str bR ddld20. and Modaci Ae ceabitnia@ion
(can be stored for a lengthy 5 period. at 4C.if sterilized by
filtration),%¥rets aVFHBot§¥¥%oéﬁﬁur%}t¢9rs@???nﬂéﬁﬁbu??eg‘
(activation faideigl) sigprepst ochlar P adegimssyamasuri ng cylinder. The
di al ysis chanber is hydrated in MES buffer for 1 to 2 mnutes before
use. 100 gl of BP619 (20 gg) are made up to a final volunme of 400 gl
w t h MESSbufiflesre nthes tremdadppdrdor frai aenpdngetihaamgtd nagn ked tldet h
a pipette. The 3P619 ar.e_15 erred_intao the di Si hanper
(35 kony . IERCToR oo o er LR ot are’ o Y e e ¥uin; Mot W0
11! ligands o©f the nanoparticle may carry effector

biopsy

molecules or active substances, i.e. represent
effectors. An effector in this connection is a ligand
10 with a selected function. The nanoparticle
advantageously carries both specific ligands for
targeted localization of the nanoparticle in the body

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

15 The effector may remain linked to the nanoparticle or
be able to be eliminated, or detached or released. The
effector may for example exert its 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 o¢f toxins/chemotherapeutics/cyto-
statics 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 DNanoparticles
BP619 200 pg/ml



of MES activation buffer at roomtenperature with continuous m Xxi ng
and protecting fromlight for one hour. After the first dialysis, the
BP619 are renpved 20 fromthe dialysis chanber and transferred into
an Eppendor frasmad . SEatikan Rl hgambDGrandR&dddswi t h t he BP619, 45t & K
solutions of in each case 100 mM EDC and 100 mM S-NHS are %rggsare

i medi ately before use. After the first dialysis, 33 gl of 160 -
S-NHS and 13 gl of 25 100 mM EDC are pipetted into the 3P619 and
shaken at room tenperature and 350 rpm protecting fromlight, for 15

mnutes. Aftgiet Besiiocuhat Begi 7t hen RS iafles dial )éleﬂaﬁl st cPBS. of
For this purpose, the 3P619,are tra sferred into the g SIS cha

(MACO 3.5 kDd)® 3SRt HPRt yr el - adki PSS PRLS. Sér’ec,CH%
fromlight, dd one houpbasAfiverinke setepdrdi alysis, dhe-BRED aren
renoved fro er and transferred into an Eppendorf
vial. The acn[]tlé %Q@M@ﬁ%m xed with 80 jig of neutravidin (8 gl
at 10 nmgbm, 35 20 gl final volunme with flI-PBS) . This reaction
m xture is then shaken at roomtenperature and at 350 rpm

I‘OntEll’l

Purified protein is present in phosphate/NaCl buffer

{storage at -80°C)

10 MES Dbuffer substance (Sigma), NaCl, XC1l, Nay;HPO,,

KH, P04, EDC (l-ethyl-3-[3-dimethylaminopropyl] carbo-
diimide hydrochloride), S5~-NHS (N-hydroxysulfo-
succinimide), dialysis chambers (Slide-A-Lyzer),
Vivaspin (MWCO 50 kDa, VivaScience)

15
Buffer
D-PBS ({(10x)

1370 mM NaCl (80 g/l)
27 mM KCl (2 g/1)
20 42 mM NapHPO,*12H,0 (15.4 g/1)/7.652 g/l NaHPO,*2H,0
14 mM KH;POs (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, adijust
the desired pH (pH 7.4 (Ab) or 8.0 (QD)} with a few
drops of 2 M NaCOH.

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 4dH;0, adjust pH 6.0
Make up to a maximum of 0.7 1 with ddH;0, then adjust



Koni g Szynka Til mann von Renesse47 687 K 11.16.2006 - 25 - protecting
fromlight, for 2 hours. After the conjugation, the conjugation
mxture is stored at 4C, protecting fromlight. The follow ng day, 1
M gl yci ne i$ﬁﬂﬂgﬂ32yhha1nﬂimaﬁﬁludngﬁgnéSEeconcentration ofl75680 KM
in order to saturate any reactive groups still present. g ?P ég
conjugates are concentrated using Vivaspin centrifuge tub $hel06
conjugates are centrifuged until 10 thegdesired concentration is
reached. This is followed by stoichionetric addition of biotinylated

monocl onal amd bedywdichect ad ggaisnst s Meghr388na8E0G] aia% ansl to

tunor - associ at ed gl ucose transporter 1 (GUT1) antigen. 15

Conj ugat i on &0 3P 1Y &t 1 H=8E- Hi s Chenical s and material s

Nanoparticles 20 BP619200 pg/ ml Protein Purified protein is present
h h 1 _buf f - 2 f

'(g, ona) ﬁ,;g’l'\'aﬁ@ ?;émggpg@&m 208 Mcaf09e RV UPsLAneRy

KH2PO4, ERC( beatindl- 3 34dioretiity| avierqniepy | bgr bdiltration), frees
d||n1dehydroad:or|de) S- NHS( N- hydr oxysul f o-

succi ni m de)? schanbers(Sllde A-Lyzer), 30 Vivaspin (MACO 50
kDa, VivaScience) Buffer fl-PBS (10x) 1370 nM NaCl (80 g/1)

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 gl of BP619 (20 ug) are made up to a final volume
of 400 pul with MES buffer in a sterile Eppendorf wvial
and thoroughly mixed with a pipette. The BP619 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 upl 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 BP619 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 wial. The activated BP619
are mixed with 80 ug of neutravidin (8 pgl at 10 mg/ml,
35 20 ul final wvolume with D-PBS). This reaction mixture

is then shaken at room temperature and at 350 rpm,



3527 MM KCL (2 g/l) 42 nM Na2HPO4*12H20 (15.4 g/ 1)/7.652 g/1
Na2HPO49e2H20 KEm g Szynka Til mann von Renesse47 687 K 11.16. 2006 -
26 - 14 MM KH2PO4 (2 g/1) make up to 1000 m, the pH should be about
7.5, autocl amicsttavade &tilREnrS veor Rernkd2BS sol ution, diluteé &60 &
of 10x buffer with ddH20 and, before making up conpl et el yav&o é éD
adjust the desired pH (pH 7.4 (Ab) or 8.0 (Q)) with a fe dr p af 2
M NaOH. 10 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. QrotketiHly 9 MESm11.168htg Na€dr15ad 86Qrsl ddtQyr adjust
pH 6.0 Make up to a maximymof 0.7 1 wth ddH20, then ad %ﬁt thzogH
With 2 M or BNYEEH O SubsEueRtr YRRk uf 61860 41 SHIHPUdRB0 %0 1
nglyfineds%ﬂﬁﬁﬁﬁtﬁﬂgﬂﬁfwm?uegﬁﬂ.Tqnma f@Eybhy%geEk@gSa%j@CQchineS
sterilize y filtratian rees al Lguots oceaur e I rst,

buf f er (actF&hthﬁeg%?aer ni§“br§pa%éﬂaﬁrl%i%ﬁ%%% ﬁ%ﬁ?ﬁﬁgﬁ§iﬁﬁﬁ nggr.
The di al ysi schanbei EFderkDay isathydtat ethy nrdESthukf efrduass 1lstal2

m nut es befor%a%§ . 100 gl of B2619 (20 gg) are nade up to a final
vol une of 465 Wi'th MES buffer in a sterile

The BP619 conjugates are concentrated using Vivaspin
centrifuge tubes. The conjugates are centrifuged until
10 the desired concentration is reached. This is followed
by stoichiometric addition of biotinylated monoclonal
antibody directed against the membrane-associated and
tumor-associated glucose transporter 1 (GLUTLl) antigen.

15 b) Conjugation of BP61lY9 with EGF-His

Chemicals and materials

Nanoparticles
20 BP619 200 pg/ml

Protein
Purified protein is present in phosphate/NaCl buffer
{storage at -80°C)
25
MES buffer substance (Sigma), NaCil, KC1, ©NazHPO4,
KH,PO,, EDC (l-ethyl-3-[3-dimethylaminopropvl]carbo-
diimide hydrochloride}, 5-NHS {(N-hydroxysulfo-
succinimide), dialysis chambers {8lide-A-Lyzer),
30 Viwvaspin (MNCO 50 kDa, ViwvaScience)

Buffer
D-PBS (10x)
1370 mM NaCl (80 g/l)
35 27 mM KC1l (2 g/1)

42 mM NayHPO,*12H,0 (15.4 g/l}/7.652 g/l NazHPO4*2H30



30 Eppendorf vial and thoroughly mxed with a pipette. The BP619 are
transferred into the dialysis chanber (3.5 kDa). In the first
dialysis, the BP619 are dialyzed against 800 m of MES activation
buffer at rddmiefyemsau/m Wiarm oo iFRIRESen xi ng and prot eéfi A§73E
fromlight for one hour. After the first dialysis, the BP@%Ql@rgoos
renoved fromthe dialysis chanber and Konig Szynka Til mafifi von
Renesse47 687 K 11.16.2006 - 27 - trangferred into an Eppendorf vial.
For m xing EDC and S-NHS with the BP619, stock solutions of in each
case 100 nmM EDG4miM FIDPOM &2 NHELAre prepared i rmmedi ately before use.

After the fi dial ysis, gl _of nd 13 _gl. . af 10Q nM
EDC are pi peHE ed iu%’t o%!toheléégwmghdl‘g%%%}?at }Mo@nft gjﬁ%erag}to&(rge ih !
350 rpm prerEsidleyd r gvhddaghe atf ®T.15 minutes. After the incubation,
the BP619 are dial yzed agai nst PBS. For this purpose, the BP619 are
transferred into the 10 dialysis chanber (3.5 kDa) and dial yzed

agai nst PBS Rgn ha pkcBBY, spioteeni ndifinsm L0hml fof Dbbre hefifer AWish

t he second dj Si t 9 e i-al ysis r
and transf e(rhr% bi naﬁlg'anhﬁ%ggg%dgg?gﬁb:{mﬁg %gtg}l:%g egzlogP%l.ig argég{}@%
conj ugat ed Vilsh 4es2rag I%Pofpfli_:d—"-ﬂi SAdi | e¥ ed -Wi t RPBS Wath 3 ndew
volume of 2Q3.gips J7or2 thingtir pose, the activated BP619 are pipetted
into EGF-H s and thoroughly m xed with the pipette. This reaction

m xture is then shaken at roomtenperature and at 350 rpm protecting

fromlight, MEE R fheursstiAldteiod ha gy ugat i on, the conjugation

mxture is stqred at_4C,  protecting fromlight. The follow n ay, 1

Vol yoine | S aE G ASR LG A A D SR - BT e: ARG VS o i

order to satRomie 2oy éad ilve{(QriowpMEd,i 1d. 5 esenicl 2H e 0) :

BP619- EG-- Hi s ] goatqii{%e concentrated using Vivaspin centrifuge
S

tubes (50 kDa s case, the nenbrane is nrewashed once
with 4 mM of ddH2®&hdr Nati washed again with 4 ml of PBS. The

BP619- ECGE- Hi j S iLluted ixn 2 mM of PBS and | oaded

onto thgrrer?’f)dr %\befq@h%@ig?‘égﬂfgﬁ éhcgr'ubugat es are then washed again

with 2 m offla¥8s urhgocenjnasireyn apé Oeft Ai figed @i, t Heedesdiuet

concentratiqhd spfeqqhgd-2 K08k sSTy o | BBBB.YABNREDeRE47 887 LK
800 ml with ddH,0.

20 1 M glycine solution (can be stored for a lengthy
period at 4°C 1if sterilized by filtration), £frees
aliquots

Procedure

25 Firstly, MES buffer {actiwvation buffer) is prepared in
& glass measuring cylinder. The dialysis chamber (3.5
kDa} is hydrated in MES buffer for 1 to 2 minutes
before use. 100 pl of BP619 (20 pg) are made up to a
final wvolume of 400 pl with MES buffer in a sterile

30 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

35 from light for one hour. After the first dialysis, the

BP61l9 are removed from the dialysis chamber and



11.16. 2006 - 28 - i) Procedure For this purpose, human col on
carcinoma cells of the HT29 cell line were injected subcutaneously
Into nude mce (wthout thymus and therefore i nmunosuppressed) 5 and
foi med sol i deRir = et r TR FO1 | FRR@FS@bout 2 to 3 weeKs. SBAcH
mouse i s anesthetized with Hypnom date in order to undertake itgh&gpg
injection and is injected intratunorally 10 with 25 gl of a
nanoparticle solution; the injectionirthis case takes place
centrally at one site in the tunor. Kinetics of the fluorescence
of the matertzansferied 16ntansn Fowansooridetidl onfet neiging EPEnd@rgD

mn. After fi | t r \Y} d
SAGHd | S?th t;n%t ypé{;? dngeaékwsbﬁu%%ﬂg @2% irzﬁeéSHB %%sf@

then the organs sp een, 1iver S are renove t uror
renoved wi t hl@pidér FDS. R 400f Fdk eh-MIES h 2G1ee m@@amdogmn@dlately

al um num f oihe £ el Stgg p%ﬂﬂé:ﬂ%@%&é& daaked ¢, n A um nym f19ig n@pd
shock-frozen in N2. Then stored -80C until "transported back on dry

25 i ce, ﬁurt%‘é\m%tépﬁ"gel%t“lS@é 31@1@3 BEgERS spreepibatfed kibpeydie
are renoved gp@mg aldnd hesHE e %@C&Jdnoz%mgéﬂ&%ﬁ@ et ed st 30C

until transported back. 30 ii).Photographic cunent ati on

Mat eri al s/ edth Pt R ed Wko?‘nl%Bt pi X°P2 ¢anePa¥ERFcol diiteght the
source (El trioi@sdSid), 3THept Beah of idter s1ialShert pagaihktt eszd0%For

cut of f mavelgﬁ%gfléﬁ¥££ééq the BP619 are transferred into the
10 dialysis chamber (3.5 kDa) and dialyzed against PBRS
with pH 8.0, protecting from light, for ome hour. After
the second dialysis, the BP619 are removed from the
dialysis chamber and transferred into an Eppendorf
vial. The activated BP61S are conjugated with 4.92 ug
15 of EGF-His {diluted with PBS to a final volume of
20 pl). For this purpose, the activated BP61l3Y 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 te a final glycine
concentration of 10 mM in order to saturate any
reactive groups still present.
25
The BP619-EGF-His conjugates are concentrated using
Vivaspin centrifuge tubes (50 kDa MWCO). In this case,
the membrane is prewashed once with 4 ml of ddH20 and
then washed again with 4 ml of PBS. The BP61S-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



Koni g Szynka Til mann von Renesse47 687 K 11.16.2006 - 29 - (Melles
Geriot 03SWP408 or 03SWP608) "Green" color filter 550 nm (Melles
CGeri ot 03FCQD87/0G550) "Orange" color filter 570 nm (Mel |l es
Geri ot 503FCG®8y 0Ga7rNa TiRaepne ot Henawxde 500 nm (Mel | es &dr PEI7 X
03F0@098/ 0OG90) bl ack clay board as background. 10 Caner? s§%tb@%%
The phot ographs to docunent the fluorescence are taken w %'a ’
commercially available digital conpact 28arera (N kon Cool pi x P2). The
settings made on the canera are sunmarized bel ow. 15 Setting Val ue
Wi t e bal ance) (BB)cédmrect sunlight”(fixed) Exposure netering "Spot

metering” Conflnygyy SNAYJIANG "RLAGHE dJBYE" BEE1ASNEQ 28hEC O the
HT29 cell line were injected subcutaneously into nude

mice (without thymus and therefore immunosuppressed)

5 and formed solid tumors after a growth time of about 2

to 3 weeks.

Each mouse is anesthetized with Hypnomidate in order to
undertake the injection and is injected intratumorally
10 with 25 pl of a nanoparticle solution; the injection in
this case takes place centrally at one site in the

tumor.

Kinetics 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 -80°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
ii}) Photographic documentation

Materials/equipment used

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



"Of" Bracketing "Bracketing" Flash conpensation Contrast "Normal"
| SO sensitivity 64 | mge

Sharpening "Of" Color saturation "+/-0"

| mmge size "2592x1944"

quality "fine" | )
" gj ng| e aut foeLg" zynka Tilmann von Renesse
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- 29 -

(Melles Geriot (038WP408 or (03SWP6(C8)

coloxr
03FCG087/0Gh50)

e “Qrange”

¢ “Green”

color
03FCG0B9/0G570}

filter

Conpr essi on "Medi unt' Aut of ocus

47 687 K

11.16.2006

550 nm {(Melles Geriot
570 nim {Melles Geriot

o “Red” color filter 590 nm (Melles Geriot 03FCG098/

0G590)

black clay board as background.

Camera settings

The photographs to document the fluorescence are taken

with a commercially availlable digital compact c¢amera

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

gsummarized below.

Setting

Value

White balance {(WB)

“Direct sunlight® (fixed)

Exposure metering

*Spot metering”

Continuocus shooting

“Single image”

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

Contrast “Normal”
Sharpening “OEL”

Color saturation Y+ /=07

ISO sensitivity 64

Tmage quality “fine”

Image size “2592x1944”
Compression *Medium”
Autofocus “*single autofocus”
Pixed aperture “on”

Noise reduction “Off”

Exposure compensation

Variable (std. -2)

The respective image settings can be taken from

the




Fi xed aperture "On" Noise reduction "Of" Exposure conpensation
Vari abl e(std.-2) Konig Szynka Til mann von Renesse47 687 K 11.16. 2006

- 30 - EXIF j.nformation in-the image file (e.g. with Photoshgp

Pi xVue) . Pré@éﬁ&gygl fhéfnlééf}?é’%‘fog‘ r#ﬁﬂﬁse‘s&mth the filter® o?gngon
a tripod and adjusted with the aid of the 3D head so thati1thes.2006
di stance between | ens and nouse/surface is about 15-20 cm The angle
shoul d be as steep as possible from abé¥e~ as far as pernitted by the

positioning of the 10 tripod., The phot ogragh' c filter is npunted,so
that the di $FaiceFhUMAHET it The atMagml F148 pBsd; prethThRotoshop
illum nati omramd @xeiit.ati on of the substance takes place by a cold
| i ght source whose spectrumis 15 controlled by a short pass filter
(see above). Because of the heat produced by the |ight source and to
i mprove maniptdoaddidridy, a flexible light guide with a lens is used to
focus the light cone. The filter_hol der .wi t he, short ss filter_is
mounted Bn (1% FRBRERqU Bie TOTHE. ISR SUeder SEehed g 1o a2
| abor at ory dgtramebds artchatd fumec et staricecii® 4@ sfirfhee3Dshabdusolbham
The |ight cqne shou nor egver. he justed, so_that _i.t L anet eg..
about 8 om Hte QREFEEE I Ta: LORCT M aDBVECLRBEE A For sovBPORE
as steep as jgos¥l bire tThe exhgke 2Hhshbtions. agheteepsasapdsshele from
| aboratory shand forgthe i 14mbaakkeRear §,POsht ¥oRd (9BRLACk £l B%e
board to inprove '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 cold 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 focus 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 morecver be adjusted so that its
diameter is about 8 cm. The angle of illumination from
above sghould 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 positicned in the middle of

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

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



contrast. The nmouse is then positioned in the mddle of 30 the Iight
cone. Care should be taken in this connection that the tunor produces
m ni mal shadow and, is well. .l i ghted. ni g Szynka Til mann vo

Renesse47 6 %%%W@%%kma%f -vofhgeﬁhegstsoegraphs shoul d beagal?gr? ﬁn
the nomai. case with the maxi num w de angle. Wth rel ativehylkaegees
zoom the canmera may becone unfocused and, in addition, the aperture

setting changes. |If the photographic’fﬁﬂter i s changed between

phot ographs, i f possi bl e not hin | se shoul d, be changed in the .
Bper  ront 2R SRR TP HEure CoRTAr Hb; Fity nanikaCRRry Hib
| at er procesgidgmadiméel idéndhogcas say Vat«eld e landl € ppeoi the
Fl uorescence m croscope: .Lei ca DI\/IEE,éj Zei%f LSN610META é%.?h nal h
enhancer, Protoiy GIIRY AMSTRR ndREOSHAH B&F‘%gr Y - BRS(pHM7. 4y ¢
(10x) 1370 rdpNaGird 8:etglit)g 20hged KC1 (2 g/1) 42 nmM Na2HPO4* 12H20
(15. 4 g/%)/7.652 g/ 1 Na2HPO4*2H20 14 nM KH2PO4 (2 g/ 1) Adjust pH 7.4

and nmake“up to 1000 m autoclave, storage at RT 25 Triton X-100
sol ution If the photographic filter 1is changed between

photographs, if possible nothing else should be changed
in the experimental setup 1in order to ensure
comparability and facilitate later processing.

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/1)
42 mM Na;HPO, 12H;0 (15.4 g/1)}/7.652 g/l NaHPO, 2H;0
14 mM KHPO4 (2 g/1)
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 solution
3% {(w/v) in D-PBS
Make up fresh or from -20°C stock

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



0.1% (v/v) in fl-PBS Storage at 4C 30 BSA solution 3% (wv) in fl-PBS
Make up fresh or from-20C stock 4% PFA solution 355.71 m of

formal dehyde (35% 5 ml of 10x fl-PBS Kanig Szynka Til mann og
Renesse47 6§PHRA FAEks0ds tmagyl voryRe&¥sSSfeck pH 7. 4 ad 504¥1 &'t &
ddH20, storage at 4C 0.1 Mglycine solution 50.375 g of ghycipezads50
m D-PBS, adjust/check pH 7.4, sterilize by filtration, storage at 4C
Mowi ol / DABCO 10 M xing of 2.4 g of Mowi3dl -in 6 g of glycerol (extra
pure) is followed by addition of 6 mM of ddH20 and then stirring at
RT for several hadiushi/dreqk PiM%t+ds (pH 8.5) are added thereto, and

the m xture d qreatiedriath G0, t Brotbgei g fop 10 min. After the
Mow ol has 15 di ssolved (takes |longer than 10 mn), the mxture is

centrifuged at 5000 x g for 15 min and finally 20 ng/m DABCO are
added. Storage: M AU SllusizC, can be used for only a few weeks

4 | oW y har
at 4c, S50 y a(ﬂ%E% 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;0 and then
stirring at RT for several h. 12 ml of 0.2 M tris
{pH 8.5} are added thereto, and the mixture is heated
at 50°C with stirring for 10 min. After the Mowicl has
15 dissolved (takes longer than 10 min), the mixture is
centrifuged at 5000 x g for 15 min and finally 20 mg/ml
DABCQO are added.
Storage: in aliguots at -20°C, can be used for only a
few weeks at 4°C, slowly hardens

20
Antibodies
First antibody: Anti-EGFR maAb (mouse) Dianova AaAb-5
1:100
Second antibody: goat anti-mouse with Alexad8B
25 '

Procedure

2 days beforehand, HT29 cells are seeded on circular

coverslips. For the seeding, 5 x 104 cells are

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

the immunostaining.

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

35 for 30 minutes.



20 Antibodies First antibody: Anti-EGR mAb (nouse) Dianova Ab-5
1: 100 Second anti body: goat anti-nouse with Alexa488 25 Procedure 2

days bef or ehand, 29 cel]ls are seed on circul ar coverslips. Eor
the seedi ng 358 ?&A’Tﬂw SJaWaé" rans et etfSo that, after ggi\mﬁﬁc}at{(

37C for 48 hours, 30 a 50-70% confl uent nonol ayer is present. 1&t. 2ne
start of the inmunostaining. The BP619- EGF-H s conjugates are
prei ncubated in 50 gl of MCoy nedium dontai ni ng 3% BSA at room
tenperature 35 for_ 30 m nutes. KonigCSzynka Ti Il mann von Renesse47

687 K 11.16.WWys £hg3 HT3fheR ol HIedheldn ot SonElGeft@ 1 e 15

medi um i s aspigiatacedf brandnidecikel belace aashedshedl eastlease Wride
fl-PBS. 5 30%&{50 41 of the preincubated BP619- EG--H s conj ugates
are pipetted P 1HR® washed cell's and then incubated in an incubat or
at 37017.5% CO2 for one hour. 10 After the cells have been stained

wi th the_BP619- EGFHi s_gonjugates, the cells _are washed ] °BS
and t hen>fi xetd with 36@ ﬁli of ° 4% PRI soMRT6IF treggm Fg’%gfﬁf%{léf or
15 to 20 m ndregagaifderatdaepipeatednpntbe tdel eastresd washesl ande tiiemh

fl-PBS and e i t.h 15_0.; i.ne at LMt ernat ur or
m nutes. Af ?Lglréﬁq%g%q%me%g%i %Igl ('gélgée ﬁ% are \%gs%g]g'g’%geﬁ%t hﬁﬁ - I9§%
and then perhmeabilized with 0.1% Triton X-100-PBS at roomtenperature
for 10 m nutes. The cells are bl ocked by subsequently incubating the
cells with 3% BSA at room 20 tenperature for 30 minutes. After

bl ocki n§lof Affenst tirpegedds| S1avthebeen| steanefe widunt eret 3PHed -&CFhe
BP619- EGF- Hits £ 0N AIRE £ 84 2l BhBI 6N sb@ ANl BEELTLYLHNE8E &nd
m croscope. 25 Count erstal nj ngi snecessarytoanal yzet he col ocal | zat 1 on.
then fixed with 300 pul of 4% PF 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 pl of 1% RBSA-
PBS and then pipetted onto the <c¢ells. 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 Alexad88. For this purpose, the second antibody is



The counterstaining is done with the first antibody, anti-EGR a
nmonocl onal anti body from Di anova. The 30 anti-EG-R anti body is
diluted 1:1QQ0, i.n 41 of .1% BSA-_ PBS and then pipetted ontg,t

cells. Anti q%@:lﬁ i?é'r%gﬁ‘i(a?t épsljlg}?%é‘ro@el SRS oom t enper at ureS?OESgOK
m nutes. After the incubation, the cells are washed with fh-PBS2006 3
X 5 mnutes. The second anti body with 35 fluorochrone for the
counterstaining is goat anti-nouse wi't R4A-exa488. For this pur pose,

t he second tibody is . Kenig Szynka Tjl mann von Renesse47 687 K
11,16, 2006 SHHECEH GO 1B 26D Ah G HF BIA 1908s aﬁdwa@ﬁtﬁ%p@fwd
onto the celdie cHg oathadda touse: -Ahexsd88] see088 38kbLAQINNESbod

i ncubated on the ce$|s &t r oo tengiﬁature for 60 m nutes. Aﬁ%er %ge
i ncubati on, t5he*RerPRTET e CRashty 58w th I - PEEYf GP B SX a5 UNEn Ut RS, ®Fhe
cells are entedded . naFberol {RABGRaNG tdral,yZeHeunskel 1@ mirer ogashed
e) Preparatiqgn.a ining, of cryo sectiaons 10 The tunors. ar tored
2 1506 And b EHE T % e YRR e hoRbor i AbeuRTPeifedoney
to -80C) foMmeEctli/MNRIY affte ssedhizanl ngpdeak es mplcacesauigteh a

crym crotone. The resulting sections are 10 gmthick. 15 Materials
and equi prent Fl uorescence m croscope: Leica DML, Zeiss LSMb10META,
troughs for enafrerqratirndiand chadrdng @ avroparedtoionsr ki ng t he

ti ssue region, 4% strength parafornal dehyde sol ution (see

cel | -binding assay), PBS (see cell- 20 binding assay), 3% strength
BSA sol 4fi oT&sebuBers- mnRli A§onsday@t TBPPen andovrssepprsad(sde a
cel I -bi ndi ng;@38330n Ko WM ahy e SR Ulh 00 (388088l -k ndsMer psgay)
Appropriate primary and secondary  anti bodi es, where 25 appropriate
further readdttd Forn%Toudtdr sE&FRILARLING takes place with a cry-

microtome. The resulting sections are 10 um thick.

15 Materials and equipment

Fluorescence microsceope: 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 binding assay), 3% strength BSA solution (see cell-
binding assay), Triton X-100 solution (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 is fixed with 4% strength

paraformaldehyde solution in a humidity chamber for

20 min. After washing with D-PBS subsequently cquenching

with 0.1 M glyvcine scolution for 5 min.

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



Procedure The cryo sections are thawed at RT and dried (about 10- 20
mn). After the tissue region has been marked with a 30 grease pen,

the tissue is fixed with 4% strength parafoi mal dehyde sol utign_j

huni di ty chdRBaE PRV MtReRr S th fl-PBS subsézuémg
guenching with 0.1 Mglycine solution for 5 mn. Kanig Szynkad.2006
Ti | mann von Renesse47 687 K 11.16.2006 - 35 - solution at RT for 1 h.
An anti-EGFR-A488 direct conjugate i s ¥Sed for detecting EGER in the
pl asma nenbrane. This conjugate &iis diluted 1:100 in 1% BSA/ PBS, and
the secti on$ord i%c @rat dl%‘?erje th in a hunidity chamber at RT for

1 h. Washing with D-PBS takes place in a trough for at least 15 mn

with at | east one buff c e. 10 Mow ol / DABCO.i s enpl oyed for _t he
enbeddi ng, aWd tﬁ@tééggﬁﬁﬁggggnst TR anGOSPEPRER) dﬁg a%ﬁ edtor

under a m creseepsnd )EMEr aacapie abakysai siehbrine .mMTHiOsScaphdugate
anal ysi s_of .t he,speci S kes plac ' Zei ss ., LSMB10.. .The

Forl e g r i s SredodsibPec or & et RhDocRhds SRENG 9IS PER o Bce
anal ysi s: 20neSktatkst: EhkrewSeh 1im 488G IOD0y Extiatriicronat 3R2I6 for
Beansplitter: .FT530 1 ssi.on. LP.590 f.or Al exa488 fluoresc e
anal ysis: F eth'4 9%5%%?‘%&4% lﬁé&%%fs plaC% lAﬁ a tj%jugﬁ P8ECat

least 15 min with at least one buffer change.

10 Mowieol/DABCO is emploved for the embedding, and the
sections {(unstained and stained) are analyvzed under a

microscope.

£) Microscopic analysis
15 The microscopic analysis of the specimens takes place
with a Zeigs LSM510. The following filters are employved

for this purpose:

for NP fluorescence analysis:
20 FSet 15= FilterSet 15 488015-0000
Excitation: BP546
Beamsplitter: FT580
Emission: LP 580

25 for Alexad88 fluorescence analysis:
FSet 46= FilterSet 46 1196-681
Excitation: BP500/20
Beamsplitter: FTS515
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. Exemplarvy embodiments



Excitation: BP500/20 Beansplitter: FT515 Em ssion: 3P535/30 30 A
confocal |aser analysis was also carried out with sone of the

speci nens (see in u far I.ng. the m croscope). e
Szynka Ti | néﬁw%fé éﬁqg’sglglzsﬁn% I{ml%‘t 6 - 36 - Exenpl %lrfygég K
enbodi nent 1: In vivo experinent: Ani mal experiment withiHT28.2006

xenograft tunors in nude mce with intratunoral injection of
neut ravi di n- anti body conpl exes accor di r;?é 5 to the invention A

specific tunor targeting of, anti Bo_dy conj ugat es according to the

i nvention \/\ra%‘ff‘éﬁzés@g‘-ﬁ-rﬂéﬁ-o' ‘experi ment on mice with.xenograft

tunors. For Irhi svpuopossperimmntcol dhimsli nexpetémentof wieh |-rr39'29
cell 10 line were 4 ecled subcut aneoudf,l y i nt g nudftm ce Era i 55—’@%

ogra mee
LILA *3 IU I.UIILIIQ aur v ol

t hymus and RS i....u.gg"“r‘ é‘lss"
a growh per:iirojslacd:fi@ weéksuewEbraméBhea:myleorﬂgarrmommlrelﬁeﬂsg aagpording
ant i body corgao Qe 15 a%,ce%ocrldo ng to the invention was prepared, or a

n

neut r avi di -ee-nrugét—e——aeee%drngtothernventron vmthabrotrnylated
nonocl onal ant i spwetyd. § ik edhinduer et@argd@hisg nonbcel endlibadyi bodpjbgates
directed ag &g% pbr ﬁ% d rsissPciat ed, 9lsyeo

transporter r}E‘Tgen (%%T?) q';ltgtr?%r s&’gggressed ogl rr%lrlry %C/pggwg
human col or estRerigeandi nGRasMiAet ewitht reeneerafti fjueton §oxt hehis
conpl exes, tﬂl&ﬁd&@r ShiRss LeIBdl atgld dddenti sl abl grvigial fy2 Hy ceed

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
biotinyvlated monoclonal antibody linked thereto. This
monoclonal antibody is directed against the membrane-
associated tumcor-associated glucose transporter 1

20 antigen (GLUT1l) which is 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

CUmors.

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



25 fluorescence with UV excitation. After up to 48 h after injection
it was possible to detect the conplexes of the invention in the

prepared cr i of ..t UgRLs ig. 1. Red signa

(conj ugate é@n_ﬁ‘gﬁzﬁﬁ{& rlTle:lLrtPlngm‘ti)ll ot nﬁe%%esz?egnti body agai nst4ZELEﬁL_7L_ K
menbrane protein). Specific binding to HT-29 cells but nolltbéoRBDfie
cells is evident (honpgeneous marking 3{7 the conplete tunor not yet
achieved). 35 Kenig Szynka Til mann vor ‘Renesse47 687 K 11.16. 2006 -
37 - biotinyl.ated_antibody agai nst_ G UT1 ne pr.otein). Specific
bi ndi ng <o HIg eaueY FR R cePR ey o Oy B ahed &
but not to rpedidicelbindineviadedT-2§Homddendoustimrdingcof vibenity
conplete tu hi . np y od] 2;, 41
Conparison o tﬁ%&inﬁgﬁgﬁa; o] %§$§pi§§$s é%% (ﬁgPengFH%ccg?%F%g 3
t he inventi evidenth GHotcedgrianus]atiioy nahopze t ¢ ehebe 630t LINC: 630%
by spect¢al Ia)@/']-% e NC630 nanoparticles are nanoparticles

havi ng a§Cd§%%2t-x Rgigdre and functionalized with COOH groups. The
foll owi ng values are evident fromfig. 3: 15 BP618 concentrationl. 67
jig/ml NC63Qcopaents i meh @/ .M BPE18 excitation 360 rinmb5 000
cps NC630 exci ' _ e cps 20 BP618 excitation 488 nnR5
000 cps NC630 eXeqmMRATbiPH8eCE | ntbe00d SR oWk tHe HPifiR}xels 618

concentrati Qmatdtidlf asd@r@fnd, £6f thke invention) with Crystalplex
10 alloy nanoparticles 630 (NC 630) by spectral analysis.

The NC630 nanoparticles are nancparticles having a

Cd84Se1-x/Zn5 core and functionalized with COOH groups.

The following values are evident from fig. 3:

15 BP618 concentration 1.67 ug/ml
NC6&30 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 BP61B material of the invention is a

factor of 10 higher.

This difference in intensity is very essential for the
30 use according tc the invention of the contrast agent
for direct wvisuvalization, 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



25 NC630 nanoparticles is taken into account, the em ssion intensity
of the BP618 material of the invention is a factor of 10 higher. This

difference in i. | I r ential, for the 30 use acgordiphg.to
the inventi grzl)nol?}t ?ng%’nt r&é%r%lggfflot% ?%)ern (f’l%eect vi sual i zat i o%? gbg Kon
medi cal application in surgery. Wiereas with the material 1of 16h2006
invention it is possible for the treating clinician to observe the
fluorescence directly and nmerely with @ﬁe_aid of 35 fluorescence
filters, the.NC%ﬁ% nanoparticl es woul d need additional electronic
anplificatigaﬁﬁ € made Konig Szynka Til mann von Renesse47 687 K
11.16.2006 - 38 - visible. ii) Characterization of the Bi oPixels 619

by gel filtratio ig. 4 reveals at e o) ol is.,16
m. This vallﬁg co%rhrSaeﬁg‘a &5 Wi q.hlogl St%{est]%%]an%l(%i% 1 0. @fgl n}?y i Pf%)l
Conpari son dfilrmade onunor after injection of EG-coupl ed Bi oPi xel s 619

NC630 napopar:ti cl ] i o) 6 i - Hi camt.l:ed
out by the %é"oépggég?ﬁﬁgéﬂ%ﬂ%égﬂ?b%%@$%$?H¥%i§%§stli§'%ﬁﬁlbrg%%?n
wer e enpl oy@dlugndATeliagest widdbparttiokess dlangaisiyt ot &0 -Bema.-
conjugated. After purification/concen- 15 tration with Vivaspin
centrifuge units, a total of about 14.3 jig of nanoparticles were

i nj ected i nfé-ih&EIRATLSPhoR DgPaphfc tHBRTMSHERY o1 5t aee BSF-
described 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 pug of nanoparticles (=
duplicate} were conjugated. After purification/concen-
15 tration with Vivaspin centrifuge units, a total of
about 14.3 pg of nanoparticles were injected into the

fumor.

Photographic documentation took place as described
20 under lc). The tumors into which the NC630 material was
injected showed no fluorescence (fig. 5a, see marking)},
whereas on use of EGF-coupled BiobPixels 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 sectioned using & cryotome
30 (section thickness 10 um) and treated for microscopic

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

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



20 under 1c). The tunors into which the NC630 material was injected
showed no fluorescence (fig. 5a, see marking), whereas on use of

EGF- coupl ed @rﬁg%@ﬂ@%&“ﬂ? Jdyveniona fluorescence igy gg7 x

distinctly evi see marking 25 iv) Mcroscopy of the
tissue marking in the tumor with EGF- coupl ed Bi oPi xel s 6191cfl6t.B&06
i nvention The renoved tunors were secti g)ned using a cryotone 30
(section thi ckness 10 4n) and treated f m croscopi ¢ anal ysis as

descri bed ahgv alysis took place with a Zeiss m croscope
(LSMb10) us?ér)lag cfe%%?% %@t ‘ecting the Bi oPi xel fluorescence

(see I f). The marklng of theturmr (see fig. 6; white areas on a dark

35 backgrouqﬂ) M ﬂp spne areas are marked | ess
strongly (see fig ere ot ers show stronger KuUnig Szynka

Ti | mann von bﬁ@ﬁ@ggewfesgmmrmeﬂétszwsth BGF- qrmukieth BseBikegs 6BY.
a) Exenpkary,enmhodl menfy ol Mr ijirg, Of; ntt‘i@?,relcl%]a% Wi G oupleed

Bi oPi xel s 619 5 of the invention wth intracell upt ake of the
bi opi xel s. IBiaRii*ekwse, a cell-binding assay was carried out with
HT29 tunor cells by the nethod described (1d). Fig. 7a 10 shows the

3P619 fl uorescence In this case, sone of the signals whose
f1 uor escencert SHIESRISERE @x cF USEVET AR BP6IBS R B2 B e ERT FaPRe @by Wi th

circles. Therfduoresseneeldé bie thet ikadcDd8Ss ywhalet ecipd Fagli ga
7b. The first antihody, op) oygd nere yas ap EGR antibody and the,
signals whose fluorescence is caused exclusively by

BP619 have been marked by circles. The fluorescence of

the antibody 2488 was detected in fig. 7b. The £first

antibody employed here was an EGFR antibody and the

15 second antibody was goat anti-mouse A488 (see 1d). Once

again, some of the signals whose fluorescence 1s
attributable exclusively to A488 have been circled.

Finally, £ig. 7¢ 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.



15 second anti body was goat anti-nouse A488 (see 1d). Once again,
sone of the signals whose fluorescence is attributable exclusively to
AA88 have bBER/EF2@Ped0lEPAally, fig..40c shows the picture £om&d K

t oget her f r3hyralendcFbGriiny of the signals reveal a col®tal§ Z224%n,
20 i.e. they are to be found both on fig. 7a and fig. 7b. dains 1.
The use of ¢lypkhescent nanoparticles conprising an inorganic core, a
passi vating Tayer conprising an 5 i m dazol e conponent, and specific
l'i gands having a hydrodynanic dianeter of the inorganic core with the
passivatinglL| ayieé ekencdf NENecrREdeh? ridhomef £¢Bd Y cohpRobiAgr ean

than 10 rim artlcularl preferably.of not e than r|n1 as in
Vi vo contra%? YNt S 16°%ﬁaraétepafé&vﬁﬁ19ﬁétqgﬁ’ s FHow

an em s&i onlmiddxﬁcs?seth:ammﬁﬂﬁentm and t#;meqmmdrash@mm |1£ax&uigabsle
for local applicaplon in Jugpns.. 2¢ the useopsachal i nykbe cne

preceding ¢ erized rn anopar 9 e¥are
adni ni st er qdamlvmmgehagyst efii valtl worieocdlany 1or mommﬂqrably RE
The use as [ n heynof .t h tgﬁﬁﬁ I
mar ki ng in I(sfum?glcae‘=l tﬁé%sc%%lﬁmor%ﬁgélna Eggﬁﬁvgggﬁé |nt ventlons.
4. The use merel aiHepanin ammof t#e priEtediWe! aitRRtask actaé?qlzi'ed
In that o he hAL PeLtiglEs qu. tiggal | ¥ngS ifclyderaicieast B an

nodi fier. ) e use as clainmed in any of the precedi ng clains,
characterlz%@P$$#@%a?ftﬁ@SFnGP&§nﬂ@ cHfe 06 (Fite CRLIERY eSQ%Ft is

conprisi ng gebtgp1et pbratessl applerablynaildOnehaster having 2 to 27
atons. 6. The use as clained in any of preceding clains 1 to 4,

characterized in that the inorganic core conprises an
al | oy/ sem cpnduigé or user e, aghercldine=dor énhastise 35phenmedéngousslaim,

conpos i on_.and | char cterlzed ba ap [ IS

non- I| ar ?Ha¥%? ?%ﬁeso t he' nnl§¥a?atlgggg gggagxgggkggﬁducf%ﬁ%
-41- 7. Theaﬂmenastetednedn|1xnnﬁqﬂailaﬁmstamioahlychaﬂ@@ﬁé&&Zednrn
that the |n90§fgé£ﬁfore conprises an alloy of a first sem conduct or
and of a second Sem conductor, where the concentration of the first 5

sem conduct or increases gradually fromthe center of the core to its

surface, and the CQQEGQErE‘&?QHle&f 10N 130N 1S L QUKL D Sl Qe LA8LS

gradual |y fronlt e center o he core to its surface. 10 8., The use
as claiafed feoretinsueonackangs 1o SHFLcadhaCAGOSCORAS iF tHAg malL

| east one of,the;sem cEBEIELERESHES a group |1-group VI senlconductor
or a group Ill-group V sem conductor. 15 9. The use as clainmed in any

of clainms 6 to 8, characterized in that the core conprises an all oy
sel ected fromihe geeupofcihtméel lawiary abt oyhe GadSebdingdISmins,

QisTe. Znsele, ancile, GiHS. GltoTe, I noals,  GRALRs, 0GRIL LR

25 include at least one modifier.

5. The use as claimed in any of the preceding claims,

characterized in that the inorganic c¢ore a cluster

essentially comprising noble metal atoms, preferably a
30 cluster having 2 to 27 atoms.

6. The use as claimed in any of preceding claims 1 to
4, characterized in that the inorganic core comprises
an alloy/semiconductor core, where the core has a
35 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 10. The use as clained in any of the preceding clains,

characterized in that the passivating |ayer conprises at |east one

conpound able to coordinate with a netgl_ atomor netal ion and having

a Lewi s base fugétion or a 25_heteroaromatic sgftenl 11. The use_ as
1

claimed in étatfAP10uS€hafict 8+F288Y n1Rha®™ Y helF mi e3HPe chnpbPent:

conpri ses oBRafhcHBEFEzeaNHAUNESaSekiet ethdrgpAidecdob| @wimpg iGedl pan
hi sti di ne, 3$}carno anser.i ne, bal ei honbcar,nosi.ne

%ine X< ae L , a
hi sti dyl pheR§t 8 anihe, %yctoeHr st P PRRAYFEPEN ABY 5°4m ifb- 438c0n

i m dazol ecasbnxaondecthirst i Wyeteucihe, crmemntapttdon of the first
i m dazol.g, bqgg- hi st l.di hy. i i Sti_nol.,

1-net hylfi s?%ﬁ?%éh%}gkﬁggﬁyl ﬁ?%%ﬁ%% %];1['13 aza(%]l)ysi %E?m?,ghe center of
i i dazol e- ctheaiconey we nithi sarfecg., Snfkthyei sPdaeskeption of the
| m dazol e- FeBLana N WU ddet&dses gradually from the

(2-1mdazol al pha) al ani ne), carzinine, hiStam ne,” each of which
may in turncBBteubefi theedob§ FeadtPveurfage.groups (for exanple

am no, t hi ol , carboxyl or carboxam de). 12. The use as clainmed in
either of clains 10 or 11, 5 characterized in that the passivatjin

| ayer cidhpr Psedhg dFH%sF?nk%4a¥%ﬁdcﬂﬁ%s?%ﬁk?ﬁg‘F%ec?ﬁFng eand 7,

conponent. cha#dctéheze8e asncl aiched | Nad ai Mekdt chasraet erdzed tive

t hatt hecrosslinking ¢ onent conpri ses 10 al kyl.phosphi ne, and/.or_an
A1 Kyl phospheFELHEREVEERYS 114 hetR oo tabmePR: Jo0 RRP b ) 7 4
to 13, characgeoupetdItngthap Vheembddohdersocare sel ected fromthe
group of the follow ng conpounds: polyethylene 15 glycol,

nmonosacchari des, disaccharides, trisaccharides, |ow nolecular weight
pol ysacichar PdeShehydsephiki cckpimafinsinl i pophi pfc viaamenst faetys,

aci ds, pol yghepngls ekl ofln ghoe achds. cHPaSPeGhbE £sDEPinleSaloy
proteins, phosp orch oline, polylactate and 20 derivatjves of_said
conpounds. seisctaghafwaBeutheal G&AYEsi AfonddHr i NP HdbpaR 1 ey es

conprisi ng agskRar JafigsEor eaBTRASSENGETEY | AuRITaNdcaRes) f | cakgoands
having a InGaAs, GaAlAs, InGaN, InGaP, CdSe or CdTe.
20
10. The use as claimed in any of the preceding claims,
characterized in that the passivating layer comprises
at least one compound able to coordinate with a metal
atom or metal ion and having a Lewis base function or a

25 hetercaromatic system.

11. The use as claimed in claim 10, characterized in
that the imidazole component comprises one or more
compounds selected from the following group: histidine,
30 carnosine, anserine, baleine, homocarnosine, histidyl-
phenylalanine, cyclo-histidylphenylalanine, 5S-amino-4-
imidazolecarboxamide, histidylleucine, 2-mercapto-
imidazole, boc-histidine, hydrazide, histinol,
1-methylhistidine, 3-methylhistidine, imidazolysine,
35 imidazole-containing ornithine (e.qg. 5-methyl-
imidazole), imidazole-containing alanine (e.g. (beta)-
(2-imidazolyl)~L{alpha)alanine), carzinine, histamine,

each of which may in turn be substituted by reactive



25 hydrodynam c di aneter of the inorganic core with the passivating
| ayer of not nore than 15 nm preferably of not nore than 10 nm
particularly preferably of not nore thgn. 5 nm characterized in that
t hey show an _em ssion_of from600 to 700 nm eferably from 620 to
30 650 nm gE%?p?hepE59ﬁacéﬁﬁ?TEﬁ%xnnﬁﬂﬁQQ'oncgﬁﬁPising¥ﬁ5%8§§?tic?%s
as cl ai mred carbbaamid8) .characterized in that they additionally

i nclude at | east one nodifier. 35 17.

Thephar maceut i cal conposi ti onconpri sing nanoparticles as clainmed in
ei ther of clainsThs wselags chhaioedr ireciitherhatf t hbaimsr danico cbi e

rererab y SafactErtipt 5o TAY Andl PRI IR Sramr T o
silver and esppelinkergforhephasaaskinucsheckpodrepdaconpoprseng.
nanoparticles as clained in either of clains 15 or 16, characterized
in that the%ﬁnor%gnic core cogp[isgs_an %:Ipy/ignic%ggpcgé&_c%%:“
where the céfe hald®aWenoHen€oB3MEBNpPdsi it ahd: | SIERACIELEECEed by
a Pand-f 1?hgﬁ,?tenertwé \Ahid@f?éﬁm&i ﬂég neagohpoh&hal i R riiRe sl ain
ratio q e sem conduct Qr.s. . , , )
Thepharifacett KELPRORBBLNEI SREGA: FE AYKKLRBRSPRiRFederivaEaPRed in
either of clains 15 or 16, 15 characterized in that the inorganic
core conprises all oy of a first sem conductor and of a ,econ

cor conductTE- whabe e ashcBREERERor bf P FF r LN cdnater or®-

i ncreases grhdvattgrized time tlemt ethef mdd fdens taret sedwctade, £eoml

{rom the conter SFotRe Sor o ig | o LT ipe, Lrpuifs! CHay SPtc Y

fromthe cen e core

Thepharlifaceatyeal compossacehesigiessi iy saavdpaices e scuisatcharmdisn
ei ther of ci@gfm Jf Qutkds Z@e%@ftaCtﬁél\.,%@chHaH@és?t l1east oiner O

the sem conductors 1s a group_II-group sem conductor or a group
I11-group WhEANE®Rduct ofiPopilic vitamins, atty acids,

Thephar maceybl ¢al 66HPLS| t TEACOAN bHIiRG acids, nonspecific peptides
or proteins, phosphorylcholine, polylactate and

20 derivatives of said compounds.

15. A pharmaceutical composition comprising
nanoparticles comprising an inorganic core, a
passivating layer and specific ligands having a
25 hydrodynamic diameter of the inorganic core with the
passivating layer of not more than 15 nm, preferably of
not more than 10 nm, particularly preferably of not
more than 5 nm, characterized in that they show an
emission of from 600 to 700 nm, preferably from 620 to
30 650 nm.

16. The pharmaceutical composition comprising
nanoparticles as claimed in claim 15, characterized in
that they additionally include at least one modifier.

35
17. The pharmaceutical composition comprising
nanoparticles as claimed in either of claims 15 to 16,

characterized in that the inorganic core comprises a



30 nanoparticles as clainmed in claim?20, characterized in that the
core conprises an alloy selected fromthe group of the follow ng
al l oys: CdSeTe, CdSSe, CdSTe, ZnSeTe,.#nCdTe, CdHgS, CdHgTe, | nGaAs,
GaAl As, In@N, InGP, CdSe and CdTe. 35 22.
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Conpounds the core to its surface, and the concentration of the

20 second semiconductor decreases gradually from the

center of the core to its surface.

20. The pharmaceutical composition comprising
nanoparticles as claimed in either of claims 18 or 19,

25 characterized in that at least one of the
semiconductors is a group II-group VI semiconductor or
a group III-group V semiconductor.

21. The pharmaceutical composition comprising
30 nanoparticles as claimed in claim 20, characterized in
that the core comprises an alloy selected from the
group of the following alloys: CdSeTe, CdSSe, CdSTe,
ZnSeTe, ZnCdTe, CdAHgS, CdHgTe, InGaAs, GaAlAs, InGaN,
InGaP, CdSe and CdTe.
35
22. The pharmaceutical composition comprising
nanoparticles as claimed in any of claims 15 to 21,

characterized in that the passivating layer comprises
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at least one compound able to ceordinate with a metal

atom or metal ion and having a Lewis base function or a

hetercaromatic system, preferably an imidazole
component.
23. The pharmaceutical composition comprising

nanoparticles as claimed in claim 22, characterized in
that the imidazole component comprises one or more
compounds selected from the following group: histidine,
carnosine, anserine, haleine, homocarnosine,
histidylphenylalanine, c¢yclohistidylphenylalanine, 5-
amino-4-imidazolecarboxamide, histidylleucine, 2-
mercaptoimidazole, boc-histidine, hydrazide, histinol,
1-methylhistidine, 3-methylhistidine, imidazolysine,
imidazole-containing ornithine (e.g. 5-methyl-
imidazole), imidazole-containing alanine (e.g. (beta)-
(2-imidazolyl)-L{alpha)alanine), carzinine, histamine,

each of which may in turn be substituted by reactive

groups {(for example amino, thiol, carboxyl or
carboxamide} .
24. Nanoparticles as claimed in claim 23,

characterized in that the crosslinking component
comprises an alkylphosphine and/or an alkylphosphine

derivative.

25. Nanoparticles as claimed in any of claims 16 to
24, characterized in that the modifier is selected from
the following group comprising: polyethylene glycol,
monosaccharides, disaccharides, trisaccharides, low
molecular weight polysaccharides, hydrophilic vitamins,
lipophilic vitamins, fatty acids, polyalcohols, Teflon,
amino acids, nonspecific peptides or proteins,
phosphorylcholine, polylactate and derivatives of said

compounds .



