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av33 integrin is a receptor for extracellular matrix (ECM) ligands such as vitronectin,
fibronectin, fibrinogen, laminin and is also called "vitronectin receptor”. Most tissues
30 and cell types are characterized by low avB3 integrin levels or absence of avp3

integrin expession. However, it is overexpressed on endothelial cells and smooth



25 EP 719 859. Murine 17E6 was generated frommce i munized with purified
and Sepharose-i mmobilized human av1l3. Spleen | ynphocytes from i mruni zed

m ce wer ewbusadswiovh murine nyel ona cells and one of theCTaEpadiong3

hybri donma cl ones produced nonocl onal antd body 17E6. DI -17E6 is an anti body
havi ng the bi ol ogl cal characteristics of the nonoclonal nouse antibody 17E6

but with inproyv, roperti.es 30 abqve all h respect to ipmunogenicity in
hurans. CR R aREr AN PHBR b,y PGS AREEIALY i bIas essals GomoaanLlaionno

aci d segyanae ﬁ’ét&n’ﬂbﬁs ikbfri BP, BREIYIDAT & 852.
The anti body %as the f [r[:_q ov(n ng se%henc%A ‘\J/\g@gﬁ%%? @PE@%N/%@@MS -
4 - (i) Therefars, dt maamppaﬁnt funghon dhising angingemesis. (JSE@IIMBQNO is Ipvoh@d

PKLL, | YYT, SKI HS GVP.
SreSocArBET Uo il Bierolock tngrpaiasrisie ankpp

SDEQLKSEREARIWMWSH Ay W@N&@%@%ﬁ&ﬁ Martidez INMSJa dggle CS, et
LSSTLTLSKADYEKHKVYACEVTHQGL SENRGEC | nd ( i ) vari abl e and const ant

heavy chhihCelR@n&Ss; 1BEQPt @) %2543)838 ddeyaKpPdal sohers Coiedpyan F S
bR 1 (AT, AU bods ST TR AR L

VGQGT TVEBBASTFHEPS ¥EEh ABCBRSSISERTAADCRIINREERYIY/EXIESs bh appears to
ALTSGVHTFP SLSSWTVPS SNF C\V. NTKVDKTV EPKSSDKTHTCPPCPAP
PUACPS\ EORPPIPRDILINE SN PEY SRR EdEase (Hrooks PL, Strombiad S Klermike R

VQF N VOREMENAK B REEA QS RE RAYSYA TVMHER NS
SKT%REPQ/YTLPPSREEMTKNQJSLTCLV&GW PSDI AVE H%‘EW%RAQ%B& FFLYS
KL TVDKSHRemeanr 8, ddusiaBiHRomeErtiBSL Sheraskh DAl nd Glirlavestese ant i bodi es

bl ock ¢ S gration and it induces cell detachment from
Vi tronei??%%gr@%@{%gw%?e In endothelial cells, it also induces
apoptosis. Effects are | ncreased in conbination with chenotherapy. In vivo,

DI 17E6Ahtagﬁ(ﬁstgrdi\lwtbgnh aveBar oy prevent hw?rbunnmtmﬁdr -BEsudistedact or - 20
SIS Therefore, 17E6 as well as DI17E6 mAb may interfere

i nduced a gen

both diP @6’% $hPwlAlsP PERYGke thedegrassian eipstablighegenears in NAVP} ans F,
Sander t t

1995?51088{ 6%? éﬁ'??é’%ﬁ 3htago it Jéa'{rg’(sagrﬁ,ém@@%?"@??g%h%#eéf&&o%ﬁ %d
Jonczykag pokéntighaintiadgiogenicastrategies, Lﬂnmatieg tiztbe &teGyin KAB34A8Y be25 Ot her
anti- a 3 ntibodies areg . for .e taxi.n or LMGO Chenot her apeuti c
Soent s Brmbteil et Shaifathia B By Speiic BntRndiogeTin Tt 1t wne
shown t BeyrealRiy RivhdrAagrodit aiNd ddbvasc@aliatichiasivid bé .r?ot?ebé.ﬁg thoaghBer or at

| east in conjunction With anti body adm ni stration. Mst of tThe known and

mar ket edpaptotictindex [Brooks &&r .ddontgemsry &dd, Resenfeld Mn ReisfelddR Aatiuoh, Klier

or 1 11 ot &bah. ERENERAr S oS T dBr ERE R Sl RURT B el T o
provi deMifardFi Piutate ), iMontgbafegy AM Yetan. aDamced Rt 99089 (1ixip4.3780)nked
directly or |nd|rectly to the surface of a

Monoclonal mouse antibody 17E6 inhibits specifically the av- integrin subunit of
human integrin receptor bearing cells. The mouse IgG1 antibody is described, for
example by Mitjans et al. (1995; J.Cell Sci. 108, 2825) and patents US 5,985,278 and
25 EP 719 859. Murine 17E6 was generated from mice immunized with purified and
Sepharose-immobilized human avR3. Spleen lymphocytes from immunized mice
were fused with murine myeloma cells and one of the resulting hybridoma clones
produced monoclonal antibody 17E6. DI-17E6 is an antibody having the biological
characteristics of the monoclonal mouse antibody 17E6 but with improved properties
30 above all with respect to immunogenicity in humans. Properties of DI17E6 and its
complete variable and constant amino acid sequence of this modified antibody is
presented in PCT/EP2008/005852. The antibody has the following sequence:
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25 Other anti- avB3 antibodies are for example, vitaxin or LM609.

Chemotherapeutic agents are generally used in the treatment of cancer diseases.. It
was shown they show extraordinary tumor cell toxicity if applied together or at least in
conjunction with antibody administration. Most of the known and marketed anti-tumor
antibodies are effective only in a combination treatment with chemotherapeutic

30 agents, such as cisplatin, doxorubicin or irinotecan.

Therefore, the problem of the invention to be solved is to provide an anti-integrin,

preferably an anti-a, antibody which is linked directly or indirectly to the surface of a
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A major goal ih nanotechnology research is an active targeting of

nanoparticulate carriers with the advantage of an efficient accumulation of drugs in
tumor tissue to achieve higher drug levels in target cells. Therefore, drug targeting
ligands of monoclonal antibody origin are often used. This invention describes

30 the preparation of specific human serum albumin based nanoparticles loaded with a
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agent a DI E6 based
ag spem?gegn oxor u étfgég%%g@gﬁégﬁdo@glﬁgﬁj W%?'Lﬁ'a? §bé’5’f? ﬁa i@%tem
whi ch i shighee thes fnatareemaslsamf themlbraeenabagm‘it@mneﬂ*tml@né thet latder iy tragent
and unm)dlfledfna t Strategies.to specifically transport

cyt ot oxi EXEFTGL qrﬁfd%%{y r'&@f'? ﬁHs gf‘ﬁ%ﬁ‘z%t@” RIOFeSS Eciiiied-righably kyf f ect s
and npni Gisafideydrid ﬁjrﬁ%ﬂ%ﬁ?&%aﬁ&ﬁo%“ntﬁh&@rﬁd?é&f|8§t Many nanoparticl e

formul ati ons have been investigated in this context (for review 10 see
Haley et_al., lit. cited). For exanple, there are FDA approved |iposomal
doxor ubi Ehf aERefieation elie iptrestucest tinligyaupy bywigingy2-oeinbtiolsmer at, fdre

th di d d
Pvor ki ny N BIGE rSABR 0045k 81eP EgobQeRHRR oS AES 3F aland s coa i
1999; 28925t 44 8- foldl Bdlarkhtoarss of 2einThbthicharst .s%cégéwfolplaﬁeﬁm hidfBtion. Drug

Saf 2001326 &12335903 15 920; . Gabizon A, Shneeda H, Barenholz Y.; din
Phar macoki'h dhe inqubatipndime agd thesiargar e, mV\P@I&!ﬂeNS of thsathiglaticwsso R,

Gi SQE'kere%geﬁ@mé)ﬁfbr@thlgt% gg/a%ﬁlﬂogg Ih g%oiﬂfro&éé%a ﬁ\%k#rgtéﬂf AR

exanple is’the first nano or e(r)
appr ovedmigjecutes. mtnmbage&f Ol essulltsawith ar ¢omb&3nserdfah|mattm éfﬂ&l@ﬁby?lbhﬁ
drug 20 acl i t?.xel to,the goor sol ubi of paclitaxel in wat

there ar®d & 74 Pgttﬁ?hg?’ oyl Wikt RRJaReteSs q%ﬁéﬁ'{q%glpé‘f’@cﬁb@ﬁdf XREcto 2 B)@E’Id li ke

i ncr eases fald madldrekeésTONEMMinotiibRAs, hi gher doses of delivered paclitaxel
and decreased infusion tine w t hout prenedi cation [ G adishar WI, Tjulandin

S, Davidson N, Shaw H Desai N, Bhar P, et al. : J din Oncol 2005
23(311: 77984 qg@%lg@@@arn af ther PUFEG, antibedy it casube showpshal DE| 7EGibinda, toet

o i iy 4 The inventi vi des a
nanop;grt i cl g yéltegﬁft %gsl@igéﬁ{(ﬁ %?lé%h' HlLﬁﬁr glﬁ‘g% body fe %H%‘E tﬁﬁdﬁ’@l ds
pot ent i alThe oahapariclasuarershoain as ghayt spﬁmas ln gie SEM Ffé&!r@@ ivh réhgéto?grsons
and/ or inhi bi t .@.ggbg esis b ta&%eti ng of endot hel i al cel
i nventi Vi 1%32’1 $PURINeyOn ¢ §H épemsg@dwegfécshwn Hmrman
serum 3Gnal Qﬂg@;ﬁbﬁ‘g%ﬂﬁgl‘éé&hﬁfﬁ tostatic drug doxorubicin.
By the use rof DI 17E6, a nonocl %%@ﬁqgﬁtth:gb A(]?/ggﬁ?g%t ed against av integrins,

for covalent coupling .
The invention demonstrates the specific cellular binding and cellular uptake of the

25 HAS nanoparticles modified with different anti-integrin antibodies, such as av-specific
DI17EG6 on av3 integrin positive melanoma cells M21. In contrast, no specific binding
is detectable after incubation on av-defective melanoma cells M21L. The loading of
the nanoparticles with the cytostatic drug doxorubicin has no influence on this
specificity. The control nanoparticles with unspecific mAb IgG on surface show also

30 an unspecific cellular binding and no intracellular uptake, they just stuck on the outer
cell membrane.

?



WO 2011/ 057709PCT/ EP2010/ 006443 - 9 - on nanoparticle surface, the specific
cel lul ar binding and cel lul ar uptake of DI 17E6- nodified HSA-nanoparticles
on av133 wotegrdisn7oposi ti ve nel anoma cel | s_can be shown. PCh&EPRé10/00GHE al
activity of the DI 17E6 anti body is pr eser{ed duri ng nanoparticle-
preparati on showmn by two bi ol ogi cal assays, the cell attachnent and

s e e R oL S 0T oSl S By PR b P e
is nore ebhbgasitle biérﬁi@ét%&%hé\iﬁh!by'tHElé}éﬁta'tt%Ehitﬁ‘Letnlf‘a Elg%é%&ﬁﬂéﬁt assays. In

nanoparticles, conpared to cell incubation w unl o anopartrcl es.
Fur t her n6age of Rl §7 66 Uepthasseys mam bpaed codhafactitbatthieanaionce inattaxdsné aisdrer

cell dea f | Gl Thi , ndi ng of_a higher cytotoxicity of
Che. dr ug iSRRI CheRd Qifaees & dhnclil fyad Plbdhe au Vi iedhis e aRtnT ¢/
i s suppochke bifronecth reseptbr | THerefd$s,29h inhibitemef e B3 Intyriny/RAHE RS a
provi des drug targeting system based on nanoparticles, preferably HAS

nanopar t Fefachmei &l @lrgedy altachedcslls or inhibitsnberattaghaant of sgstDHIgEMash an
anti-int [ ﬁeﬁl{g ' - ' sych as 15
Dl 17E6 ig&(rl:lc?\%a ent yﬁf:oc()jtq;fpréltde58%%rﬂé@é€ééﬁﬁwlaﬁr@£r%%ﬁ%§ @wo?‘ﬁgﬁéfxﬁggfree
cyt ot oxi integremsiteT s cvtpositiveometdncpecells M2 1aanmeto indibM the sttathmesdisng in
t hese napo a§r+t,§ir10u' ﬁte fﬁrrml ?%{ Ol;%g:l eags }‘o an i nprovenent of cancer

t her apy. "AsCHET YROPELHB OGS SHIRCSR: M BUNBe. dhRicran defachilfeadss, on the
one hgndattachdPe&ilSwhaRd®en Qﬁ%ﬁmaé @ﬂnhﬂﬁioﬂ%?ﬁfh Q%BHtrfﬁﬁaﬁtmay[ﬁ%vnq &lils{ he

angi ogenesis, is a prom sing for cancer erapy. us, n
free DI 1ifte influengesen cak attachmentdilinilae dbsenvations) can aeadadandtresthiee! es can

act as d3{*@&55‘89gﬁfﬁiﬂéﬁ%&%&b??fﬁ’%ﬁﬁéﬁ%r apy. In summary, the invention is

directed an anti - y nanoparticle conjugate, obtained by
linking covalently an anti-integrin antibody or a biologically active

f r agnent Atgezakiaifdetactirhenskinbtic stuely of tRS piffsrehNnawopRBEllaR) Rriistibnaas pri or

treated w % h a &hermt her apeut}’;%a ent: _a respective antibody nanoparticle
conj ugat 8 TGRHEYIAXIE AJEhSTHA Q%@Pb@l%@@ﬁtr%@elwd&iawwateﬁw on to
t he prot gd apoRsdd ¢ ; ' i | | te,
wher eiSn {@hsgﬂt&r ot el nEI %ﬁ?@gg??ﬁfggg‘gwg é?'P]?ﬁgﬁn@gﬁﬁgﬁf}%ﬁ@%&%{@@%mov. ne
serum al BUWES aadAhe NRADoXeRINV7ES; 0D PETAERIOBRINIBAAEE nanbParticles s€speast | ve

ti bod icl jugate, wherein th ticle djaneter of th
it r eat LI OB ATRAf S APHHEN. & M eipEeino 180k frihedasianngiaionrelise)
bet ween d&&hasnothbdbxbTubich é@&ﬁﬁﬁﬁ%ﬁﬁn@éﬁﬂi@l_@%h&%g@@é& GrubfyH, ugat e,

wherein the particle dianeter of the 5protein-nanoparticles treated with a

chenot herapeutic agent is between 300 and
The IC-50 values of the MTT assay also support these findings of a higher cytotoxicity

20  of nanoparticulate bound doxorubicin than free cytotoxic agent. A lower concentration
of NP-CA-MADb (wherein NP is nanoparticle, CA is cytotoxic or chemotherapeutic
agent and Mab is monoclonal antibody), such as NP-Dox-DI17E6 (wherein Dox is
doxorubicin) is needed to decrease cell viability than of free cytotoxix agent to induce
the same effect. The specific DI17E6 modified doxorubicin loaded nanoparticles seem

25 to be better in cellular doXorubicin transport than free doxorubicin. Due to the
ineffectiveness of the DI17E6 modified nanoparticles after incubation on av-defective
melanoma cells M21L and the effectiveness after incubation on av@3 positive
melanoma cells M21 the specificity of the NP-Dox-DI17E6 can be verified. The IgG
modified nanoparticles were ineffective on both cellular systems, the av33 positive

30  melanoma cells M21 and the av-defective melanoma cells M21L.



400 nm preferably between 350 and 390 nm a respective anti body
nanoparticle conjugate, wherein the anti body was |linked directly or by a
| i nker t owOhle11set0ei n- nanoparticle via a %u[fhydryl gr orpTiEPRO100NEIEE | Nt O
the anti body nol ecul e; 10 a respective ahtibody nanoparticle conjugate,
wherein the chenot herapeutic agent treated with said protein-nanoparticle

i | f th i st f: cisplatin, d bi cin,
et e B AR AR B8l RO oo s B W bt ve
nanopar t iefeetive® i wait Bgantheiodiffed AencparidesVad sMkes by NRICRAL Iy shthzé‘% the

protein-nanoparticle is selected fromthe group LIVB_Og, vitaxin, an
and 15vali\@ntientRievides;an antikadysspaaific ghametbgranavticagent leadeshpangstasticle

wher ei n e ' [ | s,/ .t h doxorubicin and
the anti oo RBRELE RSP Eblcafly T pEYEA Bited BviBRBE M dhbine: ™ o
phar mexc elgadesl namoyEoticulatnd cagardgetings temniviniddig MEROSMEIINE tarceR fugat e as
20specifiged algove in.a {loh?r macol otgi cally effective anount optionally
t oget her SUFTY Iaer(?QFPF"é?F Ok AIEPT AR upMadified Raponasticlgs. an ant i body

nanoparticle conjugate as specified above for the manufacture of a

medi caneStratéyict e speeiftam M traRépdrtbFRlodt 8RRRSRI0 tumort%e?lg iﬁ'&hjtié’#otgy

nanoparticle conjugate as specified above for use in e treatnent of
25t unor  H1csease gnti-capceneffeds ZndopmimizrD X B/ Dos-eifectenaric- ahhiginintbrdy. show

cell dea ' || _attachnent/det achnent assa

conpri si M}l e'f%g&%aergéllgﬁénﬁg'tagabgHgyéggﬁpd?\éesﬁ'gg%# E‘ht?‘fshpeo A Grpview
speci foi caéé Halepeasal. Ritspitad)i Fer Eidmpry) aneretdre! FISA appas i hddimanvent i on

| oaded wiith a 5 chenot herapeutic/cytotoxic agent and |inked to an anti body
show cel AOKYSDICIALNERPSWRTIORS é%%@@laelyd@ é@&%ﬁﬁﬂ%hmmthmer ein the

ant i body 4} i i ' . S _nhot rise

i ntegri %apg\égp CA‘?E ‘?{grmcghﬁ‘t%ﬁ'gggﬂ?%%@dcgﬁgBf"ﬁbﬁaf%g? ggﬁ a?%%éﬁ@n?@goxi c
agent shB¥s NearvmaFéAShSUHivanc'lh Yansilygtberdl. aﬂtmrarmavﬁhﬁﬁﬁmher h@obrpsaiei1 t'1128-O| _
systemn anilclex ' wer. pr ed with the cytotoxic conpoun
but |i nkiggfg’\}aﬂﬁe%?ﬁf'ﬁwgli?’idﬁF’ﬁ%%ﬁ—@?gﬂﬂwBeéﬂfua&'ﬁfﬂogé;ZﬂéHZ):a 3free
ant i -isnt 990, GabFonRAShRBEda S | BarBRhok B AERH F%hrma!coking?%ﬁg %ﬂ:% glhe

anti body nangparticle conjugates according to the invention'le to a cell
death i n4§6;®E€¢@iMEi Wiglgh Ak inbardVIDRDss ¢ B, GisThice IMNEEMTOMNA, et al.: Ann

Oncol 2004;15(3):440-449).

A further example is the first HSA-based nanoparticie formulation, Abraxane®,
approved by the FDA in 2005. These nanoparticles contain the cytostatic drug

20 paclitaxel. Due to the poor solubility of paclitaxel in water, there are a variety of
advantages for nanoparticulate-bound paclitaxe! like increased intratumoral
concentrations, higher doses of delivered paclitaxel and decreased infusion time
without premedication [Gradishar WJ, Tjulandin S, Davidson N, Shaw H, Desai N,
Bhar P, et al. ; J Clin Oncol 2005;23(31):7794-7803; Desai N, Trieu V, Yao Z, Louie L

25 Ci§, Yang A, etal,; Clin Cancer Res 2006;12(4):1317-1324].

Here, The invention provides a nanoparticle system that specifically targets av-
integrins and holds potential to target tumor cells that show high expression of av-

integrins and/or inhibit angiogenesis by targeting of endothelial cells.

The invention provides specifically the preparation of target-specific human serum
30 albumin nanoparticles loaded with the cytostatic drug doxorubicin. By the use of

DI17E6, a monoclonal antibody directed against av integrins, for covalent coupling



Nanoparticle preparation: In order to attach DI 17E6 to doxor ubi ci n-| oaded
HSA nanoparticles, a heterobifuctional NHS-PEG Mal |inker was used, which
on the omeEohlandsrwacts with the am no groups on the surPatEPed100KE4HSA
nanoparticles and on the other hand has % he potential to react with
sul f hydryl groups introduced into the 20 anti body DI 17E6. Thiol ati on of

DI 17E6: The introduct | f thiol t o antihodies b the 1 f
oxi dat | 9B NEORErie SHPERA RO ERATHY 8 68 Rl B ST I TR
ol i gom%@@;@aﬂgggﬁﬁmcwam Rite§iin pB5AVE mdfanb@agsilisican b snawar i al s

2006; 27 Therefore, fomation of diners and oligoners is
eval uat Ftethjolsiginal extivitysofohedd! 1Z EB@nibedy i® RiesesrEs) dufifg panaRAbista on

iods of 2,.5 16, d 24 h w. - Lot hi t t with
hcr easPHPATAIISh splA DY ME> bRt £55al B 18 o UBRAme A datippeht'at ™
retenti ggshy MEnbinidWagig PG handdetioliatenfetaglation Has s inflaehye pnodednged
(Figure 1A). Additionally, the peak heights decreasedﬁand t he geaEs
br oadendetadbsnent asssy. RyeaMeie: thescelt detachimgest 1§ BrEm efficiant am cpre 9hSel on

time of .2 h_.. : - - PG i
chr ot S5 BRrERARET QDR rter Slles et ed 4 2o PRUbBRUN Wit micaded
Mol ecul aanephgities: Furiheatioos, ths BTG loadehhanoparticulbte farealaticspindsees s a
conpound with tw ce the nol ecul ar. weight of. the or.iginal antibody yth
onger  fastapaed SRt s (3 derorabith) s idiabrE & etk BreBMul Shipe Srkd
ori gipal L cat d i J ¢ sl Red 898 cell
for% ié%&t?%ls‘g&g s@?@% %E%sdd?n'g‘?éé‘ﬁgﬁ‘é%%E@S?ﬁm@lﬂggyﬁg?d e%gesgeof 2-

i m not hividtkdlitg asBegur e 1B). The numnber of thiol groups introduced per
antibody is quantified by disulfide binding with

5,5'-dithio-his:2(nitro- i C.aC] ' ' d
noubat 1B AO0PHEETh Qe e IPP RIS RE Hhus Rrb b fystERfRo o aRGaRRIcNa®

ol i gonensefeRhBIYEAS hdnopukidiedioadet vath aicptatéiol shemaithérapebtic abent 0 f ol d,
50 fold, and 100 fold nol ar excess for 2 Hi gher nol ar excess

h 5 h. .
and/ or Ivghigle AN A LIBIEIFhraGener am%@xs@r%@%m@)@ﬂ“ﬂv LAY gPUEIHES per
ant| 250 Y14 7EBY fse%@&er\‘@ %J[?E(Ij gﬁ%%@?g m?F%Oeg@c@nththtathéQréceoéago{&i@r

excess leadsto whereas the 100 fold nol ar
excess |Rpms Tioe to@Bindlioddoft spiecificitargetimgpsittadtudloagingiinttbese 5 h i ncubati on

iod, 50 fold I ] h 1.2. 0.29 00 I 2.9 0.12
Ph of  grRNeBPERLE 9 egas R od IROYEmBILP! FRIEe- PR Bopar ti ol os
are pr epaLethid 9658 578 Wil 'bﬁsﬁ%é‘ﬁd': bi#RAHibY, i WHeabrd Hahyde with a

ite
st oi chionetric crossl’'i nki ng of I100%0 the particle matrix. The .
nanopar thlotlemedamoraatgrowthedndionithe otiegrdiasnst fouRbibitaNgiogRNISH ISt A RFAENSIDI

gl ycol ) a- | ei m de-w NHS est er - 5 i :
succi?fi rﬁ‘égﬁ%g?%?efé CHYhox sp%ﬁg{/\#_@( ﬁ%cﬁ%g%dﬁ@%%ﬂ% stgwgﬁlﬁ@&ggi @Ba'ﬂed

( MPEGE 0041y ohBsd @inopattitled dart Bet 48 dstibleasiyednevdvet iartotvof tirerapypnal
crosslinker |leads to a coval ent |inkage between anti body and nanoparticl e.
In the second case, only an adsorptive binding between anti body and
nanopartlﬂ(ﬁ@mé‘%)&b%é@‘@!‘t'ﬁ’é‘dﬁﬁ’g@c@ﬂ he non-reactive 25 nethoxy group at
the end of the poly(ethylene) glycol chain. The results of the

physi CO-C'B@{'L ; iBbHY Al §§aeCEidhddby AnkingYovhlatyrdpaded
and in Table gﬁfrggaﬁhﬁgégiﬁﬁrgﬁﬁﬁi{c(@aﬁt‘e anbpartli cl eg. n_”r]\é y
anti-integrin antibody or a biologically active fragment thereof to the surface of a

25 protein-nanoparticle which was prior treated with a chemotherapeutic agent;

e arespective antibody nanoparticle conjugate, wherein the chemotherapeutic agent

was loaded by adsorption to the protein-nanoparticle;

 arespective antibody nanoparticle conjugate, wherein the protein nanoparticle is of

human serum albumin (HSA) or bovine serum albumin (BSA);



unl oaded particles are characterized by a particle dianmeter of 140 to 190
nm whereas the drug | oaded particles show a nmuch higher size in the rage of
350 - 400woren113B377Mhe pol ydi spersity of al] nanoparti cl epCrarged/ obatsveen
0.01. This indicates a WD 2011/057709- 13°- PCT/ EP2010/ 006443 nonodi sperse
particle size distribution independent whether the particles were drug

| oaded or surface.nodified. The daoxorubicin | oading of the drug | oaded
particles i%r%QGQt'%aBBPQFSY NEERRATERE qaN¥igale. whetgin thespaidiclendiamater of e
surface camgnbeadsdprtemh-marnh i i I the
unl oaded part. cl esb NP-DI 17 6%%%33‘%3%% %?%%é?%gﬁnﬁaﬁ%ﬁ%gt*me or
the particl'69 anshd8@ @t h doxor ubi cin (NP-Dox-DI 17E6). Wth the control
antibody IgG simlar results can be obtained: Unl oaded nanoparticles show a

surface it j ! - nti body/ nanoparticle (.NP-19gQ

wher eas (r]ﬁ) ‘égrfegﬁg %fé\{)g;gﬁ{'%ar t P%ﬁtg)'saqﬁ%lgﬁomgr?\‘%qg?ﬁ@'mB‘%’Paﬁ@'e-é'%‘qt% Afthe

| gG N nanppateini-ohrop MficReXtré 46N with 4 BREMoMErhBEatic Q{gém i3 beRben 3FBWHG Of
ant i body |50§dsor tlveIY attached to the surface of The nanoparticles of

unl oaded of08J¥B: BisTerakly bataen3baad 399Iw8, The anount ranged from2 - 3
pg/ ny (unl oaded particles) to 0.1 - 0.5 pg/ng (doxorubicin | oaded

article f %%Eg@lgj e articles) to 2, - 3.5
Bg/ ny (dgigrr%%f)%tn 021 e ){)ﬁ?ﬁpérgcslé cﬁ%ﬁf&%{;{pﬁ%%ﬁ G\gg%ﬁtt?@dﬁd’f’%%hﬁeq hat
| gG show adiregtieor bgrdinkey tothepsteiptiampartick v 4 BathyArl7&dupNBir6Qy&sd t he
| ow anti bOer gsor Ei n t t@e nanoparticle surface indicates that the

oS 2rfibadpdles

maj ority of E'ul es are covalently attached to the particle
surface by the heterobifunctional PEG spacer. For cell culture experinents
only fohe eSarmBkpsctivel SntiR Satoparitiaes PR tic/ U pody
vi sual i zati on gn nanogarticle s#urfa(_:es:nmlglagé;&@%‘@%ﬁ%ﬁﬁgﬁp}g{tﬁcb@ﬁ‘?of

| gG ori gi ntre@tast withsaid prateimenanopanicle is selet@drinomdhe girodp cgosistingbf:- human

| gG anti bog: i bl ticl : i zed, h
i nthe scadaPim. PERBBiSY, dPBcRITRR dodaieil partaiFigary cin and rnatass of
200 nm Small white spheres were shown on the surface of nanoparticles with

DI 17E6 ceuplresgedve(farpp=ptide Sonjigats, Wﬂ‘i@r@ﬂﬂﬁmenéﬁtmd(?dgiIinﬁe&%‘%ﬁ%{é@inﬂgqoggi& lhf

surface of nanoparticles w thout antibody coupling gure he "sna
whi t e spheP&delnrranerarticleiis sslested fiemetheroup LIMGHA, oitaxineasdr7&6eand t he
gol d-|sabel g4 isReRhEDHN the SEM Cel l'ul'ar binding: avi 33
integrin-positive nelanoma cells M1 and av-negative nel anoma cells MI1L
are incubated with DI 17E6- coupl ed nanoparticles (NP-DI 17E6) 30 or

nanopar t » ch eespeniiveeahtibodgmanoppetivld i::@njagatd, Wherdih the profdih-heRpaditlesigown

in WO 2011/ 5%89- 14 - PCJ/ EP2010/ 006443 Fi gure 4A, NPDI 17E6 shows a

hi gher bin §2‘gt ISvpaded | with dexprulysin gesl the,apphadyclinkes eovedemsyrtatthis bi ndi ng
of NP-DI 1756tRrOisNTE@& DP1atper ved, which was reduced conpared to M1
cells (Figure 4B). Doxorubicin incorporation does not affect nanoparticle

bi ndi ng. NP-Dox-DI 17E6 shows high binding to M1 cells whereas 5 NPDox- 1gG
shows | otv dipharmgceuticah eompoesition dapiising aneartiBpdy Beinbparticle conjugate as

20 specified above in an pharmacologically effective amount optionally together with a
carrier, eluent or recipient;

¢ the use of an antibody nanoparticle conjugate as specified above for the

manufacture of a medicament for the treatment of cancer diseases;

* an antibody nanoparticle conjugate as specified above for use in the treatment of
25 tumor diseases. ‘

The HSA nanoparticles obtained according the invention loaded with a

chemotherapeutic/cytotoxic agent and linked covalently to an anti-integrin, especially



nanoparticle preparations show | ow binding to M1L cells (Figure 4D).

Cel lular uptake and intracellular distribution: The cellular uptake and

i ntracel Iwban11disgtopi buti on of these nanoparti cul at e for roraPe@n®o@ne shown
by confocal |aser scanning mcroscopy (TESM~ avi33 integrin-positive M1
mel anoma cells are 10 incubated w th NP-Dox-Dl 17E6, w th NP-Dox-1gG or
free Doxor ybi ci nkbéﬂFi gure 5% Only few NP-Dox-1gG are detected at the outer
part of EAE-aRANRAdY celhdeathmlmady after 10m&t agell attaphment/detshneenthes
t he inneg i I ' - | Gi I nce
can be dets g%\{ g%ﬁ,fg{ ltgg“ra feﬁl% ubbsaaa{r ﬂiﬁgﬁH{ﬁ@{ Dﬁlg@%;%r(%ﬁyggﬁ?@ig? urﬁfg%gg)sﬁgé %% as
after inbUsieti on with free doxorubicin (Figure 5B). 15 Figure 6
denonstrates the intracellul ar uptake of the NPDox- DI 17E6 in a higher

magni f i catl : v i f. flporescence. channel s (Figure
o5 D) verrPastenspy fahdieritiph RRcBldng Y phie) RRBIRE T B Gur e o).

Fur t her mohemolirapelfigcjtotiatgentvaridiniiedoarbhAfisdasifowRkil cbly aibi @ i n
a stack of 1 pmthickness each by confocal |aser scanning m croscopy to

prlo?/e t hi ?WFP&H@W%FH}EW&@%W vherep) w@ibgéwiiégq an @ndipntegsio asha
0o V1) oanlisstFadd (heEbls dbASAS Eplisd FieafiPtciRisito wilth Wi Rahd i

so- cal | elindi §igGhectin receptors. avl33 integrin inhibition my lead to a
detachment of already attached cells or inhibits the attachnent of cells.

D117E6 ighibits th tiac nt of the 1 cells to vitronectin 25 coated
surf ac es?Fﬁil?'lgel?r %\}tg@_x?q\égggg{}pyv&qeélt ety inSpch F’cﬁ¥§?w epRiau 4Aht he
particle surface inhibits also the M21 cell attachnment to vitronectin

wher aas hasugaa tsysignahanbpanidlextisios Wéréhwo@g‘#@l@hd@di wathi thBQdYotblgt have a
m nor i nfl uenced%lr&i%ell attachnment (Figure 8). In the detachnent assay a

sl i ght | y°PNGRER R iohaR ADHRtegRniantibedn shongro gell death amwellmsdree t han
in the aLi@e ; inqhibition (4 ng/pl and 10 ng/ pl
respecti%rg ngﬂﬁpaaﬁgga%%ggar?g}'%ﬁ)sm@é{\ﬁgv%%mcelI det achnment of av133
positive WD 2011/057709PCT/ EP2010/ 006443 - 15 - nelanoma cells M21 from
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the other hand has the potential to react with sulfhydryl groups introduced into the

20 antibody DI17ES6.

Thiolation of DI17E6: The introduction of thiol groups to antibodies bears the risk of

oxidative disulfide bridge formation leading to dimers or even higher oligomers
[Steinhauser |, Spankuch B, Strebhardt K, Langer K.; Biomaterials 2006;27(28):4975-
4983]. Therefore, fomation of dimers and oligomers is evaluated by size exclusion

25 chromatography (SEC) after incubation periods of 2, 5, 16, and 24 h with 2-
iminothiolane. Results show that with increasing thiolation time and molar excess of
2-iminothiolane the retention time of the antibody in the chromatograms is slightly
prolonged (Figure 1A). Additionally, the peak heights decreased and the peaks

broadened. Using a 50 molar excess of 2-iminothiolane and an incubation time of 2 h
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conpositjons ar.e pr ed as_injec I I r | i QUi I ;
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' glycol)-a- maleimide-w-NHS ester (NHS-PEG5000-Mal) or a monofunctional
succinimidy! ester of methoxy poly(ethylene glycol) propionic acid (mPEG5000-SPA),
respectively. In the first case the heterobifunctional crosslinker leads to a covalent
linkage between antibody and nanoparticle. In the second case, only an adsorptive
binding between antibody and nanoparticle is expected because of the non-reactive

25 methoxy group at the end of the poly(ethylene) glycol chain.

The results of the physico-chemical characterization are presented in Table 1 for

the unloaded and in Table 2 for the doxorubicin-loaded nanoparticles. The

unloaded particles are characterized by a particle diameter of 140 to 190 nm whereas
the drug loaded particles show a much higher size in the rage of 350 - 400 nm.

30 The polydispersity of all nanoparticles ranged between 0.01. This indicates a
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scanning electron microscope (SEM) pictures (Figure 3) in a range of 200 nm. Small

white spheres were shown on the surface of nanoparticles with DI17E6 coupling
25 (Figure 3 A and B) whereas nothing is recognized on the surface of nanoparticles
without antibody coupling (Figure 3 C). The small white spheres are reflections of the

electron beam on the surface of the gold-labeled samples in the SEM.

Cellular binding: av@3 integrin-positive melanoma cells M21 and av-negative
melanoma cells M21L are incubated with DI17E6-coupled nanoparticles (NP-DI17E6)

30 or nanoparticles coupled to an unspecific control mAb IgG (NP-1gG). As shown in
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Cell attachment / cell detachment: Cellular attachment to vitronectin-coated surfaces

is mainly mediated by av@3 integrins, the so-called vitronectin receptors. avB3 integrin
inhibition may lead to a detachment of already attached cells or inhibits the
attachment of cells. DI17ES6 inhibits the attachment of the M21 cells to vitronectin

25 coated surfaces (Figure 8). Nanoparticulate formulations with DI17E6 on the particle
surface inhibits also the M21 cell attachment to vitronectin whereas nanoparticulate
formulations with a control antibody just have a minor influence on cell attachment
(Figure 8).

In the detachment assay a slightly higher DI17E6 concentration is needed for
30  cell detachment than in the attachment assay for attachment inhibition (4 ng/ul and 10

ng/ul respectively compared to 2 ng/ul). However, cell detachment of av33 positive
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which argues for a marginal unspecific doxorubicin uptake by the cells after NP-Dox-

20 1gG incubation.

This NP-Dox-DI17E6 induced detachment and cellular apoptosis is further shown in a

time lapsed acoustic microscopy movie in the supplement 1.

Cell viability aséav: The biological activities of the different nanoparticulate
formulations are tested in a MTT cell viability assay. The effectiveness of doxorubicin,

25 either in free form or incorporated into nanoparticles, to reduce c.ell viability by 50% is
expressed by IC-50 values (Table 4). NP-Dox-DI17E6 or non-PEGylated NP-Dox is
more effective than free doxorubicin in avB3-positive M21 melanoma cells. Control
nanoparticles coupled to an unspecific IgG mAb has no influence on cell viability in
the tested concentrations (IC-50 value of NP-Dox 30.8 + 3.5 ng/ml, NP-Dox-

30 DI17E6 8.0 £+ 0.2 ng/ml, free Doxorubicin 57.5 + 3.7 ng/ml, NP-Dox-IgG > 100 ng/ml).

In contrast, NP-Dox-DI17E6 does not reduce viability of av-negative M21L cells in
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Physiologically tolerable carriers are well known in the art. Exemplary of liquid

20 carriers are sterile aqueous solutions that contain no materials in addition to the active
ingredients and water, or contain a buffer such as sodium phosphate at physiological
pH value, physiological saline or both, such as phosphate-buffered saline. Still further,
aqueous carriers can contain more than one buffer salt, as well as salts such as
sodium and potassium chlorides, dextrose, polyethylene glycol and other

25 solutes. Liquid compositions can also contain liquid phases in addition to and to the
exclusion of water. Exemplary of such additional liquid phases are glycerin. vegetable

oils such as cottonseed oil, and water-oil emulsions.

Typically, a therapeutically effective amount of an anti-integrin antibody according to
the invention is an amount such that, when administered in physiologically tolerable
30 composition, is sufficient to achieve a plasma concentration of from about

0.01 microgram (ng) per milliliter (ml) to about 100 ug/ml, preferably from about 1



5 excess) of 2-imnothiolane (6.9 ng in 50 M phosphate buffer pH 8.0) were
6 added to 500.0 pl D117E6 solution and the volune of the sanples was

adj ust ed wot2bhiipso®phat e buffer (pH 8.0). These sanpl es weTEP2I0ObAIEd at
20C under constant shaking (600 rpm) for72” 5, 16, or 24 h, respectively.
The reaction was term nated by addi ti on of 500.0 pl hydr oxyI am ne sol ution
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pl(50 fdhe typitalrdasagesef)a cheming! avtm%@e FRemo faP§U%<€%%%t)a%P’ ng'to

i m not hj, ol t fh§ran®H 8. 0),
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det ect ed phot t |l y. at 2 slh
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phot orreF‘P'f @'BQ%Q th\’tthg% rgﬁ%ngs; f%'g\g(nag ?&"f&y ppe g@o&&dﬁgf %Ir-]lanbur gr ,
Ger many jruds) €94 .4 8bné vesariptivh atiebitérs, oamrowctwetag@«itm&ald adinatjve @gents
L-cystei ne standard sol utions 2011/ 057709PCT/ EP2010%£ ghS - 22 - that
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glutarald ution The crosslinking process vvasﬂg f ormed
for am rsummes;dﬁmmmose;nhe.cmgnmsmmm@w@@wa@un@um&hqr?epegc pats or
purifie
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per f or NeAh&sEBtoXic/agé s esucngs ul dyteteriai paptides (e.g( BytoRirgsqoacymtoxt drugs
doxor ubi ci n-l'oaded nanoparticles 160 ng HSA were dissolved in 4 m purified

wat er arénckthe &6l uti on was filtered through a 0.22 pmcellul ose acetate
menbrane filter (Schleicher 8, Schuell, Dassel, Germany). An aliquot (500
pl) of Lﬂ% sol ution was added to 200 pi of a 0.5% (wv) aqueous stock
solutio xorubicin. To this m xture, 300 pl of purified water were

added. In order to adsorb doxorubicin to human serum al bumin in soluti Pn,
t he us xtRigerenhs i nidublatied ofiRI&7EE wWithra Ag) $6&61d @pﬁbB-’b dpP0Jold mplar &xeess o

t enper at re.. or t he_pre o rticl i

et hanol. 58P tPIENSaRG ety S IBner §Y oS F e By
(I'smatec 23) 1|6F’Hnd Ci4ah obFéktdionSithé ZBIM78EVas Aktevted aoa eetentiosdinvaof aboutan

al i quot of '11.75 pi 8% gi ut ar al dehyde sol uti on was ded to nduce particle

crossl i nki min pereas Poer egniugalevEEr 6?%#%%%'}%‘(%!%&8&“9”6%%@ i nki ng) .
The crosslinking was performed for 24 h under constant stirring at ambient
t emper at yphre Al | AURLSIS@nQr TN 786 112 W BRIKIBAIS) ARAGHAHAIGhES bBR) Quis | T ed
by two d erentiral centrifugation (16, , 12 75 mn) and

r edi sper §0,@0, oMDﬂlmotalnextesst EyMIBOMBBQH%pQQYNﬁéﬁ e amosetohi th 2.0
purified water whereas in the second cycle nanoparticles were redi spersed
wi th phosphate buffer (pH 8.0) to a volune of 500 pl using a vortexer and
ul trasoni cation. The nanoparticle content was determ ned by gravinetry. The
col | ected supernatants



were used to determ ne the non-entrapped doxorubicin by HPLC. The content
of 30 entrapped doxorubicin was cal culated fromthe difference between
total doxwoubiwgismroand unbound drug. For the quantifi catipom/ErRo1dOs@A3IbI Ci N,
a Merck Hitachi D7000 HPLC system equi ppé8 with a Li Chr oCARTO 250-4"

Li Chr ospher0- 100 RP-18 colum WD 2011/ 057709PCT/ EP2010/ 006443 - 23 -

(Merck, Darnstadt, GCernmany) was used. Separation was obtained using a
nobi | e phlSduesd thieldarodRs PEE aptipedy Matequie was)phasemetridaly detacted after

trifluor | GiRGE . 0,8 {1 / min. Doxorubicin was
gquant i firggeﬁéﬁ @\'}ﬁ?é@%g'ﬁl%are%hgmf ﬂ”ﬁ%"ggge%g%'dﬂ ection (excitation 560 nm

em ssion 650 nm. 5 (6) Surface nodification of nanoparticles: Unloaded
and drudigeeeddd HExophnbPHITEGE teupling en parppartidiessurtiEedsy beahrdag lelestroand
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For the wds dbaé¢ with sSEMof the antibodies, DI 17E6 or |1gG were dissolved in
phosphate buffer pH 8.0 at a concentration of 1.0 ng/m . For the

I LREEE R AR RE R R O
40. 2! YolrRtilafoRs.avEY iﬂl’ég?gw(sjﬂ)dsiﬁk?éﬁfélée})%gpgﬁeﬁé Rﬁﬂh afd @tar@yaz—géfé)é%sg[ 7]

The anti bodi es were purifl by size usi on chronat ograp al t TM
Dext r an nmeleapoiakelisdigihB am"e%i were treatpdswith 2 mgipl efttheaiffierdnt intaateed A
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or 1gG respectively, to achieve a coval ent Ilnkage bet ween anti body and
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ncugat St Rt 75 etBorh o B PEERP R0 R SRR, ) “The
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confocal laser scanning microscopy (CLSM). M21 cells were cultured on glass slides
and treated with 10 ng/ul of the different nanoparticle formulations (referred to DI17E6
concentration or equivalent amount of control nanopatrticles) for 4 h at 37°C. The
green autofluorescence of the nanoparticles was used for detection and the red
25 autofluorescence of doxorubicin. The cell membranes were stained with
Concanavalin A AlexaFluor 350 (blue). Pictures were taken within inner sections of
the cells. A): control, cells without nanoparticles, B) incubation of the cells with free
doxorubicin, C) incubation of the cells with the unspecific nanoparticles with NP-Dox-

I9G, D) incubation of the cells with the specific nanoparticles with NP-Dox-DI17E6.

30 Figure 6: Cellular uptake and intracellular distribution of NP-Dox-DI17E6 studied

by confocal laser scanning microscopy: split of the fluorescence channels. M21 celis



- 24 - Exanple 2: NANOPARTI CLE CHARACTERI ZATI ON Nanoparticles were anal yzed
with regard to particle diameter and pol ydispersity by photon correlation
spect r oscwPRo(1IREB)9uUsi ng a Mal vern Zet asléger 3000HSA ( Mrcy@probfosé4ninent s
Ltd., Malvern, UK). The zetapotenti al measured with the 5 sane
|nstrurrent by Laser Doppl er mcroel ectrophoresi S. Prior to both

di filt ur| fied
varor e s BFed REESs Adch ond HeRla Wi dolnesll S8k B P S hstpur pose
50.0 pl 3y°Ct Wme@e@naa'atomcﬁewérm@éﬂtﬁé Bhi’-t‘?éé %s'u%tee 8RS TbA e

e
\A/elghlng{ dish and dried for 2 h at 80C. Af mn of storage In an
t
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Ger man ARTI CLE SURF
Nanopa?/% | c| es wbﬁﬁ%A%cougﬁl ng ?D&swg é\J?’l\tlgyﬁl‘\lA By INDRH SRR i ¢l es
wi t hout thetcebadsy): manbynga(lmﬁbremeacenhabﬂéledBj Grsplay*bf&he‘l:ﬂhé\fcélﬂ an 18 nm
col | oi dal ld anti - ? aan |hpody di anova, Hanmburg) Germany) in PBS.
75 The. 1apEPENS Shanath CocidRePthe te umampzs;?cfﬁwmru}eaﬁmw@%aygtm%m

odi um filtered through a MIlipore filter p or
iﬂli?po?gggélitbgjrtﬁ?ﬁsﬁiaﬁgel Then the sanpl es were dehydrated in 30% 50% and

100% et hanol, _air-dried, coated with carbon in a SCD- 030 coater (Balzers,
Li echt efdguwien: andalludan urtake and intratellularidistribntion aﬁthenlgPeﬂ)ex—iDI OTES

m crosc U An acc ti,n e of 10 kV was
used fo%ﬂgdéggﬁggér({/ﬁl@ a'&%r]éo'Jngcegé 9 rﬁ{:f)é? pyFBPFﬁé 25K Wﬁ Eﬁ%\é’eé\%?%‘ﬁ
the manapaglhss Isad@sjahameatéwmarmhc%@l Ner @oﬁIDIdVES o6 4 MOatosreies ot er ed
el ectron éBSE des l e 4. LL CULTURE  The av133 integrin positive

mel anomd@e@M AUIQ fwfr\fassofd%aaﬂepa@plesea@%us%mrsdet@anmen@\the\e@m i ve

I d { provi ded by
Ver ok KouSgopettal dfadienulieh ThE Selthebrat® Wsferined Wl 020 medi um
(Invit ré@nmanaaallrsMIexa&mﬁW)(bmp)pﬂ:elmewbwlowutéﬂyléh%eﬂt‘nﬁ alstgek bf $@ym
(InV|tr Kar | vate (I'nvitrogen, Karlsruhe,

ruh 1% p
Ger many) 8‘6’&9%%?? S&e Qﬁmd QJ/elsd'S strﬂ ded phagaieBo pg/m strept onyci n;
I nvitrogen, Karl sruhe Germany). The PBS contai ned Ca2+/ Mg2+ (1 nvitrogen,

Kar | s U@Blfr% mén!)ell at¥lRneAdrt VI BRESHH EERBAQPRREAS ng/Af FrdeBITPED &
CELLULAR
- the different nanoparticulate formulations were incubated together with the av33

integrin positive melanoma cells M21 on vitronectin coated ELISA plates
(concentrations are calculated referred to DI17E6 or equivalent NP amounts). After 1
h of incubation non-adherent cells were removed. Remaining attached cells were

20 stained with CyQUANT GR and counted against untreated control as described in the
manufacturer's instructions manual. (Internal control of each experiment n=10, one

representative experiment out of 3 independent experiments is shown.)

Figure 9: Cell detachment from vitronectin coated surface. For cell detachment

assay, 96-well ELISA plates were coated with vitronectin and cells were allowed to
25 attach and spread for 1 h. Then, 4 ng/ul of free DI17E8 or the different unloaded or

doxorubicin nanoparticulate formulations were added and the plates were incubated

for additional 4 h at 37°C to induce detachment (concentrations are calculated

referred to DI17E6 or equivalent NP amounts). Detached cells were removed

and remaining attached cells were stained with CyQUANT GR and counted against

30 untreated control as described in the manufacturer's instructions manual. (Internal



M21 or MR21L cells were cultured in 24-well plates (G einer, Frickenhausen,
Germany) and treated with the different nanoparticle formulations for 4 h
at 37C. R0 20hstmsting of DI 17E6 nodified nanoparti cl epCTEPR@OMDG4a3 | ONS Of
2 ng/pl, referred to DI17E6 5 concentrét?%n‘coupl ed on the particle
surface, were enployed. Control nanoparticles w thout DI 17E6 nodification
were used |n &{]Ui val ent . nanoiﬁ)_a,{ﬁi cle quantities. After incubation, cells
wer e waSRBHOL Qi S2FMEXRETBREN MM (NSgeRresentative epermentat)of & indapendent
trypsi nexpériiettdar sdigy. After fixing with FACS-Fix (10 g/1I PFA and 8.5
g/l NaCl I1n PBS, pH 7.4), flow cytonetry (FACS) analysis was perforned with
10,000 cells per io sanple, using FACSCalibur and Cel| Quest Pro software

( Bect onStiPRIgmAeahl: Hej Eﬂ“ﬂ@tg?h@@ﬂhﬁw)wtrma@ﬁamatcﬁ@s:rfecal timbdapietcect ed at

Carl i aronur T ARGty RS PHPLINIAGT 1o B Eherks el e

st udi sed abgustimimicrabcoms wasasedris nat 3)i THaretarpy avP® integlih povive nealbhgi@d on

gl ass sliﬂegﬂis and treated wiith 2 ng/pl or 10 ng/pl of the different
nanopar ££1§ M3 LWRIE seeder Op & Vitopeghn d chapdiarr alowed taaltach cul at ed
referre i it BRI i | . After the
i ncubat ?gﬁ%ﬁﬁgsdg%ﬁ?ﬁv@?g&gggﬁgﬁtw céﬁvba?%&ﬁE@Hgﬁ?gégﬁ glr?gmw'anes wer e
st ai nedn@ahopagglasgwith DEbAEEnantiiady doutiliogafl particlesdlr{aR46 Dédachment was
(Invitr n rl sruhe rmany) for 2 min. Cells were fixed with 20 0.5%
bEA. f or SBSHIvED it IR Bbsell PERSHEaRiodkaRy Set pSinthot it BaBisthies wore

Vect ashiehd dveryd Brhutb TAkidegadtiAbMaitAs cellgwas dndNPA Dby RTINS alubiien
confocal m croscopy study was perforned with an Axi over¥ 200M m croscope
with a sfthei@aneta device (Zeiss, Jena, Germany), MaiTai fentosecond or an
argon ion | aser and the LSM I mage Exam ner software. Nanoparticles were
detected at 488/ 520 nm 25 Doxorubicin was detected by red fluorescence at
488/ 590 nm Exanple 7: CELL ATTACHVENT AND DETACHMENT ASSAY av133 integrin
posi tive nel anoma cells M21 were grown on vitronectin (MBi Tec, CGottingen,
Ger manyExapyples: ELI SA pl ates (Nunc, W esbaden, Germany). Therefore, ELISA
96-wel |l plates were coated with 1 pg/m vitronectin for 1 h at 37C. 30

S R WL S (04, oG )

nanoparticul ate formulations (referred to free mAb) together with the cells

in cel | (HdReagents e chiomid6ls2 Huirmah §E0SRGTH RDAPSA0G44Hon VV2Burity(FPM - 1640
with 2 L-gl utam ne supb%léenent ed with 1% BSA). After 1 h of incubation at
37C, noAY&dheiuaralqehyde dveragueers velttion arhbymandgfi anfibaidytveriecokinined PBS.

Kar 1 UGy ST SEie e SRR, DK liol PP i i, o

2-Iminothiolane (Traut's reagent), 5,5'-dithio-bis(2-nitro-benzoic acid) (Ellman’s

reagent) and D-SaltTM Dextran Desalting columns were purchased from Pierce
20 (Rockford, USA), hydroxylamine hydrochloride and cysteine hydrochloride x H20
from Fluka (Buchs, Switzerland). DI17E6 was obtained from Merck KGaA, Darmstadt,
Germany. The succinimidyl ester of methoxy poly(ethylene glycol) propionic acid with
an average molecular weight of 5.0 kDa (mPEG5000-SPA) and the crosslinker
poly(ethylene glycol)-a- maleimide-w-NHS ester with an average molecular weight of
25 5.0 kDa (NHSPEG5000- Mai) were purchased from Nektar (Huntsville, USA). All

reagents were of analytical grade and used as received.

(2) Thiolation of DI17E6: kinetics of dimerization reaction: Primary amino groups of

the antibody can react with 2-iminothiolane, leading to introduction of sulfhydryl
groups through ring opening reaction. Free sulfhydry! groups are necessary for

30 subsequent covalent conjugation of the antibody via a linker to the particle surface.



5 reader as described in the manufacturer instructions nmanual. For cell

det achnent assays, 96-well|l ELISA plates were coated with vitronectin as
descri bedwahouens7abt er bl ocking, cells Were al | owed to a&Crarkoiandc4gpr ead
for 1 hin cell adhesion medium Then, 4 r"rgfpl or 10 ng/pl of either free
Dl 17E6 or the different nanoparticul ate formul ations (referred to free mAb)
were added and the io plates were incubated for additional h at 37Cto

i nduce V&%‘i‘ﬁferﬁtmd&?ﬁ%(?ugﬁﬂ groups heass W@r%sk/\ﬁfs%@a"é\rﬁjdﬁﬂg'@@s@'é@eas f or
cel | _adismhafbRsing RPGRIdS oricdBhHigh & bigbnflid 3¢ BTFALs 0B {7RHIERL ON Of

det achnent were m ned relative 1o vitronectin-coafe aces bl ocked
Wt h BSMISSE)t\eeq)Bea&onKeNEatic{D Q1 CR)/in! DEPAGHINENE buffeF(uH 180@). trebederitoat i on of

d d ' ' d
il i wel TSI HRURS 2663 ElelibR TREarerndnd SOGBH b §pdrESir
f or myg atéx@@§s7)0<6f :E-rrﬁmowsrehetreog d iR 50 rlwu Esas;ﬁhaﬂe bu@@?pﬁﬁs @?]Weré 6 5@&&1 to

chanmber at 3 Det achment was observed transmtted t time | apse

ni cr osc §PP-Buk Pl i B sphionfand-thegolpne of the samplesdwas aéwrt@d withi phﬂS@QateThe

xanpl o TR &P ha o 2nliis R irfbaty PO RauRBLEBMER: Shati g i
3- (4, 5- apmytitny 2t $i B, @r-22-ly, Iespedtively. mwatametewmer@drbgleddMé)n stye
reduct i o assa #27] nmodi fi ed as descri bed before

2011/ 05 lerone sebtionAp.28 m@rﬁnb'nthSrW@r%BU%%mrtﬁrO) This
crosafi ﬁﬁ'rﬁéé%n%§%°géé@ﬁf°igérr%ﬁgﬁ“ﬁalﬁﬁ%ﬁ?@ BERATHIS: SR iy Aee By
Unnodi f iséze exclusion chromatography (SEC) on a SWXL column (7.8 mmx 30 cm) in
combination with a TSKgel SWXL guardcolumn (6 mm x 4 cm) (Tosoh Bioscience,
Stuttgart, Germany) using phosphate buffer (pH 6.6) as eluent at a flow rate of 1.0
ml/min to detect formation of di- or oligomers. Aliquots of 20.0 ul were injected and
15 the eluent fraction was monitored by detection at 280 nm. In order to calibrate the

SEC system for molecular weight, globular protein standards were used.

(3) Thiolation of DI17E6: quantification of thiol groups. DIM17EB was dissolved in

phosphate buffer (pH 8.0) at a concentration of 1 mg/mi. This antibody solution (1000
pg/mi) was incubated with 4.02 i (5 fold molar excess), 8.04 ul (10 fold molar

20 excess), 40.2 pl (50 fold molar excess), or 80.4 ul (100 feld molars excess) of 2-
iminothiolane solution (5.7 mg in 5.0 ml phosphate buffer, pH 8.0), respectively, for 2
h and 5 h at 20°C under constant shaking. Using phosphate buffer as eluent the
thiolated antibody was then purified by SEC using DSalt™ Dextran Desalting
columns. The antibody containing fractions were detected photometrically at 280 nm

25 and were pooled afterwards. The antibody solutions obtained from the purification
step were concentrated to a content of about 1.1 mg/ml using Microcon® 30,000
microconcentrators (Amicon, Beverly, USA). Aliquots (250 pl) of concentrated DI17E6
solution were incubated with 6.25 pl Eliman’s reagent (8.0 mg in 2.0 ml phosphate
buffer pH 8.0) for 15 min at 25°C. Afterwards the samples were measured

30 photometrically at 412 nm by using UVettes® (Eppendorf AG, Hamburg, Germany). In

order to calculate the number of introduced thiol groups, L-cysteine standard solutions



Coval ent binding of DII7E6 Coval ent binding of 1gG Adsorptive binding of DI
17E6 Adsorptive binding of 1gG Particle dianeter [nn] 166.5 17.6 181.4 16.4
181. 6 15.w020P/B7M4.5 172.0 14.7 Pol ydi spersity 0.034 pOT(P2010/006363 0.013

0.063 + 0.045 0.011 0.009 0.024 0.018°22 -

that were treated in the same way like the antibody solution were used. The content

of DI17E6 was determined by microgravimetry.

(4) Preparation of unloaded nanoparticles: HSA (200 mg) was dissolved in 2 m!

purified water. After filtration (0.22 pm) this solution was adjusted to pH 8.5. In order
5 to form nanoparticles 8.0 ml ethanol were added at a rate of 1 ml/min by a tubing
pump (Ismatec IPN, Glattbugg, Switzerland) under constant stirring at room
temperature. The resulting particles were stabilized by using 8% glutaraldehyde
solution (117.5 pl). The crosslinking process was performed for 24 h under constant
stirring at room temperature. Particies were purified by two centrifugation steps
10 (16,100 g, 10 min) and redispersed to original volume in phosphate buffer (pH 8.0).

This redispersion was performed using a vortexer and ultrasonication.

(5) Preparation of doxorubicin-loaded nanoparticles 160 mg HSA were dissolved in 4

mi purified water and the solution was filtered through a 0.22 um cellulose acetate
membrane filter (Schleicher & Schuell, Dassel, Germany). An aliquot (500 pi) of this

15 solution was added to 200 pl of a 0.5% (w/v) aqueous stock solution of doxorubicin.
To this mixture, 300 pl of purified water were added. In order to adsorb doxorubicin to
human serum albumin in solution, the mixture was incubated under stirring (550 rpm)
for 2 h at room temperature. For the preparation of nanoparticles by desolvation, 3 ml
ethanol (96%, v/v) were added continuously (1 ml/min) with a tubing pump (Ismatec

20 IPN, Glattbrugg, Switzerland). After protein desolvation, an aliquot of 11.75 pl 8%
glutaraldehyde solution was added to induce particle crosslinking (corresponding to
100% stoichiometric protein crosslinking). The crosslinking was performed for 24 h
under constant stirring at ambient temperature. Aliquots (2.0 ml) of the resulting
nanoparticles were purified by two cycles of differential centrifugation (16,100 g, 12

25 min) and redispersion. Within the first cycle redispersion was performed with 2.0 mi
purified water whereas in the second cycle nanoparticles were redispersed with
phosphate buffer (pH 8.0) to a volume of 500 pl using a vortexer and ultrasonication.
The nanoparticle content was determined by gravimetry. The collected supernatants
were used to determine the non-entrapped doxorubicin by HPLC. The content of

30 entrapped doxorubicin was calculated from the difference between total doxorubicin
and unbound drug. For the quantiﬁcétion of doxorubicin, a Merck Hitachi D7000
HPLC system equipped with a LiChroCART® 250-4 LiChrospher®-100 RP-18 column



Zetapotential [mV] -43.3 1.1 -37.4+2.9 -38.4 0.7 -39.7 1.4 -39.2 2.4
Particle content [ng/nml] 19.42 1.62 15.92 0.60 16.02 1.99 16.65 0.94
16. 68 1. 08oAntwdsowy bi ndi ng efficiency [ 3t g/ nmg] 16. 10 PCIEPLEO/DB448. 47
2.63 1.32 - 23 -

20

25

30

(Merck, Darmstadt, Germany) was used. Separation was obtained using a mobile
phase of water and acetonitrile (70:30) containing 0.1% triflucroacetic acid at a flow
rate of 0.8 ml/min. Doxorubicin was quantified by UV (250 nm) and fluorescence
detection (excitation 560 nm, emission 650 nm).

(6) Surface modification of nanoparticles: Unloaded and drug loaded HSA
nanoparticles were prepared as described earlier and were modified as follows: One
milliliter of HSA nanoparticle suspension dispersed in phosphate buffer (pH 8.0) was
incubated with 250 pl of MPEGS5000-SPA solution (60 mg/ml in phosphate buffer pH
8.0) or poly(ethylene glycol)-a-maleimide- w-NHS ester, respectively, for 1 h at 20°C
under constant shaking (Eppendorf thermomixer, 600 rpm). The nanoparticles were
purified by centrifugation and redispersion as described above. The content of the
nanoparticles was determined by microgravimetry. _

For the thiolation step of the antibodies, DI17E6 or IgG were dissolved in

phosphate buffer pH 8.0 at a concentration of 1.0 mg/ml. For the introduction of thiol
groups DI17E6 or IgG, respectively, were incubated with a 50 fold molar excess of 2-
iminothiolane solution (c = 1.14 mg/ml; 40.2 pl) for 2 h as previously described

by Steinhauser et al. (2006) [7]. The antibodies were purified by size

exclusion chromatography (SEC, D-Salt™ Dextran Desalting column). The resulting
solutions contained thiolated antibody (DI17E6 or IgG, respectively) at a
concentration of about 500 pg/mi. For the coupling reaction 1.0 ml of the sulfhydryl-
reactive nanoparticle suspension was incubated with 1.0 m! of the thiolated DI17E6 or
IgG, respectively, to achieve a covalent linkage between antibody and the
nanoparticle system. For the preparation of samples with adsorptively attached
antibody, 1.0 ml of the mPEG5000-SPA modified nanoparticles were incubated with
1.0 mi of thiolated DI17ES6 or IgG, respectively. The incubation of all samples was
performed for 12 h at 20°C under constant shaking (600 rpm). The samples were
purified from unreacted antibody by centrifugation and redispersion as described
earlier. To determine unbound antibody the resulting supernatants were collected and
analyzed by size exclusion chromatography (SEC) as described above. The amount
of antibody bound to the nanoparticle surface was calculated as difference between
the amount of antibody obtained after thiolation and purification and the amount of

antibody determined in the supernatant obtained after the conjugation step.
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Example 2: NANOPARTICLE CHARACTERIZATION

Nanoparticles were analyzed with regard to particle diameter and polydispersity
by photon correlation spectroscopy (PCS) using a Malvern Zetasizer 3000HSA
(Malvern Instruments Ltd., Malvern, UK). The zetapotential was measured with the

5 same instrument by Laser Doppler microelectrophoresis. Prior to both measurements
the samples were diluted with filtered (0.22 pm) purified water. Particle content
was determined by microgravimetry. For this purpose 50.0 pl of the
nanoparticle suspension was pipetted into an aluminium weighing dish and dried for 2
h at 80°C. After 30 min of storage in an exsiccator the samples were Weighed ona

10 micro balance (Sartorius, Germany).

Example 3: PROOF OF ANTIBODY COUPLING ON NANOPARTICLE SURFACE
Nanoparticles with DI17E6 coupling on surface (NP-DI17E6) and

nanoparticles without antibody coupling (NP) were incubated for 1 h at 4°C with an 18
nm colloidal gold anti-human 1gG antibody (dianova, Hamburg, Germany) in PBS.

15 The labeled nanoparticles were fixed with 2% glutaraldehyde in 0.1 M sodium
cacodylate buffer, filtered through a Millipore filter (0.22 pm) or Millipore Filter inserts.
Then the samples were dehydrated in 30%, 50%, and 100% ethanol, air-dried, coated
with carbon in a SCD-030 coater (Balzers, Liechtenstein) and examined in a field
emission scanning electron microscope FESEM XL30 (Phillips, USA). An accelerating

20 voltage of 10 kV was used for secondary electron (SE) imaging. For detection of the
antibody on the nanoparticle surface the samples were studied using backscattered

electron (BSE) modes.

Example 4. CELL CULTURE
The avB3 integrin positive melanoma cell line M21 was used for all experiments.
25 The av-negative melanoma cell line M21L was used as control (both cell lines
provided by Merck KGaA).
The cells were cultured at 37°C and 5% CO2 in RPMI1640 medium
(Invitrogen, Karlsruhe, Germany) supplemented with 10% fetal calf serum (Invitrogen,
Karlsruhe, Germany), 1% pyruvate (Invitrogen, Karlsruhe, Germany) and antibiotics
30 (50 U/ml penicillin and 50 Hg/ml streptomycin; Invitrogen, Karlsruhe, Germany). The

PBS contained Ca2+/Mg2+ (Invitrogen, Karlsruhe, Germany).
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Example 5. CELLULAR BINDING
M21 or M21L cells were cultured in 24-well plates (Greiner, Frickenhausen, Germany)
and treated with the different nanoparticle formulations for 4 h at 37°C. For the testing
of DI17E6 modified nanoparticles, concentrations of 2 ng/ul, referred to DI17E6

5 concentration coupled on the particle surface, were employed. Control nanoparticles
without DI17E6 modification were used in equivalent nanoparticle quantities. After
incubation, cells were washed twice with PBS (Invitrogen, Karlsruhe, Germany), then
trypsinized and harvested. After fixing with FACS-Fix (10 g/l PFA and 8.5 g/l NaCl in
PBS, pH 7.4), flow cytometry (FACS) analysis was performed with 10,000 cells per

10 sample, using FACSCalibur and CellQuest Pro software (Becton Dickinson,
Heidelberg, Germany). Nanoparticles could be detected at 488/520 nm.

Example 6. CELLULAR UPTAKE AND INTRACELLULAR DISTRIBUTION
Cellular uptake and intracellular distribution of the nanoparticles were studied
by confocal laser scanning microscopy. M21 cells were cultured on glass slides
15 and treated with 2 ng/ul or 10 ng/u! of the different nanopatrticle formulations for 4 h
at 37°C (concentrations are calculated referred to DI17E6 or equivalent NP amounts
as described in 2.5). After the incubation period, cells were washed twice with PBS
and cell membranes were stained with 50 ng/ul Concanavalin A AlexaFluor
350 (346/442°nm) (Invitrogen, Karlsruhe, Germany) for 2 min. Cells were fixed with
20 0.5% PFA for 5 min. After fixation, cells were washed and embedded in
Vectashield HardSet Mounting Medium (Axxora, Grinberg, Germany). The confocal
microscopy study was performed with an Axiovert 200M microscope with a 510 NLO
Meta device (Zeiss, Jena, Germany), MaiTai femtosecond or an argon ion laser and
the LSM Image Examiner software. Nanoparticles were detected at 488/520 nm.

25 Doxorubicin was detected by red fluorescence at 488/590 nm.

Example 7. CELL ATTACHMENT AND DETACHMENT ASSAY

avf33 integrin positive melanoma cells M21 were grown on vitronectin

(MoBiTec, Goéttingen, Germany) coated ELISA plates (Nunc, Wiesbaden, Germany).

Therefore, ELISA 96-well plates were coated with 1 pg/ml vitronectin for 1 h at 37°C.
30 Plates were blocked with 1% heat inactivated BSA (PAA, Célbe, Germany) and

incubated with either 2 ng/ul of free DI17E6 or the different nanoparticulate

formulations (referred to free mAb) together with the cells in cell adhesion medium
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(RPM1 1640 with 2mM L-glutamine supplemented with 1% BSA). After 1 h of
incubation at 37°C, non-adherent cells were removed by gentle washing with
prewarmed PBS. Remaining attached cells were stained with CyQUANT GR
(Invitrogen, Karlsruhe) and counted against untreated control in a microtiter ELISA
5 reader as described in the manufacturer instructions manual.
For cell detachment assays, 96-well ELISA plates were coated with vitronectin
as described above. After blocking, cells were allowed to attach and spread for 1 h
in cell adhesion medium. Then, 4 ng/ul or 10 ng/ul of either free DI17E6 or the
different nanoparticulate formulations (referred to free mAb) were added and the
10 plates were incubated for additional 4 h at 37°C to induce detachment. Subsequently,
plates were washed and processed as for cell adhesion assay.
Specific inhibition of attachment or induction of detachment were determined

relative to vitronectin-coated surfaces blocked with BSA.

Example 8. KINETIC OF CELL DETACHMENT

15 For the determination of cell detachment kinetics, cells were seeded in a
vitronectin coated multiwell chamber and incubated with the different
nanoparticulate formulations or free doxorubicin in a humidified, CO2-aerated climate
chamber at 37°C. Detachment was observed by transmitted light time lapse
microscopy over a period of 1-2 d. Pictures were done every 7 minutes. The

20 detachment of the cells was analyzed by manual evaluation of the data.
Example 9: CELL VIABILITY ASSAY

Cell viability was assessed using the 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) dye reduction assay [27] modified as
described before [28].
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Table 1: Physico-chemical characteristics of DI17E6 and IgG modified HSA nanoparticles

with 100% crosslinking (mean + SD; n = 3),

5 loaded HSA nanoparticles with 100% crosslinking

(mean £ SD; n = 3)

HSA- Unmodified Covalent Covalent Adsorptive Adsorptive
nanoparticles binding binding binding binding
100% of DI17E6 of IgG of DI17E6 of IgG
crosslinking
Particle [nm] 166.5+ 17.6 181.4+16.4 181.6+156. 17284145 172.0+14.7
diameter
Polydispersity 0.034+0.012 0.026+0.013 0.063+0.045 0.011+0.009 0.024+0.018
Zetapotential [mV] 433+ 1.1 -374+29 -38.4+0.7 -39.7+14 -392+24
Particle [mg/ml] 1942+ 1.62 15.92 £ 0.60 16.02 + 1.99 16.65 + 0.94 16.68 + 1.03
content
Antibody {ug/mg] 16.10 £ 1.90 1678047  2.63+£132 6.12+£2.03
binding
efficiency

Table 2: Physico-chemical characteristics of DI17E6 and 1gG modified doxorubicin-

Doxorubicin- Unmodified Covalent - Covalent Adsorptive Adsorptive
loaded HSA- binding binding binding binding
nanoparticles of DI17E6 of 1gG of DI17E6 of IgG
100%

crosslinking

Particle [nm] 379.5+21.5 404.9+27.0 406.1 + 35.8 391.0+£232° 386.5+249
diameter

Polydispersity 0.086+0.025 0.040+0.045 0036002} 0.054+0.025 0.043 = 0.034
Zetapotential [mV] -33.1+£26 -40.3 + 3.1 -39.1+£42 -414+54 -37.0+ 7.1
Particle [mg/ml] 153=x1.1 144+12 14411 147+ 1.1 148+13
content

Antibody [ng/mg] 15.84 +4.07 17.31£2.37 0.16+0.28 2.95+0.56
binding

efficiency

Drug loading [ng/mg] 56.7+29 56.7+2.9 56.7+29 56.7+29 56.7+2.9
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Table 3: Calculation of time-lapsed detachment measurement

Sample Detachment Cell death
[h after incubation *] [h after incubation *]
NP-Dox-DI17E6 0.25-3 10
NP-DI17E6 2-22 -
free doxorubicin - 17
NP-Dox-1gG - 20
control - -

* Total incubation time; 1-2 d

5 Table 4: IC-50 values of different nanoparticulate formulations

M21 M2I1L
[ng/ml] [ng/mi]
Nanoparticle preparation
NP-Dox unmodified 30.8+3.5 75.4 + 8.3
NP-Dox-Peg > 100 > 100
NP-Dox-DI17E6 80102 > 100
NP-Dox-IgG > 100 > 100
Controls .
free doxorubicin 57.5+£3.7 70.7+£0.8

free DI17E6 > 100 > 100




1. An anti-integrin antibody nanoparticle conjugate, obtained by |inking
covalently an anti-integrin antibody or a biologically active fragnent

t her eof twotha/surbace of a protein-nanoparticle which wras/Ereélonodsmeat ed
with a chenot herapeutic agent. 5 2. An affibody nanoparticle conjugate of
claim1l1, wherein the chenotherapeutic agent was | oaded by adsorption to the
protei n-nanoparticle. 3. An anti body nanoparticle conjugate of claim1l or

2, wher &aten G'ﬂjmﬁ ‘ei n nanoparticle is of human serum al bum n (HSA) or
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protei n-nanoparticle is selected from 20t he group consisting of: cisplatin,
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t he anti bodpahopaditiesvall rumnay seours ailtilirpingHS A)-orebavires sécine aitainsial (B8S/ad
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conprising &M-anti body nanoparticle conjugate as specified in any of the
claims 1 - 9 in an pharnacol ogi cally effective anmount optionally together

with a ghar pg (ﬂeu@ r : 11. Use
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-9 for use PHE gh@%eﬁg@?ﬁ‘eﬁo %'?gl%g di seases.
15 6. An antibody nanoparticle conjugate of any of the claims 1 — 5, wherein the

antibody was linked directly or by a linker to the protein-nanoparticle via a

sulfhydryl group introduced into the antibody molecule.

7.  An antibody nanoparticle conjugate of any of the claims 1 — 6, wherein the
chemotherapeutic agent treated with said protein-nanoparticle is selected from
20 the group consisting of: cisplatin, doxorubicin, gemcitabine, docetaxel,

paclitaxel, bleomycin and irinotecan.

8.  An antibody nanoparticle conjugate of any of the claims 1 — 7, wherein the
antibody linked covalently to said protein-nanoparticle is selected from the group
LM609, vitaxin, and 17E6 and variants thereof.

25 9.  An antibody nanoparticle conjugate of claim 1, wherein the protein-nanoparticle
is HSA that is loaded with doxorubicin and the antibody linked covalently to this
particle is 17E6 or DI17ES6.
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10. A pharmaceutical composition comprising an antibody nanoparticle conjugate
as specified in any of the claims 1 — 9 in an pharmacologically effective amount
optionally together with a pharmacologically acceptable carrier, eluent or
recipient.

11.  Use of an antibody nanoparticle conjugate as specified in any of the claims 1 —

9 for the manufacture of a medicament for the treatment of cancer diseases.

12. An antibody nanoparticle conjugate as specified in any of the claims 1 — 9 for

use in the treatment of tumor diseases.



