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QKPGOPPKLLIYVWASTAESGVPDRFT
GSGSGTOFTLTISSVOAEDLAVYYCG
NDYSYPLTFGAGTHLEIKRTTSSGHR
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gaggtgcageigricgagpaoteigoaggaggett |
goigeaacalggaggaiceate cigtall §
geeiclggaticac ttecigoatgaactg
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thge

callaigegoagtciatgeaaoggaggiicacealc!
cuagegalpaticeasaagtagigiclacctacaaa
| igaacazcitaz gaagacaciggeatitatta |
cigiacgaaggiggactactggggecaaougace
acggleaceptelecleagatggtggtgslistageg
grggegecieeggigglogiagitctgagetontgat |
[ ggctatgicagtagaa
tagaaggteaclalgagoigeaagic ‘\n'/"i:} g
H celtitaaatagt traaaagaactactigace
tgalactagragasaceaggoeageclcstanac
tgtigatclactgayeatecactagggaatclggagt
crelgatgeticacaggeaglggatctgoaacag
altleacieleaccateageagtygtacaggoigaag
1 acclggeagtitattacigteagaatgattatagttate
; cuctcacgticgotgetggpaccaagetigagalea
ascgtacgactagtoeaggcateatoacoateate
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Jlecggeagactceaggy
aaagggetagaatggatiggageaatianiccaga
\ageagtacpataaactatacgocatotctaaagga
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o Hataciglgeazgaggggeggta
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cglacacglicggagggoggaccaa
celigagatcanscecgactaghiceangeate

eaccatcatzat

agggecigagelgaagaagectggagagacagic |
aagatstectgoaaggeticigggiataccticacaa |
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Igattteaca i GGtg
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cliccieggregticagiggaggeaccaagcigga
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. cootgotgubagtictcaggigoaactgoageagte
I agugeelgagetgaagaageetggagagacagtc
aagalctectgeaagycticiogrtataceticacaa
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cacggotacatatiictgigcaagaticacciceecly
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aggaigtagogiiiataciglycicaaaalotagaa
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tgectatiigeagatcaacaace aga
cacggctacatatttctgigeaagalicacsiceccig
actactgogaecaagngaccacygleantgteten
iccggaggtogtgnateegagmgeanctgelona
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Muliifunctional polypeptides comprising a binding site fa an epitope of the
NKG2D receptor complex

The present invention relates to a multifunctional palypeptide comprising a first
domain comprising a binding site specifically recognizing an extracellular epitope
of the NKG2D receptor complex and a second damain having receptor or ligand
function, Furthermore, the present inventicn relates to polynuclectides enoceding
the multifunctional polypeptide, to vectors comprising said polypeptidas and to
cells comprising said pelynuciectides or sald vectors. The invantion also ralates 1o
compositions comprising either of the above recited molecules, alone or in
combination, as weil as to specific medical uses of the multifunctional palypeplide
of the invention.

Several documenis are citad throughout the text of this specification. The disclosure
cantent of ¢ach of these documenis (including any manufacturers specificatians,
nstructions etc.) is herewith incorporated by reference.

Many multifunctional polypeptide compounds desaribed in the prior art are bispesific
antibodies of varying molscular fomats develaped for retargating immune effactor celis
against malignant or infected target cells, clearing pathogens or autoantibadies from
blood circulation, enhancing drug therapy or as vaccines or as cariers e.g of
radicisotopes. Bispecific antibodies designed to redirect the cytotoxic activity of
imwnune effector calls against target cells usually comprise a hinding site recognizing a
turior-associated or & virat antigen on the target cefls and a sscond binding site that
interacts with a triggering molecula on the effector calls. Among the effector cells
recrutted in the prior art by bispecific antibody approaches were T-ymohocytes, NK-
cells, monoeytes and polymorphonuiear neutrophils, Triggering molecules  for

JP 2004-500108 A 2004.1.8
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bispscitic. ardbodies were usually selecied from a group of calt suface recepiors
consisting of CD84, CD18, the w/3-T cell receptor (T CR) and CD3, hut also aftemative
triggering moleculss like CO2, CDAY, CD32, CD44, CNEY and the TCM-zeta chain
were svaluated. Bispecific antibodies capable of redirecting cytotoxic T-lymphocytes
{phenotype: CD3YCDEE/CDEY) to target cells either contain a binding site jor the
TCR, CD3, the zetachain or CD2. By engaging one of these tiggering molaculas,
hawever, antigen specific signaiing via the TCR-complex s disturbed since sither
ephapes of the TCR-complex itself are nvolved (the TCR, CD3 or tha zeta-chain) or in
cage of CD2 a molecule that directly contributes to the TCR-signal by coaggregation of
the sre-related protein tyrosine kinase ick, assoclated with its cytoplasmic tail, with the
TCR-complex.

Thus, the tachnical problem was to provide multilunctional polypeplides that
anhance the specific activation of lymphocytes in the direct nsighborhood of
disease-related celis without imerering with the receptor specificity and/er function
of thase cytalydic ymphocytes.

The solution to said technical preblem s achieved by providing the smbodiments
characterized In the claims.

Accordingly, the present invenfion relates 10 a muMitunctional polypaptide
comprising a first domain comprising a binding site specifically recognizing an
axtracellular epitope of the NKG2D receptor eompisk and a second dormain having
receptor ot ligand function.

The term “multifunctional polypeptide” in connection with the present invention
means a palypeptide that effects under suitable (alsc in vitro) conditions, such as
physialogical including pathological, such as In vive or ex vivo conditions at loast
two, such as three, four, five or six different hiological funciions. Physiclogical in
vitto conditions includs buffered sattions, such as phosphats buffered soluticns in
the pH range of 5 to @ and can be further derived fram the appended exarnples,
These tunclions are as specified further hélow. Thay inchide binding of the
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spacified domains with the molecules further specified hargin. Binding may
subsaquently trigger a further biological function including the onset of a cascade,
hinding 10 receplors, modulation of signaling pathways or of gene expression
and/or influence on apoptotic cell-death. At least two of these domains conferring

differing biclogical functions and preferably the twe domains specffied herein

above do not paturally oceur logether, ie. do not naturally occur in this
configurafion er at all on the same polypeptide or protein or protein complex.

The term “receptor or ligand function” refers to a naturally occurring or non-naturally
ceeurring binding function of & moleculs sush as a naturally cocuring receptor that is
preferably located on a cell sudace with a fitiing ligand;, Examples of such
receptor/ligand pairs are antibodies/antigens or other members of the |g superfamily
and their corresponding  ligands  or  hormone  receptorsfhormones or
carbohydrateftectin interactions. Ligands in general, bul not exclusivoly, refer to
moleculss that have & natural binding partner. In correspondence with the above, they
may be antigens or hormones. However, they may alsa be of nop-natural
configuration or origin. Receptors/ligands as describad above may be of natural arigin,
of recombinant or (semi} synthetic crigin.

MKG2D s a C-type lecin-liie NK cel recsptor (Houching (1991} J.Exp.Med,
172;1017) that forms the NKG2D receptor complex togather wih DAP10 (Wu {1898)
Soienoe 205 730), DAP10 canies an activating sequence motif for Ply-kinase in s
cytoplasmic domain and acts as signal transduction module for NKG2D that lacks
signaling molifs in its cytoplasmic demain. Engagement bf this receplor complex
triggers a signaling cascade capable of inducing Ni call cytotoxicity. Lilke other NI cell
receptors, the NKG2D recaptor complex was also found to be expressed in certain T
cell sbsets, namsly v/8-T cells, GR8" o/F-T cells and in a diminishing minority of CD4*
w/R-T cells {Bauer (1899) Scienne 285 727).

NK cells are dominant effectors of hurnoral immune responses, that gain antigen

speciicity through binding of lyG-antibadies o thelr surtace Fo-teceptor CONE. Thus,
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CD16 acls as spadilic antigen receplor snabing antbody-armed NK cells 1o destroy
target cells in an antigen specific manner.

Tymphocytes are the effectors of cellular immune responses, that carry the TCR-
compiex as speciiic antigen receptor, The TCR-complex is composed of several
invariant chains including the GD3-complex and the zeta chain as well as two variable
chains that confer the clenotypic antigen specificity. Depending on the fype of variable
chains found in the TCR-somplex (sither @ and f-chain or v and &chain), T-
Wmphotyles can be divided into of- and w8-T cells. TCR-mediated recognition of
target cells by cytotoxic T-ymphocytes e, CD8* o/B-T eelis and w8-T cells usually
leads to iarget cell lysis.

The majority of known lymphocyte-directed bispacific antibodies either recruit NK cells
or T cells only, NK cells are usually recrufted through engagement of CDH8, forming
the major extraceliular part of the Foyreceptor INA complex, while T cell recruitment is

usually mediated through engagement of CD3, an invartant mul-chain component of

" the T cell receplar {TCR), Bispecific antibodies directad at the zeta chain associated

with GD16 on NK cells as well as with the TCR on T cslls, are capabte of angaging
both types of effector lymphocytes (WOO0/03016). However, bispecific antibodies
dirsoted at the zeta chain, ke those divected at GD3, also activate non-cytotoxic CD4*
T cells, that in vivo unlike CDE” T cells sontribuie to undesired side effects e.g. due o
systermic cytekine release without essentially contributing to the cytotoxic elimination of
iarget cells.

The NKG2D-specific multiunctional maolectles of the invention fwhich are in preferred
embodiments bifunctional molecules comprising said fivat and second dormain referred
1o above) in contrast to lymphocyte-diracied bispecific antbedies known in the prior art
are capable of recrulling with excepficnal precision the entire range of lymphocytos
that naturally canry a cytotoxic phenotype i.e, NK cell, GD8* o/B-T calls and v/&-T cells
without essentfally touching cther cell types like CD4* o/B-T calls that are usually not
oytoiexio,
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The tern “recruitrernt of cytotoxic lymphocytes” as usad in the present invention is
nat limited to redirected tysis but also comprises enhancement of cytotoxicity and
T-cell priming.

Thus, the NKG2D-diracted malecules of the invention are unique due to their
precision of exhaustively but also exclusively recruiting all refevant cytotoxic
lymghocytea, In further contrast fo lymphocyle<directed bispecific antibodies
lknown in fhe prior art, the muliifunctional molscules of the Invention netther
directly nor indirectly engage 1ihe speciiic antigen receptors of cytotoxie
wmphoeytes including the upstream cytoplasmic steps of the corresponding
signaling cascades. In other words, functien of the T-cell receptor complex is not
impaired since the multifunctional polypeptide of the invention does not bind
thereto. The signaling cascade downstream of the signal confetrad by the T-cell
recaptor is thersfore not affscted by the interaction with the multifunctional
polypaptide of the invention. As a result, activation andfor proliferation of pytotoxic
lymphocytes (s selectively supporiad, that due to their antigen receptor specificity
ars engagad in & specific immune response against those targel cells recogrized
by the multifunctional moleciles of the invention.

Said upstraam signaling cascade i T- and NK-cells cornprises ITAM polypeptides,
Sre Kinases, ZAP-70/Syic and adapior proieins such as LAT and SLP-76 responsible
for the recrutmant of effector moleculss of the downstream signaling cascede. The
downetream signaling casoade compiises mofeouies iike the Fl3-kinase as well as
PLCy, Gib2, Vav, Cbl and Nek,

By avciding fhe engagemeni of specific anfigen recaptors andior tha upstream
cytoplasmic steps of the comesponding signaling cascades the mulfifunctional
molecules of the invention advantagecusly interfer to a smaller degrae with specific
antigen racognition than other lymphocyte-difected bispecific antbodics keown in the
prior at that 8.g. bind o CD16 of the Foy-receptor complex an NK cells or 1o the CO3-
component of the TCR-complex on T-lymphocytes. In particular, lymphooyte effector
supctions madiated by a target cell specific immune response may be overrulad
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through engagement of specific antigen receptors andfor the upstream cytoplasmic
steps of the corresponding signaiing cascades by bispeciiic antibodies of the prior art.
In contrast, the multifunctionsl molecwies of the invadtion by engaging the NKG2D
recaplor complex, which is neither directly asscciated with specific antigen receptors
nor with the upstream steps of thelr cytoplasmic signaiing cascades, are capable of
ennancing the activation of inge cyotoxc lymphocytos that recagnize the same
target nell through their specilic antigen recsptar.

This explaing the surprising result described in the appended examples, that an
NKG2D-mediated signal can accelerale priming of naive CD3* T-cells even in the
presence of
{ a strong primary signat mediated through engagement of the antigen
specific T-vell receptor complex and
i) maximum co-stimuiation provided by B7-1, the dominant mediator of the
sacond T-call signal,

Furthennore, it was surprisingly found, that the cytotoxicity of GDBF T-cells and NK-
calls triggeved by the engagement of the TCRcomplex or C.D16, respectively, can be
enhanced through an NKG&2D-mediated signal (Example &),

Wast surptisingly, however, NIK- and T-cell cytotoxicity as wall as T-cell priming could
be evan enhanced by NKG2D-direcied antibody molecutes, which by themsslves did
rotinduce any substantial redirected lysis (Examples 5 and 8).

Thus, multifunctional NKG2D-directed polypepiides of the invention with difforent
properies of recruiing cylotoxic  lymphocytes may be advantageously selected for
differsant purposes. For example, i pure mmunomodulation is required, NKG2D-
directed molecules may be prefored, which do not induce re-directed lysis by
themssives. However, target oell elimination may be more pronounced when
rulifurctional NKG2D-directed polypeptides are used that directly rigger lymphocyte
cytotoxity. Morecver, muftifunciional NKG2D-directed poiypeptides, which differsntially
recruit CD8* T-cefls and NK-calls, may be aleo preferable for certain appiications.
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In & preferrad embodiment of the method of e present invention said hinding sita is
the binding site of an immunoglebulin chain.

in another preferred embediment of the method of the present invention said hinding
sits [s a natural NKG2D-figand of said raceptor compiex.

In a particularly preferred embodiment of the method of the present invention said
natural NKG20-ligand is selected from the group consisting of MIC-A, MIC-B, ULBP1
ana ULBP2.

In ancther preferred embodiment of the method of the present invention said
binding site specitically recognizes an extracellular epitope of NKG2ZD or of
DAP10.

Further, in a preferred embodiment of the method of the present invention said
recsptor or ligand tunction is an antigen binding site of artibodies or fragments or
derivatives thereof against tumor associated antigens, antigens of infective agenis
or surface markers of sub-populations of cells such as differentiation antigens (CC
antigens), natwa! ligands or receptors or fragments thereot or modifications
thereof that interact with tumor associated antigens or surface markers, preferably
hereguling, hinding to the tumer associated antigens erbB-2, -3 and —4, D4 that
interacts with gp 120 of HIV infected cells or melanocyte stimulating hormen
(MSH) that binds to the MSH recepior on melanocytes and tumors derived
therefrom  (maligne melanomes) or chemokines hinding to comespending
chemokine receplors, or MHG molecules or fragments thereod compiexed with
peptides thai bind to T-cel! raceptors of predefined specificity and thus recognize
ceortain T-ceft sub-populations or antigen binding sites of T-cell recepiors that
specifically  interact  with  predefined MHG  peptide  complexes, or
NKp48 which interacts with haemagglutinin (HA)} of influenza virus.
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Previous reporis indicated that hasmaggluiinin of Influenza virus can enhange
lysis of virus-infeciad target cells by MK cells as well as activate NK cells directly
{Trinchigre, Adv, Immunol. 47 {(1889), 187-376 and Alsheikhly, Scand J bmmunol.,
17 (1983), 12%-38 and Alsheikhly, Scand J Immunol. 22 {1885), 528-38}. It was
shown very recantly that a fusionprotein consisting of the exiracs!fular domain of
NKpds and the Fc porion of immunoglobuin ({lg) diroclly bound to
haemagglutinin-neuraminidase {HN} giycoptotein expressed on the cell surface of
iransiently transtacted 293 cells (Mandelboim, Mature 408 {2C01), 1055-60).
Addition of MK Gal cells, a NK line derived from healthy donor peripharal blood
lymphocyies induced lysis of HN-transfecled 293T cells ai least four fold more
sfficiently than of non-transtected cells (Mandelboim, Nature 409 (2001}, 1065-
60). The same results were obtained for Influenza virus infected target cells.
These data indicate that there is a direct ineraction betwsen MNKp46 and
haamagglutinin, and, further, demonstrate that the mechanism for slimination of
Influenza virus infected cells by NK ceifs is due to the interaction of
haemagglutinin {HA) axposed on virus infected cells and NKp4s expressed on the
surface of Ni cells.

Said receptor or ligand function which is capable of binding to heemagglutinin (HA) of

influenza vinus is for example derived from meonoclonal antibodias like;

a) mehaclenal antibody 1IB4 binding to residues 155, 159, 188, 189, 193, 198,
189, 201 of influenza A virus strains H3 {Kostolansky, J Gen 84 (20000, 1727-
36).

[5)] menoclonal antibody LMBHES derived from mice sequentially immunized with
bromelain-clegved hasmagglutinin (BHA) from influenza virus A/Aichi/i2/68,
AlViclonia/3/75 ard A/Philiopines’z/82 (all HANZ) which recognizes HA of HaNg
influsnza A strains (Vanlandschoot, J. Gan. Virol. 79 (1998), 1781-91).

c) monoclonal antibody (MoAb) Ct7e directed to the stem region of HA-H2
{Lipatov, Acta Virol. 41(19897), 337-40}.

In this embodiment, said second domain represents In one preferred embodiment an
antigen which is the exiraceliuiar part of a surface malecule on cells that ave involved
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in pathologic processes of human diseases ke e.g. cancer, viral infections or
autoimmune conditions. Efimination or functional silencing of such taret cells may be
faciiiated by In vive application of the bifunctional molecdies of e invention, thus
providing therapeutic benafit.

“Fragments” of said antibodies retaln the binding specificity of the complate antibodies
and include Fab, F{ab'); and Fv fragmeants. “Derivatives” of said antibodies also retain
the binding specificity and include scfv fragments, For frther information, see Marlow
and Lane, “Antibodies, A Laboratory Mammal” CSH Press, Cold Spring Harbor 1988

Human cancer diseases may be, for example, cancers like mamma carcinoma,
breast cancer, colon carcinoma, pancreas carcinoma, ovarian carcinoma, renal
celi and cervix carcinoma, melanoma, small cell lung cancer {SCLC), head and
neck cancer, gasiric carcinoma, rthabdomyosarcoma, prostate carcinoma, folicular
Non-Hodgkin lymphoma (NHL), B cell lymphome, multiple myeloma, T and B cell
leukemias and Hodgkin lymphoma.

Tumor associated antigens comprise pan-carcinoma antigens fike CEA (Sundblad
Hum. Pathol. 27, (1996) 287-301, llantzis Lab, |nvest. 76(1997), 702-16), EGFR type !
(Nowd, Int. J. Mol. Med, 6 (2000), 495-500) and EpCAM (17-1A/KSA/GAT33-2, Balzar
J. Mol. Med. 77 {1899}, 699-712). EGFR type | Is especlally avatexpressed in glioma
and EpCAM in colon 'carcinoma, MRC {minimal ’ ragidual disease} and colon
carginoma, EGFR type Il (Her-2, EB2, Sugano Int. J. Cancer 59 (2000), 326-36) is
upregulated in mamma cercinoms and TAG-72 glycaprotein (STN antigan, Kathan
Arch. Pathol. Lab, Med, 124 [2000), 234-8) was found to be expressed in hreast
canger. EGFR dalation necepitope might also play a role as tumor associated antigen
{Sampsoen Proc. Natl. Acad. Sci. U § A $7 (2000), 7503-8), The antigens A33 (Ritter
Biacherm. Biophys. Res. Commun. 236 (1997}, 682-8), Lewis-Y {DiCare Onco.! Rep.
B {2001), 367-92), Cora Antigen (CEA-related Ceil Adhesion Molecule CEACAM 5,
CDE6c, NCA-80, Kinugasa, int, J. Cancer 76 {1998), 148-53) and MUC-1 (Mugin) are
associated with colon carsinoma (lida Cncol. Res. 10 {1988), 407-14), Thomsen-
Fiiedgnreich-antigen (TF, Gal13-3GaiNAcot-O-Thv/Ser} is not only found in colon
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carcinoma. (Baldue Cancer 82 (1398), 1019-27) hut alsc in breast cancer (Qinsky
Cancer. Res. 60 (2000), 2684-8). Overexpression of Ly-§ {Eshel .J. Biol. Chemn. 275
(2000), 12883-40) and dosmaglein 4 in head and neck cancer and of E-cadhenin
neoepitope in castiic carcinoma was described {Fukudome int. J. Cancer 88 {2000},
§79-83). Prostate-specific membrane antigen (PSMA, Lapidus Prostals 45 {2000),
360-4), prostate stem cell antigen (PSCA, Gu Oncogene 191 (2000) 288-96) and
STEAP [Hubert, Proc Nall Acad Sci U S A 86 (1998), 14523-8) were associated with
prostate cancer. The alpha and gamma subunit of the fefal fype acetykholine receptor
(AChR) are specific immunohistochemical markers for rhabdomyosarcoma (RMS,
Gattenlohner Diagn. Mol. Pathol. 3 (1998), 120-34).

Assaciation of CD20 with fallicular non-Hodgkin lymphoma (Yatabe Blood 85 (2000,
2253-61, Vose Oncology (Huntingt) 2 (2001) 141-7), of CD19 with B<ell lymphorna
(Kroft Am. J, Clin, Pathol. 115 {2001}, 385-85), of Wue-1 plasma cell antigen with
multiple mysloma {Greiner Virchows Arch 437 (2000), 872-8), of CD22 with B cell
leukemia {dArena Am, J. Hematol. 64 {2000}, 275-81), of CD7 with T-cell leukemia
{Pomit-Macfionald Lsuksmis 14 {2000), B16-25) and CD2S with eertain T and B cell
leukemias had besn descrived (Wu Arch. Fathol. Lah. Med. 124 (2000), 1710-8).
CD30 was associated with Hodgkin-lymphoma (Mir Blood 96 (20003, 4307-12).
Exprassion of melanoma chondroitin sulfate protsoglycan (MCSP, Elsenmann Nat.
Cell. Biol. 8 (1599), 507-18) and ganglioside GD3 was chserved in melaroma, (Welie
Exp Dermatol 2 (1897), 64-8), while GD3 was also found in smali lung call cancer
(SCLC, Brozicka Lung Cancer 1 {2000}, 29-36). Expression of ganglioside GD2 was
alse upreguiated in SCLC and in neurcblastoma (Cheresh et al. Cancer Res. 10
(1996), 5112-8). Ovarian carcinoma was assoclated with Muellerian Inhibitory
Substance (MIS} receptor type It (Masiakos Clin. Cancer Res. 11 (1998), 3488-69)
and renal as well as cenvix carcinoma with expression of carboanhydrase 9 (MN/CAIX,
Grabmaier Int. J. Cancer 85 (2000} 865-70). Elevated expression levels of CA 19-9
were found in pancreas carcinoma (Nazli Hepatogastroenteralogy 47 (2000}, 1750-2).

in a most preferred embodiment of the method of the present invention said
umor-assaciatad antigen is selected from the group consisting of Lewis Y, CEA,
Muc-1, erbB-2, -8 and —4, Ep-CAM, E-cadherin neoapitope, EGF-receptor {.g,
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EGFR type | or EGFR type I}, EGFR deletion nscepitope, GA19-8, Muc-1, LeY,
TF-, Tn- and sTn-antigen, TAG-72, PSMA, STEAP, Cora antigen, CD7, GD19 and
Ch20, CD22, CD25, Ig-a and lg-f, A33 and G250, CD30, MCSP and gpioo,
Ch44-v8, MT-MMPs, {MIS) receptor type ), carboanhydrase 9, F19-artigen, Lyg,
desmoglein 4, PSCA, Wue-1, GD2 and GD3 as well as TM4SF-antigens (CD63,
L6, CO-28, SA%) or the alpha and gamma subunit of the fetal type
acetylcholinreceptor (ACHR).

Infiuenza A, B and C all have a segmentad genome, but only certain influenza A
sublypes and influenza B causs severs disease In humans. The two major
proteins of influenza are the surface glycoproteins-hasmagghitinin {HA) and
neuraminidase (NA). Haemaggiutinin (RA) is Involved in the binding and

membrane fusfon of virus paricles to host celle raceplors and represents the

major target for neutralizing antibodies, nfectivity of infiuenza depends on the
cleavage of HA by specific host proteases, whereas NA is invalved in the releass
of progeny virions from the cell. In birds, the natural hosts of influgnza, the virus
causes gasirointestinal Infection and (s tranamitied via the faeco-oral route. In
marnmals, replication of influenza sublypss appears restricted to respiratory
epithelial cells but systernic complications can oocur,

Aubella virus (RY) is the causative agent of the disease known ss msastes.
Rubella is predominantly a childhood disease and s endemic throughout the
world, Natural infections of rubella aceur only in humans and are generally wiid
but complications like polyathralgia can occur in adults. RY infestion of women
during the tirst trimester of pregnancy can induce a spactrum of congenital dafects
in the newbom, known as congenital mubella syndrome (CRS). The pathway
whereby RY infection leads o fteratogenesis ‘has nol been alucidatad.
Cytopathology in infected fetal tissues suggests necrosis andfor apopiosis as well
as inhibiiion of celt division of precurser cells involved in organogenesis. Rubellz
virus (RV) virions contain two glycosylated membrane proteing, E1 ang E2, that
exist as a heteradimer and formn the viral spike complexes an the virion surace.
Formation of an E1-E2 hetstodimer is essential for intraceltutar transport and cafl

JP 2004-500108 A 2004.1.8



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

(63)

WO OUTIN0S PCT/EPNI03414
1z

surface ewpression of both E1 and EZ2 (vang, J. Virol, 72 {1998), 8747-8755).
Glycoproteins £1 and E2 expressed on rubella virus infected cells represent target
motecules for binding of multifuncticna! polypaptides of the invention.

Rabies is an important disease in wildlife and deg rabiss is stil & major public health
probfem in many developing counties of the warld. Rabies virus is transmitted in
saliva by animal bites. Most recently bats were found fo transmit rabies to humans,
often without known exposures. In jits classic form, rabies is wsil recogrized, but i
cases with a paralytic ilness mimicking Landre’s Guillain-Barre syndrome diagnosis
remains problematically. After exposure rables can be pravented in non-immunizec
patients by local wound cleansing and application of rabies vaccine and human
rahies-specific immunagiobulins.

Habies glycoprotein RGP is a 505 amino acid type | transmembrane glycoprotein
which is impartant in the biology and pathogenesis of rahles virus infection. RGP
also stimulates the development of neutralizing antibodies by the host, N-linked
glycosylation is reguived for inununogenicity and celt surface expression of RGP
{Woajezyk, Blochemistry 34 {1895), 2599-2608). RGP of rabies virus axpressed on
the surface of infected cells represents a target moleculss for binding of
muttifunctional polypeptidas of the invention.

in another most preferred embediment of the method of tha present invention said
sitface marker for an Infectad cell is selecled from the group consisting of viral
envelope antigens, e.g. of human retroviruses (HTLV | and Il, HIV1 and 2) er
human herpes viruses (HSYVT and 2, CMY, EBVY), haemagglutinin e.g. of influsnza
virug {infiuenza A, B or C), givcopioteins E1 and E2 from rubslla virus or RGP of
rabies virus,

In another proferred embodiment of the methed of the present invention said
multifunctional polypeptide is a bi‘-speciﬁc rmolecule, prefarably a bi-specific
antibody. For further infarmation about the construction and generation of bi-
specific-antibodies, see WO/O0/Q3805,
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in a paricularly preferred embodiment of the method of the present inveption said
multifunctional polypeptids is selected from the group consisting of a synthetie, a
chimeric and a humanized antibody.

I a further preferred embaodiment of the method of the present imvention sald
multifunctional polypeptide is a single-chain.

In an additional preferred embodiment of the mathod of the present invention said
two domains are connectad by a polypeplide linker.

In ancther praferred embadiment of the method of the prasent invention said first
anc/or second domain mimic or correspond to a Vg and V, region of a naiural
antthody. Examples of such amtibodies comprise human, murine, rat and camel
antibodies; antibodies derived from immoniaized B-cells ts.g, hybridoma cells),
from in vitro section of combinaterial antibody lipraries (e.g. by plage dispiay) or
from Ig-transgenic mice.

in & further preferred embodiment of the method of the present invention at least
one of said domains is & single-chaln fragmeni of the variable region of said
antibody.

In an additional preferred embodiment of the method of the present invention said
domains are rangad in the order ViNKG2DVuNKG2D-VHTA-V-TA, or VL-TA-

VHTA-VENKG2D-V| NKG2D whersin the TA represants a térget antigen.

In a particularly preferred embadiment of the method of the present invention said
umor-associated antigen is selected from the group coneisting of Lewis ¥, CEA,
Mus-1, erbB-2, -3 and -4, Ep-CAM, E-cadherin necepltope, EGF-receptor (e.g,
EGFR type | or EGFR type I}, EGFR deletion neospitope, CA19-9, Muc-1, LeY,
TF-, Tn- and sTn-antigen, TAG-72, PSMA, STEAP, Cora antigen, CD7, CX19 and
CD20, Cb2e, CD25, Ig-a and lg-B, A33 and G250, CD30, MCSP and op100,
CD44v6, MT-MMPs, (MIS) receptor wype 1Y, carnoanhydrase g, F19-antigsn, Lys,
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desmaglein 4, PSCA, Wue-1, GD2 and GD3 as well as TM4SF-antigens (CDA3,
L8, $0-29, SASY or the alpha and gamma subunit of the fetal type
aostylcholinrsceptor {(AChR).

in another parficularty preferred embodiment of the method of the present
inventon said polypeptide linker comprises a plurality of glycine, serine andfor
alanine residues.

In one turther particulady prefarred embodiment of the methad of the present invention
said polypeptide linker comprises a pturality of conseculive copies of an amino acid

SEQUENCS.

Furthermote, in & particularly preferred embediment of the method of fhe present
invention said polypeptids finker comprises 1 to 5, 5 10 10 or 10 {o 15 amino acid
residues,

In & most praferred embodiment of the method of the present inveniien said
polypeptlide linker comprises the amino acid sequence Giy-Gly-Gly-Gly-Ser.

In a furher preferred embodiment of the method of the present invention said
muliifunciional polypeptide comprises at least one further domain.

Target cell spesific immune rasponses may be further supported by combining the
hifunciicral moiecules of the invention with agents that confer costimulatosy or
coactivaling propertios on the target cells.

In ong ziternative of the combination with additional agents, the molecules of the
inwention may thernseives be equipped with additicnal functional domains, that may
be fined e.g, through ancther amine acid linker, These additiora! domains may e.g.
mediate CD28- or CD137-engagement (see below). Furthermaore, it is envisaged that
derivatives of the bifunclional melecules of the invention may be constructed that
contain more than one additiona! functional domain.

JP 2004-500108 A 2004.1.8



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

(66)

WO 01/71005 PCT/EPOLN3414
15

Alternatively, the moleculas of e invantion may be combined wiih more than one
additional agent in & composition e.g. with one of sald molecules engaging CD2§ and
another one engagng CD137.

These agents referred 1o above may eq. consist of a binding site specifically
recognizing the target cells and the extracellular domain of B7-1 (CDBO) or B7-2
{CDas) that interact with CD28 on T- and NK-¢cslls. Alternatively, 87-1 or B7-2 may be
replaced by the binding site of a GD28-specilic aniibody, On T-lymphooytes CD28
acts as costimulatery molecule, which is ahsolutely required in order o mediate the
sc-gafled second signal during primary T eell activation through antigen specific TCR-
angagement (= first signal). On NK cells CD28 contribuies fo the induction of
cytoloxicity against target cells expressing €028 ligands (Chamboers (1996} Immunity
S: 311} Other agenis that may be advaniageously combined with the bifunctional
mualscules of the invention may consist of & binding site specifically recognizing the
target cells and the Linding site of a CD137-specific antibody or the extracsliular part
of the CD137-ligand.

In & most preferred embadiment of the method of the present invertion said further
domain is linked by covalant or non-covalent bonds.

In anginer mast preferred smbodiment of the methed of the present nvention said at
least one further domain comprisss an effector molecute having a conformation
sulitable for biciogical activity, capable of sequestering an lon or selective binding to a
solid support or to a preselecied determinant. ’

I & further mest preferred embodiment of the methed of the present nvention said
further domain confers a co-stimulatory and/or a co-activating function,

& particulariy preferred embodiment of the method of the present invention said co-
stimulatory funclion is mediated by a CD28-ligand or a2 CD137-igand.
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In & furdher pariculary preferrsd ambodiment of the method of the pregent invention
said CO2e-ligand or CD137-igand is B7-1 (CDEO), B7-2 (CDa4), an aptamar or an
antibody or a functionat fragment or a functionat dedvative thereaf,

The term “unctional fragment® of an antibedy & defined as a fragmenit of an antibedy
that ratains the binding spsciiicity of said antbody (see, for example, Harlow anc
Lane, "Anthodies, A Laboratory Manual’ LSH Press, Cold Spring Harbor, 1968).
Examples of such fragments are Fab and Flab)p fragment. “Functional derivatives” of
said antibodies retain or essentially retain the binding specificity of said antibody. An
example of said derivative is an scFv Fragment. )

The invention alse refates to a polynucleotide which upon expression encodes &
multifunctional polypeptide andfor functional parts of a multifunctional polypepiide of
the iwention. The term "unciional part’ is defined in accordance with the invention as
1o the part that confers the spedific function of the first, second or any further domain of
a multifunctionat palypeptide construct of the invention.

The polyruclectide may be DNA, RNA or a derlvative thereof such as PMA,
Preferably, said polynuclectide is DNA.

Furthermiore, the invention relates to a veclor comprising the polynucleotide of the
prasant invention.

Many suitable vectors are known 1o those skilled In molecular biology, the choice of
which would depend on the function desired and include plasmids, coermids, virusss,
bacteriophages and other vectors used corventionally in genetic engineering.
Methods which are well known to those skilled in the art can be used fo construct
various plasmids and vectors; see, for example, the techniques described in
Sarmbrook, Molecular Cloning A Laboratory Manuat, Cold Spring Harbor Laboratory
(1989) MY, and Ausubel, Current Protocals in Molecular Biclogy, Grsen Publishing
Associates and Wiley Interscience, N, (1988), [1994). The vectors of the invention
can ba reconstituted into liposomes for delfivery to farget calls,
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The vactor may be, for example, a phage, plasmid, viral, or rotroviral vector, Retrovira!
vactors may be replication compstent or replication defective. In the fater case, viral
propagation generalty will occur anly in complementing host cells,

Polynuciectides may be joined o & vector contaming A selectable marker for
propagation In a host Generally, a plasmid vectar is infroduced in & presipilate, such
as a calciurn phosphate praclpitate, of in a complax with a charged linid. ¥ the ventor is
a virus, it may be packaged in vitro using an appropriate packaging cell ine and then
transduged into host cells,

The polynuclecfide insert should be operatively linked to an appropriate promoter,
such as the phage lambda PL promoter, the E. coli lag, irp, phoA and tac
pramoters, the SV40 early and late promoters and promoters of retraviral LTRs, to
name g few. Other suitable promotars wilt be known to the skilled arlisan. The
expression constructs will further contain sites for transcription  initiation,
termination, and, in the franscribed region, a ribosome binding site for translation,
The coding portion of the transcripts expressed by ths constructs will preferably
include a transiation initiating codon at Ihe hegimming and a termination codon
(UAA, UGA or UAQ) appropriately positioned at the end of the polypeptide to be
translated.

As indicated, the sxpression vectors will praferably include af least one selectabls
marker. Such markers include dihydrofolate reductase, G418 or neomycin
resistance for eukaryolic cell cutture and tefracycline, kanamycin or ampiciltin
resistance genes for culuring in €. coli and other bacterla. Representative
examples of appropriate hosts ihclude, but are net limited to, bacterial cells, such
as E. coli, Streptomyces and Salmonetia iyphimuriumn celis; fungal cells, such as
yaast cells; insect cells such as Drosophila 52 and Spodoptsra S8 cells: animal
cells such as CHO, COS, 283, and Bowes melanoma cslls; and plant cells.
Appropriate culture mediums and conditions for the above-described host cells ara
known in the art.

Among vectors preferred for use in bacteria include pQETS, pQES) and pQES,
avallable from QIAGEN, inc.; pBluescript vectors, Phagescript veciors, pNHB8A,
phiHi8a, pNH18A, pNH464, available from Strafagene Cloning Systems, Inc.; and
ptic9%a, pKiK223-3, pkK233-3, pDR540, pRITS available from Pharmacia Biotech, Inc,
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Among preferred eukaryotic vectors are pWLNEO, p8VZCAT, pOG44, pXTl and pSG
available from Stratagene; and pSYK3, pBRV, pMSG and pSVL available from
Pharmacia. In general, typical cloning veclars include pBsept sk, pGEM, pUCS,
pBR322 and pGRTY. Typical expression vectors include pTRE, pCAL-N-EK, pESP-1,
pOP13CAT, Cther sultable veciors will ba readily apparent (o the skilled artisan,

Furthermore, one could use, e.g., a m,arﬁmarian cell that afready comprises in s
ganorne a nuclsic acld moleculs encoding a polypeptide as dessribed abave, but does
not exprese the same or not in an appropriate manner due 1o, .0, & weak promoter,
and introduce into the mammalian cell a regulafory sequence such as a strang
promoter In closs proximity to the sndogenous nucleic acid molecule encoding said
polypeptide 50 a5 to induce exprassion of the same.

in this context the term "regulatory sequence” denotes a nucleic acid molecule that
can be used iv increase the expression of the polypeptide, due to its integration o
the genome of a call In close proximity to the encoding gene, Such regulatory
sequences comprise promoters, enhancers, inactivated silancer intron sequences,
FUTR and/er BUTR coding regions, protein andfor RNA stabifizing elements, nuoleiz
acid molecules encoding a regulatory protein, e.g., & transcription factor, capable of
induging or higgering the expression of the gene or other gene expression controf
elements which are known to activate gene exprassion and/or increase the amount of
the gere product, The introduction of said regulatory sequence leads te increase
énci.‘or induction of expression of polypeptides, resuling in the end in an increased
amount of polypeptices in the call. Thus, the present invention is aiming at providing
de nova andfor increased expression of poiypeptides.

The mvention further relates to a cell ransfected with the polynucleotide of ihe present
invention,

The cell of the invention may be a eukaryotic {e.y. yeast, insect or mammaiian) or
prokaryalic cell, Most preferably, the cell of the invention is a mammalian such as a
human oell which may be & membear of 2 cell line e.g. CHO-cells, GOS, 293, or Bowes

melanoma celfs.
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infroductian of the constiuot into the host celt can be effectad by calcium phosphate
transfection, DEAE-textran mediated transfection, cationic Hpid-mediatod transfection,
gactroporation, transduction, infection, or other methods, Sueh methods are described
in many standard labaratory manuals, such as Davig, Basic Mathods In Malecular
Biolagy (1886}, I is specifically contemplated that polypepiides may in fact be
exprassed by & host celi lacking & recombinant vector,

The present mvention further provides nucleic acld molecules comprising a
potynucisotide encoding uwpon expression a multifunctional polypeptids  andfor
functional pans of a multitunctional pelypeptide of the invention as described herein
and in the appendad exampies. The nucleic acld sequence of two different fragments
of human NKGZD #om nuclectides {nt) 84 lo 462 and from (nt) 123 to 462
corresponding to amina acid sequences SEQ 1D 3 and 4 were PCR-amplfiied from the
cDNAdemplate shown in Figure 1. The resuliing plasmids VV1-NKG2-D {nt 64-462)
and VW1-NKG2-D {nt 123-462) were used to immunize tes 5 to 8 weeks old BALB/c
mice as mentioned in the appended examples, Resulting ymphocytes were fused with
882/0 mouse myeloma cells (American Tissue Type Collection, USA) in order to
perform hybridoma  selection as indicated in the appended examples. Three
hybridomas designated 1182, BG7 and BE5S were shown 1o produce monecional
anthodies reaciive with native NKG2D on the surface of both human CDE* 7-
lymphooytes and NK-calls (tar fudher information see appended examples).
Supematants of the subclenes 1182010, 8GTC10 and BESAT were shown 1o reast
with NKG2-D on CDSE* NK. and CD8* T cells (as demonstrated in the appended
examples). These subclones were depcsited, at the DSMZ-Deutsche Sammiung von
Mikroorganismen ‘und  Zeflwluren GmbH, Mascheroder Weg b, 38124
Braunschwaig, Gemmany on March 23, 201, in accordance with the provisions of the
Budapest Treaty and giver accession number DSM DS

and DSM , respactively.

Adcitionally, the invention relates to a method for the praparation of the muitifunctionat
polypeptide andior pants o the multitunctional polypeptice of the invention comprising
culiuring a cell of the present invention and Isolating said mullifunctional pelypeptide or
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funciional parts theredf from the culture as described for example by Mack, 1995,
PNAS, 92, 7021.

Polypeptides can be recovered and purified from recompinant cell cultures by welk
known msthods inbiuding ammoenium suffale or ethanol precipitation, acid extraction,
anion or cation exchange chiomatograpily, phasphocellidose chromatography,
fydrophobic interaction chromatography, affinity chromatography, hydroxylapatiie
chromatography and lectin chromatography. Most praferably, high performance liquid
chromatography ("HPLC") is employed for purification,

Dapending upon the hosl employed in a recombinant production procedurs, the
palypeptides may be glycosylated or may be rnon-glycosyialed. In  addition,
polypeptides may also includs an initial (modified) methionine residue, in some cases
as a rasult of host-mediated processes, Thus, it is welt known in the art that the N-
tenminal methionine encoded by the transtation initiation codon gensrally is removed
with high efficiency from any protein after fransfation in all eukaryotic celis, While the
MN-terminal meathionine on most proteins also is efficiently removed in most
prokaryotes, for some proteins, this prokaryotic removal piecess is insfficient,
depending on the naturs of the amine acid to which iha N-terminal methionine is
covalenily linked.

It (s also to be understood that the proteins can he expressed in a cell free system
using for example in vitro translation assays known in the art.

The tarm “expression” means the production of & protein or nuclectide seaquence in
the cell. However, said lerm also includes expression of the protein in a cel-free
system. It inclades transcripiion into an PNA product, post-transcriptional moclification
and/or translation 1o a prctein prdduct of polypeptide from a DNA encoding that
pioduct, as. well as possible postranslational modilications; see also supra.
Depending on the specific constructs and conditions used, the protein may be
recavered from the cells, from the culture medium or from both, The terms "protein’
and "polypeptide” used in this application are interchangeable. "Polypeptide® refers to
& polymer of amine acids faming acid sequence} and does not refer 10 & specific
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length of the molecule. Thus peptides and oligopeptides are ncluded within the
definition of polypeptide. This term dees also refer to or include posttranslational
modifications  of the polypepticle, for example, glycesylations, acetylations,
phesphonyations and the like; see also supra. Ingluded within the definition are, for
exampte, polypepiides containing one or more analogs of an amino acid {including, for
example, unnatural amino acids, ete.), polypeptides with substituted linkages, as well
as other madifications known in the art, both naturally occurring and non-naturaliy
occurring. For exampie, it is well known by the person skilled in the art that it is not
only possible to express a native prolein but also 1o express the protein as fusion
polypeplides or to add signal sequences directing the protein to specific compartments
of the host cell, ¢.g., ensuning secretion of the protein into the culture medium, etc. The
protein of the invention may also be expressed as a recombinant protein with one
(polypeptide) or more addiional polypeptide domains added to facilitate protein
purification. Such puification laciitaling demains include, but are not imiied to, metal
chelating peplides such as histidine-tryptophan modules that allow purification on
immobilized metals, protsin A domains that allow purfication on immabilized
Immunoglobuiin, and the domain utilized in the FLAGS extonsion/affinty purfication
systom {Immunex Corp, Seattle WA). The inciusion of a cleavable finker sequences
stich as Factor XA or enterckinase (Invitrogen, San Diego CA) between the
purification domain and the protein of intersst is uselul to faciitate purification, One
such expression vector provides for expressian of a fusion protein cormpromising a cell
oycle interacting protein and confains nucleic acid encoding 6 histidine residues
followed by thioredoxin and an enterckinase cleavage site. The histidine residues
facilitate purification on IMIAC {immobilized metal ion affinity chromatography as
dascribed in Porath, Protein Expression and Purification 3 {1892), 2683-281) while the
enterokinase cleavage site provides a means for purifying the protein from the fusion
protein, In additicn to recombinant production, fragments of the pretein of the invention
may be produced by direct peptide synthesis using solid-phase tachniques (of Stewart
et al (1959) Solic Phass Peptide Synthesis, WH Freeman Co, San Francisco;
Merrifield, J. Am. Chem. Soc. 85 (1963}, 2149-2154). in vitro protein synthesis may be
performed using manual techniques or by autornation. Automated synthesis may be
achievad, for example, using Appited Biosystems 431A Peptide Synthesizer (Perkin
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Elmer, Foster City CA) in accordance with the instructions provided by the
manufacturer. Various fragmenis of the polypeplide of the invention may be
chemically synthesized andfor modfied separately and combined using chemical
methods to produce the full length meleculs, Once axpressed ar synthesized, the
protein of the present invention can be purified according to standard procadures of
the an, including ammonium sulfate precipitaion, affinly columns, column
chromatography, get electrophoresls and the fike; see, Scopes, "Protein Purification”,
Springer-Verlag, N.Y. (1982), Substaniially pure proteins of at least about 90 to 95%

- hormageneity are praferrad, and 98 to 99% or more hornogeneity are most preferred,

for phamnageutical uses. Once purified, partielly or io hormogenefty as desired, tha
proteins may then be used therapeutically {including extracnrporéalty] or in developing
and performing assay procedures,

The invention alsa relates to a compasition comprising the polypeptide of the present
invention, the palynusleotide of the invention or the vector of the prasent invention.

In a preferred embodiment of the composition of the present mvention said
composition further comprises a molecule confarring a co-stimulatory andlor co-
activating function, .

In this embediment, the composition may comprise a mufiiunctional polypeptide that
comptises or does not comprise said futher domain as defined herein above. If the
multifuncticnal polypeptide comprises a further domain that confers ca-stimulatory
andfor co-activating function, then said furihar molecule comprised in the compastion
of the: invention may have the same or a different co-stimulatory andior co-activating
function,

In saict composition, the comprised ingredients are packaged togsther as separately in
ane of more containers such as vials, preferably under sterile conditions, aptionally in
buifers or aqueous solutions, some of which are further spacified hersin below,

in a particulary preferrad embodiment of the compasition of the present invention said
co-stimulatory function is mediated by a CD28-ligand or a GD137-ligand.
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In another particulaily preferred embodiment of the composition of the present
invention said CO28-ligand or CD437-igand is B7-1 (CD&), B7-2 (CDEE), an apiamer
or an antibody or a funciional fragment or a functional derivative thereof.

In & further preferred embodiment of the composition of the present invention said
composition is & phamaceutical composition optionally further comprising a
pharmaceufically acceptable carrier,

The compositions can also include, depending on the fonmulation desired,
pharmaceutically accepiable, usually sterils, non-toxic carriers or dilusnts, which
are defined as vehicles commenily used to formulate pharmacsutical compositions
for animal or human administration. The diluent is selected so as not i affect the
biological activity of the combination. Examples of such diluents are distillsd water,
physiological saline, Ringer's solutions, dextrose solution, and Harnk’s solution. In
addition, the pharmaceutical compoesition or formulation may giso include other
carriars, adjuvants, or nontoxic, nontherapeutic, nonimmunogenic stabilizers and
the Wike. A therapsutically effective dose refers to that amount of protein or jfs
antihadies, antagenists, or inhibitors which ameliorate the sympioms or condition.
Therapeutic efficacy and foxicity of such compounds tan be determined by
standard pharmaceutical procedures in cell cuifures or expetimental animals, e.g.,
EDS0 {the dose therapeutically effective in 50% of the population} and 1.DS0 fthe
dose lethal to 50% of the population). The dose ratio between therapeutic and
ioxic effects is the therapeutic index, and it can be expressed as ihe ratio,
LDEO/EDS0.

Further examples of suitable pharmaceutical carriers are weli known in the arnt and
include phosphate buffered saline solutions, water, emulsions, such as oifwater
emulsions, varicus types of wetling agents, sterle schilions efc. Compositions
comprising such camriers can be formulated by well known conventicnal methods.
These pharmaceutical compositions cén be administered to the subject at a suitable
dose. Administration of the suftable compositions may he sfiscied by different ways,
e.g., by intravenous, intraperifoneal, subculaneous, intramuscuiar, topical or
intradermal admiristration. The dosage regimen will be determined by the atending
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physician and clinical factors. As is well known in the medical ants, dosages for any
one palient depends upon many factors, including the patient’s size, body surface
area, age, the particular compound fo be aoministered, sex, time and route of
adminisiration, general health, and other drugs heing administered concurrently. A
typical dese can be, for example, in the rangs of 0.007 to 100G ug {or of nucleic acid
for expression or for inhibition of sxpression in this rangs); however, doses below or
above this exemplary range are envizioned, especially considering ths
aforementioned factors. Generally, the regimen as a ragular administration of the
pharmacedtical compaesition should be in the range of 1 pg to 10 mg units per day. If
the regimen is & continucus infusion, it should also he in the range of 0,1 ugto 10 mg
units per kilogram of body weight par minuts, respectively,

Ths daity cral dosage regimen will preferably be fiem about 0.1 to about 80 mghkg of
total body weight, preferably from abeut 0.2 1o 30 mg/kg, more preferably from about
0.5 mg to 15 mg. The daily parenieral dosage regimen about 0.1 pgfg to about 100
mg/kg of toia!l body weight, preferably from abouwt 0.3 pgrkg to about 10 mgikg, and
mare preferably from about 1 pg/ko io 1 mg/hg. The daily tapica! dosage regimen will
preferably be from 0.1 mg o 150 mg, administered one to four, preferably two to three
times daily. The daily inhalation dosage regimen will prefsrably be from about 0.01
mg/kg to about 1 mgikg per day.

Progrees can be monitored by periodic assessment. Dosages will vary but a preferred
dosage for intravencus administration of DNA is from approximately 107 to 10% copies
of the DNA molecule, DNA may also be administered direcily to the targei site, e.g., by
biclistic delivery to an inlemnal or extamal targst sife or by calheter to a site in an arlery,
The compnsifions compiising, .q., the polynucleotide, nucleic acid molecule,
polypeptide, antibody, compaund drug, pro-drug or pharmaceuiically acceptable
salts thereal may conveniently be administered by any of the routes conveniionally
used for drug administration, for instance, orally, topically, parenterally or by
inhalation. Acseplable salts comprise acetate, methylester, HCGI, sulfate, chloride
and the fike. The drugs may be administered in conventicnal dosage forms
prepared by combining the drugs with standard pharmacsutical carriers according
to conventional procedures, The drugs and pro-drugs identified and obtained in
accordanca with the present invenfion may also be administered in conventional
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dosages in combination with a kaown, second therapeutically active compound.
Such therapeutically active compounds comprige, for example, those menticned
above. Thess procedures may involve mixing, granulating and compressing or
dissolving the ingredients as appropriate to the desired preparation. It will be
appreciated thai the form and character of the pharmaceutically acceptable
character or diiuent is dictated by the ameunt of active ingredient with which it is {o
be combined, the route of administraiion and other well-known variables. The
carrier{s) must be "accepiahle” in the sense of being compatible with the other
ingredients of the formulation and not deleterious to the recipient therecf. The
pharmaceutica!l carrier empioyed may be, for example, efther a solid or liguid.
Examplaty of solid carriers are laciose, tera alba, suorpse, iale, gefatin, agar,
pactin, acacia, magnesium siearale, stearic acid and the like, Exemplary of liquid
carriers are phosphate bufferad saline solution, syrup, il such as peanut il and
ofive oil, water, entiisions, vatious types of wetting agenis, stertte selutions and the
liks. Similarly, the carrigr ar diluent may include tims daelay material well known 1o
the ar, such as glyceryl mono-stearate or glyceryl dislearate aione or with a wax.
A wide varely of pharmaceutical forms can be employed, Thus, if a solid carrier is
used, the preparalion can be tableted, placed in & hard gelatin capsule in powder or
peliet form or in the form of a troche or lozenge, The amourt of solid carrisr will vary
widely but preferably will be from about 25 mg to about 1 g. When a liquid garrier is
used, the preparation will be in the form of a syrup, emulsion, soft gslatin capsule,
starfle injsctable liquid such as an ampule or nenaqueaous liquid suspensicn.

The composition may be administered topically, that is by non-systemic administration.
This includes the application extemally to the epidermis or the buccal cavity and the
instifation of such a compound into the ear, eye and nose, such that compound does
not significantly enter the biood streamn. In corrast, systemic administration refers 1o
aral, intravenous, intrapsritoneal and intramuscular administration,

Formuiations suitable for lbpical admin[stration includs  llguid or  semi-figuid
preparations suitable for penetration through the skin to the site of inflammation such
as liniments, iotions, creams, oiniments or pastes, and drops suitable for
administration to the eye, ear or nose. The active ihérediem may compiiss, for topical
administration, from 0.001% to 1G% wiw, for insiance from 19 to 2% by weight of the
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formulation. !t may however comprise as much as 10% wiw but preferably will
comprise less than 5% ww, mare preferably from 0.1% to 1% wiw of the formulation.
Loiions according to the present invention include those suitable for application to the
skin ar eye which ate suitable, for example, for uss in UV pratection. An eye [otion
may comprise a sterile aguecus solution optionally containing a bactericide and may
be prepared by methods similar to those for the preparation of drops. Lotions or
liniments for application to the skin may also incfude an agent fo hasian drying and to
cool the skin, such as an alcohol or acetone, andfor a meisiurizer such as glyeerol or
an cil such as castor o or arachis ofl.

Creams, oiniments or pastes according to the present ivention are semisolid
fermutations of the active Ingredient for external appiication. They may be made by
miixing the active ingredient in finely-civided or powdered form, alone or in solution or
suspension in an aqueous or nen-aguesus fluid, with the aid of suftable machinery,
with a greasy or non-greasy base. The base may comprise hydrocarbons such as
hard, soft or liquid paraffin, glycarcl, basswax, a metallic soap; a mueflage; an oil of
natural ongin such as almond, corn, arachis, casior or olive oil; wool fat or its
dervatives or & fatty acid such as steric or oleic acid together with an alcohol such as
prepylene glyeol or a macrogel. The formulation may incoporate any suitable surface
active agent such as an anionic, cationic or non-onic surfactant such as a sorbitan
esier or a polyoxyethylene derivative thereof, Suspending agents such as natural

gums, callulose dorvatives or inorganic matetials such as silicaceous silicas, and |

other ingredients such as lanolin, may also be included.

Drops according to the present invention may comprise sterle agueous or ojy
solutions o suspensions and may be prepared by dissalving the active ingredient in a
suitable aquecus soiution of & bactericidal andror fungicidal ageni and/ar any other
suitable preservative, and preferably including a surface acfive agent. The resulting
solution may then be clatified by filiration, ransferred to & suitable cattainer which is
then sealed and sterilized by auioclaving or maintaining at 88-100°C for half an hour,
Altemativaly, the solution may be sterilized by fitration and transferred fo the container
by an aseptic techniqua. Examples of bactericidal and fungicidal agents suitablz for
inclugion in the drops are phenylmercutic nitrate or acetate (0.002%), henzalkenium
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chiotide (0.01%) and chlorhexidine aceiste (0.01%). Suilable sclvenis for the
preparation of an eily solution include giyceral, diuted alechol and propyiene giycol.
The compasition in accordance with the present invention may be administared
parenterally, that is by intravencus, mtramuscular, subcutansous tranasal,
intrarectal, intravaginal or intrapertonsal administration. The subcudanscus and
intramusecuiar forms of parenteral administation are generally preferred, Appropriate
dosage forms for such admiristration may be prepared by conventional technigues.
The composition may alse be administered by inhalation, that is oy intranasa! and oral
inhalation administration. Appropriate dosage forms for such adminiatration, such as
an aercgol formulation or a metersd dose inhaler, may be prepared by conventional
technicues.

In a different preferred embodiment of the composition of the present invention said
compasition s & diagnostic somposition eptianally further compriaing suitable means
for detections.

Said means for defection comprise, for example, (a) chromophore(s), (a) fluarexceni
dyefs), (a) radicnucleotide(s}, hiotin or DIG. These labeling means may be coupled to
nuclectide analogues. Labeling of amplified cDNA can be performed as described in
the appended examples or as described, inter afia, in Spirin {1989), Invast, Opthamol.
Vis. Bcl. 40, 3108-3115,

The present invention also relates o a use of the multifunctional polypeptide of the
present invantion, the polynucleotide of the present ivention or the vector of the
present invention for the praparation of a pharmaceutical composition for the treatment
of cancer, infections andfor autoimmune canditions, cancer, i.e. maligne {sofids)
umors and hematopoielic cancer forns (eukemias and lymphomas), benigne fumors
such as benigne hypemplasia of the prostate gland (BPH), autonomous adenomes of
the fhyroid gland or of other endocrine glands or adenomas of the golon; infifal stages
of the malignancies, infectious diseases, eaused by viruses, bacteria, fungi, protozea
or helmints, aute immune diseases wherein the elimination of the subpopulation of
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immune cells is desired that causes the disease; prevention of transplant rejection or
allergies.

in & preferred embodimsnt of the use of the present invention saidl infsction is said
infaction is a viral, a bacterial or a fungal inlection, wherein said cancer is a head ard
neck cancet, gastric cancer, vesaphagus cancer, stomach cancer, colorectal cancer,
celoncarcinoma, cancer of liver and intrahepatic bile ducts, pancreatic cancer, lung
cancer, small cell lung cancer, cancer of the larynx, broast cancet, mamma
carcinoma, malignant melanoma, muitiple myeloma, sarcomas, rhabdomyosarcoma,
lymphomas, folicular non-Hodgkin-lymphoma, {eukemias, T- and B-cellleukemias,
Hedgkin-lymphoma, B-csll lymphora, ovarian cancer, cancer of the uterus, cervical
cancer, prostate cancar, genital cancer, renal cancer, cancer of the testis, thyroid
cancet, bladder cancer, plasmacytoma or brain cancer or wherein said auteimmune
conditian i ankylosing spondylitis, acute anterdor uveitis, Gondpasture’s syndrome |
Multipe sclerosis, Graves' disease, Myasthenia gravis, Systemic lupus enthematosus,
Insufin-dependent diabetes meliitus, Rheumaloid arthriis, Pemphigus wulgaris,
Hashimato’s thyroiditis or autaimmune Hepatitis

The present invention alse relates o & use of the polynucleotide of the present
nvention or the vector of the present invertion for the preparation of a composition for
gene therapy,

't is mnvisaged by the present invention that the various polynucleotides and
vecters encoding the above deseribed phosphotonin peptides or polypeptides are
administered efther alone or in any combination using standard vectors andior
gene delivery systems, and opfionally together with & pharmaceutically accepiabie
carrier or excipient. For exarnple, the polynuclectide of the invention can be used
alone of as part of a vector to express the (poly)paptide of the invention in calls,
for, 6.g., gene therapy or diagnostics of diseases related to disorders referred to
abave. The polynuclectides or vectors of the invention are infrodused into the cells
which in turn produce the (polyipeptide. Subsequent to administration, said
palynuclectides or veciors may be stably integrated into the genome of the
subject, On the other hand, viral vectors may be used which are spedific for
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cortain cells or tissues and persist in said cells. Suitable pharmaceutical cariiers
and excipisnts are well known in the art. The polynuclectides or vectors prepared
according to the invention can be used for the prevention or freatment or dalaying
of different kinds of the dissases referred o abave,

In the above-described embodiments, the vector of the present invention may
preferably be a gene transfer ar targeting vector. Gene therapy, which s based on
introducing therapeutic genas, for example for vaceination into cells by ex-vivo of in-
vivo techriques is one of the most importart applications of gene transfer. Suitable
vectors, methods or gene-defivering systems for in-vitro or in-vivo gene therapy are
destribed in the literature and are known to the person skilled in the art; see, e.g,
Giordano, Nature Medicine 2 (1996), 534-539; Schaper, Cire. Res. 79 {19096}, $11-
412, Anderson, Science 256 {1992}, 808-813, lsnar, Lancet 348 (1996), 370-374;
Muhlhauser, Girc. Res. 77 (1996), 1077-1085; Oncdua, Blood 51 (1998), 30-236;
Verzelolti, Hum, Gene Ther. § (1998), 2243-2051; Verma, Nature 389 (1897}, 239
242; Anderson, Natura 392 (Supp. 1998), 26-30; Wang, Gene Therapy 4 (1997), 385-
400; Wang, Nature Medicine 2 {1986}, 714-718; WO 94/20450; WO 97/00057 US-A-
5,580,850, \US-A-5589,466; US-A-4,394448 or Schaper, Cument Opinich in
Riotechnology 7 (1996}, 835-640, and refersnces cited tharein.

The polynuslectides and wvectors of the invention may be designed for direct
introdugtion or for infroduction via liposomes, or viral veciors (e.g. adenoviral,
retrovira]) into the cell, Preferably, said cell is a germ line all, embryonic cell, or
egg cell or derived therefrom, most preferably said cell used for introduction is a
stem coll. As mentioned above, suitable gene delivery systems may include
liposcmeas, raceplor-mediated delivery systems, naked DMA, and viral vectors
such &8 hemes viruses, retroviruses, adenoviruses, and adeno-associated
viruses, among others. Delivery of nucleic acids to a speciiic site in the body for
gene therapy may also be accomplished using a bidlistic delfivery system, such as
that described by Wilkams (Proc, Natt. Acad. Sci. USA 83 (1991), 2726-2728).

It is 1o be understood that the introduced polynuclectides and vertors express the
gene product after intraduction info said call and preferably remain in this status during

JP 2004-500108 A 2004.1.8



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

(81)

WO OUTIN0S PCT/EPNI03414
30

the ffetime of said cell. For example, cal lines which stably express the polynucisotide
under the control of apprapriale regulatory sequences may be engineered according
to methods well known to those skilled in the art. Rather than using expression vectors
which contain viral origins of replication, host cells can be transformsd with the
polynuciectide of the invention and a selectable marker, either on the same or
separate plasmids. Following the introduction of foreign DNA, engineered cells may be
gliowed to grow for 1-2 days i an enriched madia, and then are switched to a
selective medlia. The selectable marker in the recombinant plasmid confars resistance
fo tha selection and allows for the selection of cells having stably integrated the
piagrmid into their chromosomes and grow to form foci which in turn can be cloned and
expanded into cell fines. Such engineered cell fines are alse particulary useful in
screening methods for the detection of compounds involved in, e.g., activation or
stimulation of phosphate uptake.

A number of selection systems may be used, including but not limited to the
herpes simplex virus thymidine kinase {Wigler, Gell 111977}, 223}, hypoxanthing-
guanine phosphorbosyltransterase (Szybalska, Proc. Natl Acad. Sci. USA 48
(1962), 2026}, and adenine phosphoribosyliransferase (Lowy, Gelt 22 (1980}, 817}
in 1, hgpit' or apt’ celis, respactively. Alsc, antimetakelite resistance can be used
as the basis of selection for dhfr, which conters resistance to methotrexate
(Wigler, Proc, Nail, Acad. Sci. USA 77 (1980}, 3567; O'Hare, Proc. Nail. Acad.
Sci. USA 78 (1981}, 1627}, gpt. which confers resistance io mycophenolic asid
(Mulligan, Proc. Natl. Acad. Sci. USA 78 (1881), 2072); neo, which confers
resistance to the aminoglycoside G-418 {(Colberre-Garapin, J. Mol Biol, 150
(1981), 1}; hygro, which contars resistance to hygromycin (Santerre, Gene 30
(1984), 147); or puromycin (pat, puromycin N-acetyl iransferase}, Additional
selectable genes have heen described, for example, irpB, which allows cells to
utilize indole in place of iryptophan; hisD, which allows celis to wtilize histinol in
place of histidine (Hariman, Proc. Nall. Acad. Sci. USA 85 {1988), 8047); and
onG  (omithine dscarboxylass) which confers resistance 1o the ormithineg
decarboxylase inhibitor, 2-(diffusromethyl}-DL-ornithine, DFMO  {MeConlogue,
1987, Ini Current Communications in Molecuiar Biclogy, Cold Spring Harbdr
Laboratory ad.}.
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The inveniion further relates to a method for the treatment of cancer, Infections or
autoimmuns conditions comprising infroducing the polypeptide of the present
inventicn, the polyrucleotide of the present invention or the vestor of the present
nvention or the composition of the present invention into a mammal affscted by said
malighancies or diseases.

Sutiable routes and doses of administration etc. have been discussed in connection
with ihe pharmagcsutical composition of the invention herein above.

Furtherrﬁore, the present invertion relales to a method for delaying a pathological
condition compriging introducing the polypeptide of the present invention, the
polynuclectide of the invention or the vector of the present invention or the
composition of the present inverntion iio a mammal affected by said paihological
condition.

In a preferred embodiment of one methed of the present invention said mammal is a
human.

Finally, the invention relates to a kit comprising the muliifunctional polypeptide of the
invention, fhe polynuclastide of he present itvention, the vector of the preseni
inventicn, the call of the inveniion or the composition of the present invention,

The components of the kit or the diagnestic cormposition of the present ihvention
may be packaged in containers such as vials, optionally in buffers andior
sciutions. If appropriats, one or more of said components may be packaged in one
and the same contalnar, Additionally or alisrmaiively, one or more of said
components may be abserbed to & solid suppori such as, 2.g., a nitrocellufose
filier or nylon membrane, or 1o the welk of a microtitre-plate.
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The figures show:

Flg. 1 shows the nuclooiids and aminc acid sequence of soluble NKG2D containing a
C-terminal histidine-tag. Restricfion sites used for cloning are shown at the beginning
{EcaRl) and the end (Sall) of the nuclectide sequence.

Fig. 2 shows the melecular design of an NKG2D-directed bispecific single-chain
antihody at the DNA level {panel A) and the protein lsvel (pansl B}. The mode of
function of the bispacific antibody is alse shown in panel B,

Fig. 3 SDS-PAGE of bispedific single-chain antbody ant-NKG2D [BR23) x anti-
EpCAN {4-7) {right lansy; tha left lana shows a malecular waight marker.

Fig. 4 Exprassion vector encoding a secreted carboxy-terminal fragment of human
NKG2-[ used for genetic immunization.

The expression of the NKG2-D fragment from the vettor shown ig controllad by the
immediate-early prometer of the human cytomegalovirus (CMV}. The NKG2-D
fragment consists of a leader peplide which is derived from the muine
immunoglobuiin kappa light chain, followsd by & human myc epitope. The coding
sequance of NKG2-D is terminated by its cognate stop codeon, BGH polvadenylation
sife, bovine growlth hotmone palyadenylation site; amp, ampicillin resistance gene;
ColEt arigin, ColE1 arigin of repiication.

Fig. 5: Seleciion of hybridomas specifically binding te NKG2-D-positive target
cells,

The hinding of three distinct monacional antivodies in hybridoma supernatants 6E5,
BG7 and 1182 te sither CD8-pasitive T cells {A) or to CDE6-positive natural killer cells
is shown by FACS analysis. Abbreviations are BES: 6ES/AT, BGT: BG7/C10 and 11B2:
1182010 : '
10HQ is & control with a hybridoma supernatant facking NKG2-D binding activity. The
varicus detection antibodies are incicated in the Figurs.
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Fig. §: Enhancing effect of & monoclonat antibody directed against NKG2-D on
priming of naive T calls.

Naive T cells axpressing the marker CD4BRA (A) are found in FACS scans in the
upper feft gate. Naive T cells were primed in the presence of an EpCAM-sxpressing
target celt line {EpCAM/A7-1A-transfected CHO cells) by a combination of a B7-1 x
anti-EpCAM fusion prolefn and a single chain bispecific ant-EpCAM % ant-GD3
malecule {B-E] in the absence (D and E) or presence (B and C) of & monoclonal
antibody against NKG2-D called BAT221. Primed T cells expressing the marker GDas
RO appear in the lower right gate, Nurmbers give the percentags of primed, praviously
naive T cellse. Fluorescenoe 1:  FITG-abeled anti-CD45RO; fluoresence 2:
phycoerythrin-conjugated anii-CO46RA.

Fig. 7. Enhancing effect of a monoclonal antibody directed against NKG2-D on
TNF production by T cslls.

Ngive T zells were primed in the presence of an EpCAM-sxpressing target call line
(EpGAM/17-1A-ranstected CHO celis} by a comblnation of a B7-1 x anfi-EpCAM
fuslon protein and Increasing congentrations, as indleated, of 2 single chain bispecific
ant-EpCAM x ant-CD3 molecule. TNF produciion was measured by a commercial
TNF-¢, ELISA in the presence (A) and absence (B} of a monaclonal antibody against
NKG2-D, called BAT221.

Fig. 8: Cylotoxic activity of Melan A celis and NKL celis redirected against PB15 colls
by several dilutions of the supernatant of the NKG2ZD hvbridoma BAT 221 in
combination with the monoclonal antibodies CD18 (Bug/ml)  and D3 (0,2ug/mi)
reapectively. 200.000 NKL cells or 500600 Melan A cells were added to 10.000
Chromlum-61 labeled Kato 11l cells in the presence of the diluted antibedy in & toial
volume of 200 pl The backround control (E+T) contains sfiector cells and targat calls
without an antibody dilution. The microtiterplates were Incubated for 4 k at 37°C, 5%
CCe After the incubation pericd 50 pi supematant were remeaved - from each well and
assayed for released ¥'Cr in a garmma counter.:

JP 2004-500108 A 2004.1.8



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

(85)

WO O1TI005 PCT/EPNI03414
34

Fig. 9: Detection of & specific immune response in mice immunized with an
exprassion vector encoding & secreted C-t2rminal fragrent of human NKG2-D.
Flowcytometric anglysis of the binding activity of a 1:30 serumn . diliution of five
immunized mice to hunan CDEY T lymphocytss and human NK celis. 200.000
manonugleated cells from peripheral blood of a healthy donors were incubated with
diluted serm of the five mice. Bound murine antibady was detected by & uaresceine
{FITC}conjugated goat-anti-rat Ig (IgG + g} antihody diluted 1:100 in PBS. Triple
color flucrescence analysis was earied oul by applying a positive gate for CD8*
{Tricolor} and a negative gate for CD16™ (PE) cslls thus allowing the detection of FITC-
mediated flucrescence exclusively attributed to CDE*-T-ymphaeytes (phenotype:
CD8&', C14) without any contaminating signals from CD8*-NK-cells. Similarly, tiple
solar fluorescence analysis was caried out by applying a positive gate for CDEB"-
{PE} and a nagatlve gate for CD3*-cells (tricolar) thus allowing the detection of FITC-
mediated fucrescence exclusively atributed to NK-cells (phenolype: CDB&', CDZ)
without any contaminating sigrals from CD56™-T-lymphocytes. As negalive control a
represantative serum of an unimmunized mouse was usad (preimmune serum). Cells
were analyzed by flowcytometry on a FACSscan {Becton Dickinson).

Fig. 10: Design of the phagemid used for expression of N-terminally blocked
singls chain antibodias in the periplasm of E. coli.

£, bacterial promatar; empA, leadsr sequence for periplasmic transpart ; N2, suirogate
N-erminal biecking domain; VH, vadable heavy chain domain of scFv, VI, varizble
light chain domain of scFv; p53, tetramerization domain of franscription factor p53;
Flag-tag; hfluenza virus epitope tag. The positions of various restriction enzyms sites
are indicated on top. Essential coding sequences are shown as black hoxes.

Fig. 11: Detsction of MKG2-D-specific, N-terminally blocked single chain Fv
fragmenis produced in the periplasm of E.coli.

in order to increase sensitivity, the binding avidity of single chain Fv anfibodiss was
ingreased by fusing the atramerization damain of the transciiption factor p53 to the
carboxy terminus of N-terminally blocked scFvs. Tetramearized scFvs were detectsd in
penplamsic fractions by ELISA with soluble, recombinant NKG2-D as capture and
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peraxidase-conjugated anti-FLAG antibody for detection. ELISA signals of various
clones ars depicied. Ali clones wih signals =0.05 were analyzed further.

Fig. 12: Transient expression and EpCAM binding of four hispecific molecules
1argeting NKG2-D,

CHO/dhfr- ¢ells were transiently transfected with expression vectars encoding four
diffevent single chain bispscific molecules. In A, a beta-galaciosidase gene was
transfected as nepative contral. The various bispecific moleculss are B, 3810xP4-3; C,
3IB10xP4-14, D, 3B10xP5-2 and E, 3B10xP5-23. Cell culiure supernatants were
harvested after & days and tested for the expression of bispecific antibodies by FACS
analysts for EpCAM-speciiic binding to the human gastric carcincam cell iine Kato 11l
Cell-bound bispecific molscules were detected by an FITC-labeled sheep-anti-mouse
antibody. FACS histogram blots sre shown.

Fig. 13: Charactarizalion of two single chain bispecific antibodies for NKG2-D specific
binding in an ELISA,

The two bispecific antbodies 3B10 x P4-3 and 3B10 x P5-2 were lransiently
expréssed in GHO call culture supsmatants. Binding 1o coated solublz, recombinant
NKGZ-D was tested by an ELISA using a peroxidass-conjugatsd anfi-hexahistidine
antibody for detection of e hexahistidine-tagged bispecific antbodies, Two different
concentrations were fested. A, 1:1 diution; B, 1:2 dil

ution of culture supematarts. As a control, binding of an EpGAM-spectiic 3B10 x anti-
CD3 hispecific antibody was used. Values oblained for this non-specific control were
subtracted fom the readings showr.

Flg. 14: Cytatoxic activity of Melan A cells (A) and NKL cells (B) redirected againat
EpGAM-positive Kato cells by the bispeciiic 3810xP4-3 antibody. 200.000 NKL cslis
or 50000 Melan A cells were added o 10.000 Chromium-51 labsled Kato Il cells in
the presence of serveral dilutions of the bispecitic amtiody in & total volums of 200 .
The backgroundt contral (E+T) contains effector cells and target celis without an
antioddy diltion. The micretiterplates were incubated for 4 h at 37°C, 5 % CO., Adter
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the incubation perfod 50 pl supematant were ramaved from each well and assayed for
released ¥'Cr in a gamma counter.

Fig. 15: Specitic té\rget cell lysis by four single chain antibodies recruiting paripheral
blood moncnuclear celis (PBMCs} via NKG2-D,

Four hispecific antbodizs all recognizing the EpCAM target on the human gastric
carcinama cefl line Kato 1l by & single chain Fv derived from monoclonal antlbody
3810 were contrucied from four distinct scFve specific for the MK/CD8-specific
receptor MKG2-D. Exprasaion vactors encoding the four bispecific antibodies ware
transfocted for transiont expression inlo CHO cells and supematants collected.
Supermatants with secreted bispecific antibedies at the indicated diluiions were tested
in cytotox assays for specific lysis of Kato lli cells in the presence of human immune
effector cells (PBMCs). In the absence of CHO supernatants, no target cell lysis of
Kata HI cells was ohsenved in the presence of PBMCs. Data shown are the means of
tiplicate detenminations. Cylotoxic activity of PBMC redirscted against EpCAM-
positive Kaio cells by the bispecific antibodies 3810xP4-3; 3B10xP4-14; 3B10xP5-2
and 3B10xP5-23 in several dilutions. 200.000 PBMCs were added to 10.000
Chrormium-51 labeled Kato [l cells In the pressnce of the diluted bispecific antibodies
in a total volume of 200 pl. The negative contral contains PEMGs and target cells
without an antiody dilution. The microtiterplates were incubated for 4 h at 37°C, 5 %
GCa. After the incubation pericd 50 pl supematant were ramaeved from each well and
assayed for released ®'Crin a gamma counter.

Fig 16: Compilation of sequences as depicted in the appended examples.
The nucleotide saequences are shown in the common 5 -» 3" orientation.
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The examples illusirate the invention.

Example1; Production of recombinant NKG2D

To obfain the coding DNA-sequence of ihe exracellular portion of the NKG2D-
antigen, cDNA derived from the RNA, of peripheral blood moenonuclear ¢ells by severse
franseription was used as template for a palymerase chain reaction (PTR),

Total BNA was prepared from peripheral bicod mononuclear cells which were
separated from a whole-blood sample by ficol-density centrifugation following
standard protecols (J. E. Coligan, Wiley Intersience 1881).

The RMA proparation was performed using a2 commercially available preparation kit
{Quiagen) according to the instructions of the manufacturer,

The cDNA-synthesis was carried out accerding to standard protocols {Sambrock, Cold
Spring Harbor Laboratory Press 1989, second ediicn)

For the PCR, a palr of primers with the following sequences was used:

Forward primer. 5 -AGGTGTACAGTCCTTATTCAACCAAGAAGTTCAAATTCG-3"
(SEQID a7

Reverse primer: 5-TCATCCGGACACAGTCCTTTGCATGCAGATG-3" (SECH D BS)
In additfton to the sequence hybridizing fo the NKG2D cDNA-tempiate, the forward
primer contains & BerGl-site and the reverse prirner a BspEl-site to allow the cloning of
the PCR amplification praduct,

The product of the PCRreaction was isolated by means of an agarose-gel
slaciropharasis, purified using a commercially available kit {Quiagen) accarding to the
instructions of the manufachirer, and then incubated with the restriction enzymss
BsrGl and BspE) using standard protocols (Sambrock, Cold Spring Harbor Laboratory
Press 1989, second adition), Afierwards a final purification step was performad,

As shown in Fig 1, the coding sequence of the NKG2D extracelular domain was
fused via BsrGl to a murine Ig-heavy chain leader sequence; the BspEl-site was fused
with an Xmzl-site thus joining the coding sequance of a poly-histidine tag tollowaed by &
stop codon (SEQ 1D 1 and 2), .

The EcoRISall-DNA fragment shown in Fig. 1 consisting of the cading sequerces of
an N-lerminal leader pepiide, the NKG2D extracellar demain and a C-terminal
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histidine-tag, was cloned into the plasmid vector pFastBact also prepared by digestion
whh fhe restriction enzymes EcoRl and Sall, This plasmid is part of the Bac-to-Bac®
Baculovinus exprossion system {Ginco BRL, instructions of the manufacturer are
available at the intermet sie: hilp/www?.litetech.comicatalog/techlins/molecular
biolegyManuals PPS/bac.pdf, Unless stated otherwise, all procaciures refated to the
Bac-to-Bac® Baculoviius exprassion system, wers camied out acoording o these
instructions). .

1 ng DNA of a correct plasmid clone was then transformsd Inte DH10Rac compstent
celis (Bac-to-Bac® expression system), This Escherichia coli strain already carries two
other plasmids, (i) a helper plasmid {PMON7124) providing Tn7 transpositiar functions
and (i) & so-called bacmic (pMOMN 14272) which is a baculovius shuttfe vector, After
transformation of the third plasmid into these cells the coding sequence inserted into
pfasiBac1 is ransferred by transposttion into the bacmid which contains specific target
sites for this fransposition. That leads to the destuciion of a LacZ-coding seguence
which offers the possitility to select colonies with the rasombinant bacmid by means of
2 blug white selection on agar plates containing Bluc-gal, IPTG and a combination of
antibiotics according to the instructions of the manufaciurer

White colonies containing the recotmbinant bacmid with {he soluble NKG2D sequence
were selecled and culired over night A specific protocol provided by the
manufacturer was used for the preparation of bacmid-DNA from thess overnight
cultures.

The bacmic-DMA was then used to transfect SFG-insect cells using CellFectin
Reagent (Bag-to-Bac® expression systerm) according to the instructions of the
manufacturer. Three days afler iransfection recombinant baculovirus in the culture
supsmatant of the transfected cells was harvested. This supermatant is a low fiter
{approximately 2x107 plaque forming units (pfu) per millllitre} low scaie (2ml) virus
stock. (Instructions for insect esll eulture, propagation of baculoviruses and protsin
expression in the baculovirus expression systern are available at the internet sits:
hitp:/fenin invitrogen.com/manuals himl.  Unless siated otberwise; all procedures
related io insect cefl culture and protein expression were carried out according to
these instructions). For protein expression a high titer and high scale virus stock was
requirad. To obtain such a vinus stock the following steps were performed:
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Two 25cm* fissue culture flasks each seeded with 2x10% SF9-calis were infectsd with
30pl of the initial virus stack, respectively. After ten days the culture supsmatants wers
harvested as a iow scals — high titer viral stook. Then & 500ml suspension culture of
SFg-cells at a density of 2,0:610° cells per milliiter was infected with Smi of the second
virue stock. Progression of the infection was monitered by determination of the cell
viabillty using the trypan-blue exclusion method. Al a el viability below 10% the viral
stock was harvesied and virus supematant separated from cells by centrifugation. The
viral titer of this large scale stock had o be determined. For this purpose SF-@ cells
were seeded in & 95-well tissue culiure plate at & density of 1x10° cells per wall. A tokal
of 24 wells wag each infecied with one of the following dilutions of the high titer stock:
1041 of a 1:10° dilution per well, 104l of a 1:10° dilution per well and 10p! of & 1:107
dilution per well, The volume had fo be adjusted to 120ul per well, Afrer 14 days
viability of the cells was determined by the trypan-blue exclusion assay. That dilution
with a halanced relation of wells with viable and non-viable cells allows a sufficlently
precise estimation of the viral titer which is expected to be 1x10% to x10° pfuw/ml.

The fime course of protein expression was determinsd at MOls (multiplicity of
infection) of 6 pfu and 10 pfu per cell in an infection experiment with two suspension
oultures af SFY cells at 2,3x10° cells/ml. Samplas of the infectad cultures were drawn
at 24, 48, 72 and 98 hours post infection. These samples were analysed by westam
blot according to standard protocols. Soluble NKG2D was defected with a percxidase-
conjugated anti-histidine-tag antibady.

Thus, the optimal MO! and the optimal incubation time after infection were used for
large scale protein expression In multiple suspension cultures of 500mi culture
valume.

Seluble NKG2D was purified from culture supematants via its C-terminal histidine fag
hay affinity chromatagraphy using a Ni-NTA-calurmn as described by Mack (1995) Proc
Natl Acad Soi USA 92: 7021,
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Example 2: Generation of monoclonal antibodies against netive NKG2D on
human lymphocytes

Tan weeks old F1 mice from balb/c x C57black crossings were Immunized with the
sokible extracellular domain of the antigen NKGZD. The antigen was dissolved in
0.8% NaCi at a eohoentration of 100 yg/mi. The solulion was subsaquently
emulsified 1:2 with complete Freund's adjuvanis and 50 W) waere injected per
mouge Intraperitonially, Mice received booster immunizations after 4, 8, and 12
waeks in the same way, except thal complets Freund’s adjuvants was replaced by
incomplate Freund’'s adjuvants. Ten days afler the first booster immunization,
blood samples were taken and antibody serum titer against NKG2D antigen was
tested by ELISA. Serum fiter was more than 1000 times higher in immunized than
in not immunized animals. Three days after the secand boost, spleen cells wera
fused with P3X83Ag8.653 cells (ATCC CRL-1580) to generate hybridema osil
lines following standard protocols as described in Current Protocols in
Immunalogy (Coligan, Kruisbeek, Margulies, Shevach and Strober, Wilsy-
Interscience, 1992}. Afior PEG-fusion, celle were seeded at $00.000 cells per wall
in microtiterplates and grown in 200 wl APM! 1640 medium supplementad with
10% fetal bovine serum, 300 units/m! recombinant human interleukin 6 and HAT-
additive for selection. Gulture supsmatants from densely grown weils were tested
by the following ELISA: -

The wells of a 96 U-bottorn plate {Nunc, maxisorb) were coated overnight at 4°C
with recombinant NKG2D-antigen at a concentration of 5 pgiml. Caaled wells
were washed three times with washing buffer {0.1M NaCl, Q.080 NazHPO4
pH 7.3, 0.05% Tween 20, 0.05% NaN3) end subseguently blocked through
incubation for one hour at room temperature with 200 pPliwell of 2% skimmed milk
powder suspendsd in washing bufter. In the next siep, the hybridoma supermatant
was incubated undiluied and at several diutions for two hours at room
temparature. After three additional wéshing staps bound monoclonal anfibody was
dotectad with a horseradish peroxidase conjugated polyclonal antibody ageinst
mouse immunoglobulin. After 5 times of washing, the ELISA was finally develeped
by addition of TMB-substrate solution (Tetramethylbenzidine, Roche Mannheim).
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The colored precipitate was measured after 15 min, at 405 nm using an ELISA-
reader,

Supernatants from 10 clones exhibiting strong ELISA-signals were selected for further
analysis. In order to ideniity those hybridoma dlones, that produce monoclonal
antibodies reactive with native NKGZD-antigen on intact NK-cells and Tlymphoaoytes,
the following floweytornatric analysis was performed:

1 x 10° PBMC were incubated for 30 min. on ice with 50 i andluted hybridoma
suparnatant and bound manocienal antibody was detected subsequently detected
with flucreseein (FITC) conjugated F{ab')z fragment of a rabbit anfi-mouse g antbody
(Dako Hamburg, Code No. F0313) diluted 1:100 in PBS. In the next step, the free
valences cof cell-kound FITC-conjugated antibody were blocked through incubation of
the cefls for 30 minutes with 50pI mouss serum (Sigma immuncchemicals,
Deisenhofen, M-5205) diluted 1:10. To distinguish between NK- and T-cells, laheled
FBMGC were split at this point. Qne half was stained with a T-cell specific tricofor
conjugated antl-CD8 antibody (Caltac Laboralories; Buringame; USA, Cods No.
MHCDO306) diluted 1:100; the other hali was stained with an MNK-cell specific
phycoerythrin (PE} conjugated anii-CLS6 antibody (Becton Dickinson, Heidelbarg,
Cai No. 347747 diuted 1:25. Unlabeled ant-CD16 and anti-CD8 antibodies
specifically staining NiK-cells or T-lymphacytes, respactively, were used as positive
controls of the primary labeling step; a murine monedional antbody with irrelevant
spaciiicity instead of hybridoma supernatants reactive with recombiant NKG2D served
a3 negative control.

Cells were analyzed by flowcytomeiry' on a FACS-scan (Becton Dickinson,
Heidalbarg), FACS-staining and measwing of the fluorescence intensity wers
perfonmed as described in Current Protocols In immunclogy (Coligan, Kruisbeek,
Margulies, Shevach and Streber, Wiley-interscience, 1992)

Twe-color flucrescence analysis was carried out by applying a positive gate for CD8*-
and CD5G*-cells, respsctively, thus allowing the detaction of FITG-mediated
fluorescence eeparatsly on CDE-T-lymphogytes and NK-cells. Gomparad with the
distinet staining of CD8*-T-lymphooytes and NK-cells with the respective cenirol
antibodies, the supiernatant of hybridoma cell line BR23 showed strong reactivity with
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both MK- and T-celle, whereas two furthsr supematants wars only wealdy reactive with
both [ymphocyte subsets,

Alternatively, monoclonal aniibodies against human NKGED were ganerated by
genetic immunization of mice. For this purpose, two different fragments of human
NKG2D from nuclsotides {nl) 84 ta 462 and from nt 123 io 462 corresponding to
amino acid sequences SEQ ID 3 and 4 were PCR-ampfified from the cDNA-template
shown in Figure 1, that encode extracellular NKGE2D-segments flanked by asparagine
{N) and valine (V} ar by fryptophan (W) and veline (V), respaciively. As FCB-primers
the following cligonuclectides were used:

NKG2D-short-f {5- ATCAAGCTTGTGGATATGTTACAAAAATAACT-3) (SEQ 1D 80}
and NKG2D-stop-r  (§-CGCGGTGGCEGCCGCTTACACAGTCCTTTGCATG-3Y)
{SEQ ID 82} for the amplification of the NKG2D-fragment: nt 123-462

as wel as NKG2D-f (5-ATCAAGCTTGAAGCCAAGAAGTTCAAATTCC-3) (SEQ ID
81) and NKG2D-stopr (5-CGCGRTGGCRGCCRCTTACACAGTCCTTTECATG-3)
(SEQ ID 82} for the amplification of the NKGZD-fragment: rit 64-452,

Plasmids for genetic Immunization were constructed by cloning each of these PCR-
products in-frame into the restriction endonuclease sites Hind Ill and Not | of the vector
VV1 (GENQVAC AG, Germany) as shown in Figure 4.

The resuling plasmids VV1-NKGE2-D (ni 64-462) and VV1-NKG2-D (nt 123-462)
allowed the secretion of soluble extraceliular NKG2-D fragments fagged by a mye
epitope at the N-terrminus. The mye epitepe was uiilized to confirm expression of the
soluble NKG2-D fragments. To this end the conetructs were expressed by transient
ransfection inta BOSC-23 cells {Onishi {1956) Exp Hematol 24: 324), perforated by
addiiion of Cytoperm/Cytoffx {Becton Dickinson); myc-tagged NKG2-D fragments
were stained intracellularly by FACScan analysis after reaction with a muring arti-rye
monoclonal  antibody  (9E10, ATCC, CRL1728) fellowed by a2 palyclonal
phycoerythrin-labeled rabbit antirrouse immunoglobulin antibody, .

Thres & 1o 5 weeks old BALB/G mice were Immunized six fimes with VV1-NKG2-D {nt
64-482) and two mice were immurized three times with VV1-NKG2-D (nt 84-462)
foliowed by three immunizations with V1-NKG2-D (nt 123-462) using a Helios gene
qun (Bie-Rad, Germany) according to a published procedure (Kilpatick (1998)
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Rybridoma 17; 568). One week after the last application of the immunization plasmids
each mouse was boosted by intradermaf injection of 300 pI of recombinant human
NKG2-D» protein {see Example 1} concentrated 50 pg/mil in phosphate bufiered saline
withaut Mg®* and Ca®* iona at the DNA application sites.

Four days later, the mire were killed and their ymphocytes were fused with SP2/0
mouse myeloma cells (American Tissue Type Collection, USA) using polysthylene
glyeol (HybriMax; Sigma-Aldrich, Germany), seeded at 100,000 cells per well in 98-
wall microtiter plates and grown in 200 pf DMEM medium supplemented with 10%
feial bovine semm and HAT additive for hybridoma selaction (Kilpatrick (1998}
Hybridoma 17: 569}

Culture supernatanis from dengely grown wells were tasted by ELISA on immobilized
recombinant NKG2D as descrived above. Supematants from 122 clones exhibifing
positiva ELISA-signals were selected for further analysis. In order fo idenlify thosa
hybridoma clones, that produce menocional antibadies reactive with naiive NKG2D-
antigen on infact NK-celle and CD8' T-lymphosytes, cells were analysed by
floweytometry on a FACS-scan (Bacton Dickinson, Heldelberg):

Mononucleated cells from ihe periphoral blood (PBMC) of a healthy donor wera
izolated by Ficoll-density gradient centrifugation. In each wall of a microliter plate
200.000 PEMC were incubated with undiluted hybridoma supsmatant. After 30
minutes of incubation on ice cells were washed twice with PBS and subssquently
stained wilh fluorascein (FITC)-conjugated Flab s fragment of a goat anti-mouse 1gG
and ighi antibady (Jackson ImmunhoResearch Inc. West Grove, USA, Code 115-096-
068; 1:100) for 30 minutes on ice. The cells were washed twica with PES and
subsequently stained with two different antibcdy labeling mixtures. For staining of
CD8* T cells, 100000 PBMC were further incubated for 30 minutes with a
phycoeryttrin {PE} conjugated CO16 anfibordy (Becton Dickinzon, Heidelberg, Code
Mo, 347617} and a tricolor conjugated CDE antibody (Caltac Laboratories, Burlingame,
usa, Code Ne. MHCDOBOS). For staiﬁing of NK-cells, the other half of the PBMC was
further incubated for 30 minules with a phycosnythrin (PE} conjugated CDS6 antibody
{(Becton Dickinson, Heidelperg, Cods No. 347747) and a tricolor conjugaied GD3
antibody {Caliac Laborataries, Buringame, USA, Code No. MHGD0304.,), In order o
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avoicd cross-reactions between the different antibodies within the labeling mixtures
mouse serum (Sigma Aldrich, S1, Louis, USA, Cat. No. 054H-8958) was added at a
final dilution of 1:10.

Triple color flucrescence analysis was carried cut by applying a positive gate for GDE*
{Tricoter} and a negative gate for CD16* (PE) cells, thus allowing the detection of
FiTC-mediated fluorescence  exclusively aftribuied o CD8* T-lymphogytes
{phenotype: CDBY, GD16) witholt any contarninating signals from ©DS* NK-gells,
Sirritarly, triple color flucrescence analysis was carried out by applying a postiive gate
for CDS6™ (PE) and a negaiive gate for CD3*-cells (iricalor) thus allowing the
detection of FITC-mediated flucrescence exclusively afiributed to NK-cells {phenotype:
GD56*, CD) without any contaminating signals from GDS6*T (ymphocytes. As
shown in Figure 5, the supernatants of the hybridomas designated 11B2, 8G7 and
BEE contained menoclonal antibodies reaciive with native NKG2D on the surface of
bath human CD8* T-ymphooytes and MK-cells, Staining with supermatant of the
hybridema 10H9 is shown as a representative exampie of many monoclonal
antibodies reactive with immobilized recombinant NKG2D, that were, however, not
capabla of binding the native NKG2D-receptor tomplex on intact cells. FACS staining
and measuring of the fluorescence intensity wers performed as described n Gurrent
Protacols in Immuniclogy (Coligan, Kruisbeek, Margulies, Shevach and Strabar, Wilsy-
Interscience, 1992).

The hybiidomas producing anlibodies reacting with NKG2-D on GD56* MK- and CD8*
T cells were subcloned once by limited dilution on 96-well microtiter plates. Positive
subclonss wers identilisd by flawcytomeuj,' on NKG2D-positive NKLcells (Bauer
(1999) Science 285: 727) incubated with supematants harvested from wells showing
cell growth. Celi-bound monocional antibody was detected with the Huoresceln (FITG)
conjugated Flab'j-fragment of a rabbit anti-mouse Ig antibady (Dake, Hamburg, Code
No. F0313). The subclongs 11B2D10, BGTC10 and BERA7 were further used for the
canstruction of NKG2D-disected bispediﬁc antibaclies (see Example 3).
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Example3: Construction of bispecific single-chaln antibodies ant-NKG2D »
anti-EpCAM

The hispecific antibodies were constructad as depicted in Figure 2. The variable
regions VL and VH of those antibodies binding to native MKG2D on intact cells were
cloned from total BNA of the comssponding hybricloma cell lines as described by
Qrlandi {1989) Proc.Nail.Acad.Sci.USA 86: 3833, except that the PUR-fragments of
variable regions amplified fromt hybriomas 11B2D10 (SEQ 1D 7-18), 8G7C10(SEQ ID
27-36), 6ESAT (SEQ 1D 37-48) and SH7ET (SEQ 1D 17-28) were directly cloned into
the TA-cloning vector GEM-T Easy (Promega, Cat. No, A1380). Subsequertly, ¢lonsd
VL- and VH-regions served as templates for a twa-step fusions-PCR resulting in the
sorresponding soFv-fragments with the demain arangement ViAVYH. The Vi-specific
primer pair used for this pumoss consists of oligonuclaotidas 5'VLBERRY (5'AGE
TGT ACA CTC CGA TAT CCA GCT GAG CCA GTC TCC A 37 (SEQ 1D B3)) ang
AVILGS18 (5'GGA GCC GCC GCOC GCL AGA ACC ACC ACC ACC TTT GAT CTC
GAG CTT GGT CCC3™ (SEQ 1D 84)), the VH-primer pair of oligonuclsotides
SVHGSE (5'GGC GGE GGC GGC TCC GGT GGT GGT GGT TCT CAG GT(GO)
AC)AAG) CTG CAG [GC)AG TC{AT) GG 37 (BEQ ID 85)) and 3"VHBEspEl (5"AAT
CCG GAG GAG ACG GTG ACC GTG GTC CCT TGE CCC CAG 3 (SEQ ID BS). In
the first PCR step VH- and VYi-amplification products were abtained with the following
PCR-programm: denaturation at 94 °C for § min, annealing at 37°C for 2 min,
elongation at 72°C for 1 min for the first cycle; depaturation at 84°C for 1 min,
annealiné a1 37°C for 2 min, elongaticn at 72°C for 1 min for & cycles; denaturation at
84°C for 1 min, annealing at 55°C for 1 min, elongation at 72°C for 45 sec and 18
cycles; tarmial extension at 72°C for 2 min. For the second step of the fusion PCR VH-
and VL-PCR fragments were purified from agarose gel, mixed with ofigonuclectide
primers SVLBSRAY and 3VH BspEl, and subjected 1o tha following FCR-prograrmm:
denaturation at B4°C for § min ance; denaturation ai 84°C for 1 min, annealing at 55°C
for 1 min, elongation at 72°C for 1,5 min and 8 cycles; terminal extansion at 72°C for 2
min. YL/YH-fusion products shcoding antk-NKG2D scPyv-fragments were purifisd from
agarese gele, and digested with the resbiction enzymes BsrGI/BspEl The mammalian
expression vector pEF-DHFR (Mack (1993) Proc Mati Acad Sci USA 92 7021}
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conilgining an EcoRY/Sall-cioned DNA-ragment described in WOCD03016, Fig 10 was
also digested with the restriction enzymes BsrGI/BspEl refeasing a 750bp-fragment;
the remaining vector-fragment was gele purified and used for cloning of the ‘anti-
NKG2D scPv-fragments.

Thus, the resulting detivatives of mammalian expression vector pEF-DHFR contain
EcoRI/Sall-DNA inserts encoding bispedific single-chain antibodies as describad by
Mack (1995) Proc Mall Acad Sc USA §2: 7021, that are directed against NKG2D and
EpCAM. EpCAM is expressed by many epithelial tumors and already used as target
antigen for the adjuvani treatment of resected coiorectal cancer with a murine
monoclonal antibody.

The expression plasmids for anti-NKG2D x anti-EpCAM bispecific single-chain
antibedles (SEQ 1D 47-49) were transfected into DHFR-deficient CHO-cells by
elactroporation; selection for stable transfeclams,r gene amplification and protein
praduction wera performed as described (Mack (1995} Proc Nall Acad Sel USA 92:
7021}, Bispecific anticody was purified from culture superatant via the C-lerminal
higtidine tag by using Ni-NTA-column as described (Mack (1995} Proc Mall Acad Sai
USA 92: 7021, see also Fig. 3).

Example 4! Antibodies cirected to the extrace/lular domain of DAP-16

Antihodies reactive with the extracellular domain of the NKG2D-receptor complex
can be also he obtained with the following protocol:

6 to 8 wesks old BALS/: mice may be immunized with a peptide corresponding to the
complete extraceilular domain of human DAP-10 comprising 30 amine acids (SEQ 1B
5, QTTPGERSSLPAFYPGTSGSCSGCGSLSLP) or a part thereof (Wu (1988)
Science 285 730), conjugated with a carier prolsin, respectively. For example, a
pepiide comprising ine 21 Ndeminal amino acids of the extracellular domain of
DAP1D (SEQ ID &, QTTPGERSSLPAFYPGTSGSC) may be coupled to
maleinimids activated KLH in a dirscted manner via the mercapic-group of its C-
terminal cystein. The conjugate may be dissaived in 0,9% NaCi at a concentration of
100 pg/mi, the solution subsequently emulsified 1.2 with complete Freund's adjuvarts

and 50ud per mousa intected intrapsritonizlly. Mice may receive booster immunizations

JP 2004-500108 A 2004.1.8



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

(98)

WO OUTIN0S PCT/EPNI03414
47

resembling the primary imrunization after 4, 8 and 12 weeks, except that complete
Freund®s adjuvants can be replaced by incomplete Freund's adjuvants. Ten days after
the first booster immunization, blood samples may be taken and antibody serum titer
tested by ELISA on immobilized BSA conjugatad with the 21-mer DAP-10 peplide as
described above for KLH.

Three days after the second boost, splean cells from mice with positive ssrum titer
may be fused with P3X63498.653 calls (ATCC CRL-1580) to generate hybridoma
cell lines follewing standard prologols as described in Current Protocols in
Immunclagy {Celigan, iKruisbesk, Margulies, Shevach and Strober, Wiley-
Interscience, 1992). After PEG-fusien, cells may be seeded at 100,000 cells per
well in microtiterplates and grown in 200 pi BPMI 1840 medium supplemented
with 10% fetal bovine serum, 300 units/ml recombinant human intereukin § and
HAT-additive for selection. Culure supematants from dansely grown wells may be
tesied for reactivity with DAP10-peptide by the following ELISA:

The wels of a 96 U-boitom plate (Nunc, maxisorb) are coated overnight at 4°C
with peptide-B5A-conjugate at a concertration of 5 pg/ml Coated wells are
washed three times with washing buffer (0.1 NaGJ, ¢.05M NegHPO, pH 7.3,
0.05% Tween 20, 0.05% MaNg) and subsequently blocked through incubation for
one hour at room temperature with 200 pliwell of 2% skimmed milk powder
suapended in washing buffer. In the next step, hybridoma supernatant is incubated
undiluted and at several dilutions for two hours: at room temperature. After threg
additional washing steps bound monocional antibody can be delected wiih a
horsgradish  peroxidase conjugated  polyclonal  antinody  against  mouss
Immunegiobulin, After 5 times of washing, the ELISA can be finally developed by
addition of ThMB-substrate solution {Tetramethylbenziding, Roche). The colored
precipitate is measured after 15 min. at 405 nm using an ELISA-reader.

In order to identiy those peplide-reactive hybridoma clones, that produce
moneclanal antibodies capable of binding to DAP-10 within the NKG2D-recentor
complex on intact Ni-cslls and CD8* T-lymphecytes, the triple color fluorescence
analysis on PBMG may be pedormed that is dascribed in Example 2.
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The variable regions of monoclonal antivodies staining intact NK-cslls and CD8* T-
lymphocytes may be clened from the corresponding hybridoma cell lines and used foy
construction of biapedific single-chein antibodies as desarbed in Example 3.

Example5: Enhanced priming of naive CD8' T cells by NKG2BD-directed
antibodies

For in vitra priming experiments naive human CD8* T cells were isolated as follows:
Manconuclear calls (PBMC) were preparsd by Ficoll density centrifugation from 500mi
petipheral bicod obtained from a healthy dener. CDEY-T cells were isolated by
negative selection using & commerdially available cell saparation kit (R&D Systems,
HCDBC-1000). The CDB™T cell column was loaded with 2 x 10° PAMC, which had
been prainculbated with the manufacture’s antibody cockiail supplemented with 1ug of
a monaclonal ami-CR1th antibody (Coulter 0190) per column. Sincs primed nen-
proliferating cytotoxic CD8* T cells share the CD45RAYRO phenctype with nalve
CD8" T ymphocytas, CD11b was intreduced as addiional esll pusification marksr in
order 16 get rid of the former T cell subset. Thus, only CD11h/CD8" T cells entered the
purification procadure based on CD45-goforms finally rssulting in naive CO8™-T
lymphocytes, that like naive CD4™T cells cany the CU45RAYRO phenotype.
Suaeessful puriiication of CDB™T cells was controled by flowcytometry after single
ataining with an anbi-CD8 antibody, Absence of CD1ib*cells from CDEYT cell
preparations was confirmed by single staining with an anli-CD28 antibody, since
CD11b-positive CDE™T cells are always CD28-negative and vics versa.
CD45R0Ocalls ware romaved from purified CD8%T cells through incubation with a
murine menoclonal anii-CD45RO antibody (PharMingen, UCHL-1, 31301) followed by
magnetic beads conjugated with a polyclonal sheep ani-mouse Ig antibody (Dynal,
11001). The purty of the remaining naive CD&-T cells praved to be >95% as
determined by flowcytometry after double staining with ant-COAGRA/ant-CRASR0.
The average vield of naive CD&™ T f;elts par 500ml paripheral blood was 5 x 10°
{CD8).
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The in vitro priming experiment with naive CD&" T cells was caried out as follows:
25.000 EpCAM-transfected CHO-cells per well wers incubaied i a 86-woll flat-botiom
culture plate for 2 hours, that had been coated overmnight with a polyclonal rabbit ant-
meuse 1gG1 antibody (Dako, Z0013) diluted 1:1000 in PBS. After the cells had
adhered to the plastic, they were iradiated with 14.000 rad. Subsequently, 50.00Q
purified nafve COB* T celis per well were added in RPMI 1640 medium supplemenied
with 10% humap AE serurn, 100Um! pericillin, 100mg/ml streptopycin, 2mM
ghutamin, tmi sodium pyruvat, 10mM HEPES-buffer, 1x non-sssential amino acids
{Gibeco) and 50pM B-mercaptosthancl. The EpCAM-apectiic B7-1/4-7 single-chain
construct described in WO2928818 (Example 7} was added at 500ng/ml together with
1 pg/ml of a2 munineg lgG1 isctype control (Sigma, M-7824) and either 250 ng/ml,
50ng/ml or no bispecific single-chain antibody {bec) EpCAM x CD3 (Mack (1885) Proc.
Nafl. Acad. Sci. U.8.A. 82! 7021). 500 ng/mi of the B7-1/4-7 single-chain construct
was the maximum concentration that did not yet by itsell affect CD45-isolorm
expression on COBST cells, In & parallsl experiment, the same concentrations and
gombinalions of hse EpCAM x CD3 and B7-1/4-7 single-chain conefruct were used
except that the IgG1 isotype control was replaced by diluted hybridoma supematant
kindly provided by Dr. Moretta, Genova, Italy containing the muring NKGZO-specific
19G1 antibocdy BAT221 at a final concentration of 1 pgiml. Alternatively the NKG2D-
spacific monocional antibody can be exchanged for a bispecific antihody binding ta
MK@E2D and EpCAM like SEQ ID 47-49 and 7279, In contrast to the meneclonal
anibody ne bigpesitic antibedy is immablized on the solid support.

All experiments were caried out with iriplicates of identical wells, Furthermere, a est of
two identical 96-well plates was prepared in order 1o make sure, that enough cells
wers available for flowcytometry on days 3 and 6. On day 3, supsmatant was
harvested from one 9&-well plate and TNF-c. concentration determined by using a
commercially available ELISA-kit (PharMingsn, 2600KK). The cells wers alsc
harvested and subjected to flowcytometric analysis of CD45-isoform expression,
Moreover, half of the supernatant was removed from aach well of the second 36-well

plede and replaced by fresh medium adjusted to the corresponding cancentrations of -

B7-1/4-7 single-chain construct, bsa EpCAM x CD3, BAT221 andior isctyps control.
On day 6, the colls of this 95-well plate were harvested and their CD45-lsoform
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exprassion pattem was analyzed by flowcylomelry. In general, calls and supermatants
from three identicai wells ({triplicates) were pooled for Fowcytometry and cytokine
analysis, respedtively.

Floweytomslry was performed on a FACScan {Becion Dickingon), Floweylometric
anaiysis of CD45-isoform expression was caried out by double staining of 1 x 10%
cels with a PE-wonjugated monoclonal ant-CR46RA  aniibody (Coulter, 2H4,
5603904) and a FITC-conjugated moneclonal ant-CD48RC antbady {DAKO, UCHL-
1, F 0800) for 30 minutes on ice. Floweytometric monitering of T cell purification was
equally carmied out by singla stainings with & Tricolor-canjugated monoclonal enti-CD&
antibady (Madac, MHCGO008) and a FITC-conjugated monoclona! anti-CDZ28 antibody
{Medac, MHGD2801),

In these priming axperiments, the primary signal was rmadiated by the hispecific
single-chain antinody (bscAb) EpCAM x GD3 thus imitafing specific antigan
regognition through the T-cell receptor (TGR); the second or costimulatory signal
was mediated by the EpCAM-specific B7-1/4-7 single-chain construct through
engagement of CDZE an the T-gells. Thus the sffact of an NKG2D-dirscted
antibody on the priming of naive CD8* T cells could be detsrmined, that were
activaied through the TCR-like and the costimulatory signal. Non-human
stimulator cells armert with EpGAM-apecitic constructs were used in order to avoid
background signals, that may arise with human stimuiator cells incidently
expressing costimulatory receptors, The kineties of T cell priming was meniiered
by flowcytomatry on days 3 and & simultansously measusng the expression of
CD45RA and CD45R0. As shown in Figure 6, almost the eniire population of
naive T cells changed the CDAS-phenctyps 1o that of primed T gells, Le. CD45RA
/RO™, within 6 days in the presence of B7-1/4-7 single-chain construct (500 ng/ml}
and bscAb EpCAM x CD3 (25¢ ng/ml). Accordingly, an intermediate state couid ba
ohsetved on day 3. Suprisingiy, the additional presence of the NKGZD-directed
antibody further accelerated proliferation and priming of haive CD8 T cells. This
could be concluded from the higher percemtage of GD8* T-cells located on day 3
in the lower rght quadrant in Figure 6B, if the calls had regeived tha additional
MKG2D-signal compared to a smaller perceniage when the naive T-cells were
stimulated through the TCR-like and costimuiatory signal alene. Since TNF-x is
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typically produced by primed CD8™-T gells but not by their naive counterparis, the
effect of enhanced T-cell priming could be confifmed by higher concertrations of
TNF-o. measured on day 3 in the supematant of CD8™ T-calls receiving the
NKG2D-signal compared to those primed in the absence of the NKGRD-directed
antibody (Figure 7).

Even the flowcytometric results on day 6 (Figure 6 £ and E}, when the priming
process was almost completed, showed the NKG2D-mediated support of T call
priming: The loss of CD45RA-sxpression within 6 days proved to bs maore
profound in the presence than in the absence of an NKGZD-mediated signal as
measured by the higher percentage of CD8* T cells located within ihe lower right
field in Figura 6C.

Example 6: MKG2D-tirected antibodies enhance the cytotoxicity of CR8™ T-
cells and NK-cells triggered through engagement of the TCR- or the FeyRHI-
complex, respectively

In order to test the racruiiment of cytotoxic lymphocytes i.e. CD3* T calls and NK calls
by NKG2D-directed antibodies, we performed *'Crrelease assays using the murine
FoyR-positive PA15 cell ling as target and either a Melan-A specific hurman CD8* T cell
clkine (Melan-A cells) or MKL cells {Bauer {1985) Science 285: 727) as effectors,

The 5'Crrelease assay measuring cellular cytotoxicity was camied oul as described by
Mack (1995) Proc Natl Acad Sci USA 92 7021 with minor modifications. 10,000 ¥'Cr-
lebeled P815-cells were either mixed with 50.000 Melan-A cells or with 200,000 NKL
cells per well of a round-botterned microtiter ptate. NKL celfs were incubated for 4h in
the prosence of Sug/ml CD16 antibody (3G8} andior dilited hybridoma supernatant
containing the murine NKGZD-specific mongclonal antibody BAT221, Melan A calls
were incubated for 4h in the presence of 0,2 ug/ml CD3 antibody (OKT3) and/or
ditutad BATZ21-supernatant. Maximum *'Cr-release was determined by lysis of target
cells with Maly buffer (2% SDS/ 0,37% EDTA/ 0.53% Na:C0s). The sponfanacus
S'Gr-release was determined with target cells incubated in the absence of effector celis
and antibodies. Target cefls incubated with effector cells in the absence of antibodies
sered as pegative confrol. Specific lysis was calculated as [{opm, experimental
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release) - (cpm, spontaneous release)] / [{cpm, maximal release) - (cpm, spontanecus
release)]. The cytotoxicily assay was canded out with triplicate samples, As shown in
Figure 8, BAT221 did not induce any substantiai target cell lysis by itsaif in contrast to
published NKG2D-antibodies (Bausr {1999) Science 285 727). As expected e
CD16~ and the CD3-antibody induced redirectsd targst cell lysis with NKL-cells and
Melan A-cells, respeclively. However, although not cytoloxic by itself, BAT221
suptisingly enhanced target cell cytotoxicity triggered by engagement of the TCR-
complex on Malan A-cells and of the FeyRllkcomplex on NkL-cels, Altematively,
PB15-cells can be replaced e.g. by EpCAM-positive Kato-cells and the NKG2D-
specific manoclonal antlbody exchanged for a bispecific antibody binding o NKG2D
and EpCAM like SEQ 1D 47-49 and 72-79. The TCR-complex on CDS8* T-gells may be
engaged hy a hispecific antibody binding te CD3 and o a suriace antigen on the target
cells or by specific TCR-recognition of progessed MHC |-complexed target cell
antigen. The FoyRIll-complex on NK-cells may ba engagsd by a hispecific antibody
hinding fo CD16 and o a surface antigen on the targat celis or by a target cell specific
ronocional antlbedy iike e.g. a human EpCAM anfibody bound to FeyRIN via its Fe-
part.

Example 7: Bispeciflic single-chain antibodies with an NKG2D-binding site
located C-terminally of the target binding site

Five Balb/c mice were genetically immunizad with human NKG2D as described in
Example 2. In order fo identify mice with a serum anfibody reactivity on the surface of
human Iymphocytes resernbling the expression pattern of the NKG2O-recsptor
complex, a triple flourascencs analysis on PBMC as described In Exarmple 2 was
cartied out with mouse serum diluted 1:10, 1:20 and 1:40. As shown in Figure 8, only
one mause sefum (Mo, 4} exhibited strong steining of both CD8* T-lymphocyies and
NK-cells. The spleen cells of this mouse were used as an immunoglobulin repertoiie
for the construction of a combinatorial antibady library as described in WQ9925818
{Exarnple 6). The cloned antibody reperioire wag displayed on filamentous phage as
an Nz-VH-VL-fusion protein, imitating the C-termial position of the corrgaponding
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anfigen binding site within & bispesific single-chain aniibody. Selection of NKG2D-
reactive scPwiragments was carried out through two rounds of Ebrary panning on
immobilized recombinant NKG2D-protein as described in WOS925818 for the 17-14A-
or EpCAM-antigen followed by three rounds of panning on NKG2D-pesitive NKL-czlls.
Cell panning was casried out in PBSHO%FCS by resuspending 2-5 x 10° NKL-cells in
500 P phage suspension followed by 45 minutes of moderate shaking at 2°C. Then
cells plus bound phage padicles were centrifuged in a desk centrifuge at 2500 rpm for
2 minutes. Then the resulling pellst was washed twice by resuspension in 1 mf of
PBSM0%FCS followed by recentrifugation (third round of panning). During the fourth
round of panning 3 washing steps were appiiad as well as 5 washing steps during the
fitth round of panning. Specificafly bound phaga parficles were siuted from the NKL-
cells by resuspension and ineubation in 500 W HCRGlycin for 10 minules fallowed by
neutralisation with 30 1) 2M Tris-bass {pH 12). The eluats ware used for infection of a
new uninfected E.coli XL1 Blue culture. Aftar five rounds of phage-production and
subsequent selection for antigen-binding scFv-displaying phages, plasmid DNAs from
E.coli cultures were isolated corresponding to the fourth and fiith round of panning. For
the production of soluble scFv-antbody fragments that carry the N2-domain at their N-
terminus, the DNA fragment encoding the GT-domain of the genelll-product was
excised with Spel/Notl and replaced by the tetramertization domain of human p53
(Rhsinnecker {1986) J Immuncl. 157: 2889} flanked by an N-lerminal Ig-hings-region
and a C-termminal Flag-epitope (Figure 10, SEQ ID 50 and &1}, After ligation, the
resulting pocl of plasmid DNA was translormed into 100 wt of heat shock competent
E.coll X1 Blue cells and plated on Carbeniciline LB-agar. Single colonias were chsck
by screening-PCR for integrity of the cloned VH- and YL-regions and those with intact
variahle reglons subjected fo periplasmatic expression of soluble antibody fragments
as described in WOS825813 (Example 6). The perplasma praparations were tested
by ELISA on immobilized recombinant NKG2D and specifisally binding N2-soFv-p53-
fusion proteins detected with the peroxidase-conjugated anti-Flag M2 antibody
(Sigma, A-8582). As shown in Figure 11 many NKG2D-reaciive clones from tha fourth
and fifth round of parning could be identified. The scFv-encading fragments of the
positive clones wera excised with BspEl from the phage display vector and subcloned
into the plasmid vector BS-CTI (sse WO 00-GB805, Figure 2) prepared by digsstion
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with BspEl and Xmal followsr by dephosphaorylation with calf intestinal phophatase,
The comrect orientation of the scFv-fragments was checked by analytic digestion with
ihe rastriction enzymes BepEl and Spel. By insertion into BS-CT1 the scPv-encoding
fragments were fused inframs to a Hisetag (SFQ 1D 52-71). In the next step, the
scFy-fragments were excised with BspEl and Sall from BS-CT and subcloned
BspElfSall nto the mammalian expression vector pEF-DHFR that contained an
EpCAM-specific, CD3-directed bispecific single-chain antibody as deseribed by Mack
(1995} Proc Natl Acad Sci USA 52: 7021 sxcept that the scFv-fragment of the
EpCAM-specific monoclonal antibody M79 had besn replaced by that of the
monoclonal antibody 3610, that binds to EpCAM with high affinity (= bsc 2B10 x CD3).
Thus, the CD3-specific scFv-fragment was replaced by NKG2D-reactive scFv-
fragments resulting in EpCAM-specific, NKG2ZD-directed bispecific  single-chain
anlibodies {SEQ 1D 72-79).,

CHO/Mdbfr- cells were chosen for the transient expression of the antbody-like
maolecules. The transfection of the cells was performead with the TransFast transfection
reagent (Promega, Heidelberg) according to the manufacture's protacal. Bricfly, 2.5 x
10° cells were seeded per well in six-well plates 20 hre prior to transfection, The
fransfection mix was prepared by adding 6 pg of plasmid DNA harbaoring the antibody
seguences of the p-galactosidase gens to 1 ml MEM alpha media withaut
supplaments. Afler mixing 30 ul of TransFast reagent were added. The mix was
vortexed and incubated for 15 minutes at room temperature. Then, the media was
removed from the cells and replacedt by the transfection mix. After 1 hour incubation
period al 37 °C the transfactiion mix was aspirated and frash compiete MEM alnha was
added to the cells. Protein production was analyzed 4 to & days post transfection by
FACS analysis. The supernatants wete harvested aftar 4 to 5 days. To remove call
debris the supematants were centrifuged. The function of the antibodies was analyzed
in kinding studiss of the ant-EpCAM spacific part on Kato 1t calls. Per sample, 4 x 16°
cells wers incubated in 75 i transfected cefl supemaiant diluted with 25 gl FACS
buffer {1 % heat-inactivated FBS, 0.05 % Nasl in PBS). The samples ware incubated
for 30 minutes at 4°C. After washing the cells twice with 200 pl FACS buffer the cells
were ncubated with 2 pgiml ant-Penta His antibody (UAGEN, Netherlands) for 30
minutes at 4°C. Subssquently, the cells were washad again and incubated for 3¢
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minutas with a sheep antkmouss FITC conjugate (SIGMA, Daisenhoten. Binding waa
detectad with 2 FAGS Calinur {Becton-Dickinson} (Figure 12). Supernatants of GHO-
cells fransiently transfeciad with bsc 3B10 x P4-3 and hsc 3R10 % P5-2 showed
pasitive ELISA-signals onimmobilized recombinant NKG2D-antigen (Figurs 13).

As an alternative to MKG2D, DAP{G-peplide-conjugates as described in Exampls 4
may be used for Immunizing mics, whose apleen calls may be the saurce of an
immunaglobulin repertoire for the construction of a combinatorial antibody library like
that described in this Example. Thus, DAP10 wmactive antibady hinding sites
racogrizing the NKG2D-recepior camplex on DT T-ymphocytes and NK-cells avan
when located C-teminally of the target binding site within a bispecific single-chain
antibody may be selectsd through library panning on immobilized peptide-conjugate
and/or cells expreasing the NKG2D-recaptor complex,

Example 8: Recrultment of CD&8" T and NK effecior cells by bispecific single-
chaln antibodies with an NKG2D-binding site located C-terminally of the target
binding site

In order to test the recruitment of cytotoxic lymphocytes i.e, CD8" T cells and NI calls
by NKG2D-directed bispecific antibadies, we performed >'Cr-release assays using the
gastric cancer ozl lina Kate as target and either a Melap-A spaciiic human GDS* T call
clone (Melan-A cells), NKL cells (Bauer (1998) Science 285: 727) or unsiimulated
PBMC from a healthy donor as effectors. ’

The *ICrrelease assay measuring cellular cylotoxicity redirecied against EpCAM-
positiv Kato-oells was carmed out as described by Mack {1885) Proc Natl Acad Sci
USA 92: 7021 with mincr modifications. 10.000 *'Crabsled Kato cells were sither
mixed wilh 50.000 Malan-A cells or with 200.000 MKL cells or FBMC par well of a
rounc-bottamed micratiter plate and incubated for 4h {Melan A- and NKL<els) or 18h
(PBMC} in the presence of culture supernatant from CHO cells dilufed 1;2 thal had
been transfected with differert EpCAM-specilic, NKG2D-direcisd bispesific single-
chain antibodies {3810 x P4-3, 3810 x P4-14, 310 x P&-2 and 3B10 x P5-23)
described in Example 8. Maximum “'Cr-release was determined by lysis of target cells
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with Maly buffer (2% 3D/ 0,37% EDTA/ 0,53% NazCOs). The spontaneous *'Cr-
releass was determined with target cells incubated in the abzence of effector colls and
bispecific antibody. Target cells incubated with effectar cells in the absence of
anthodies served as negative control. Specific lrsls was calculated as ((cpm,
experimantal releasa) - {cpm, spontanenus releass}] / [{cpm, maximal release) - {cpm,
spontansous releass)]. The cytotoxicity assay was camied out with triplicaie samples.
As shown in Figurs 14, the supernatant of CHO-cslis transiently ransfected with e
NKG2D-directed bispecific single-chain antibody 3B10 ¥ P4-3 Induced weak but
repraduciols and fitratitle gytolyls of EpCAM-positive Katecel's with both Melan-A-
and NKL-uslls in the 46-5'Cr release test. Moreover, the supernatants of CHQO-cells
fransiently transfecled with the NKG2D-directed bispecific singls-chain antibodies
3B10 x P4-3, 3B10 x P4-14, 3810 x P5-2 and 3B10 x P5-23, respectively induced
substantial target cell lysis with PBMC in the 18h S'Crrelease assay (Figure 15).
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CLAIMS

A muitifunciional polypeptide comprising

(@)  a first domain comprising a binding site specifically rscognizing an
extracellular epitope of the NKG2D receptor complex; and

b}  asecond domain having receptar or ligand function.

The muliffunctiona) polypeptide of claim 1 wherein said binding site is the
binding site of an immunaglokulin chain.

The multifunctional polypeptide of ¢laim 1 wherein said binding site Is a
natural NKG2D-ligand of said receptor complex,

The multifunctionat polypeptide of claim 3 wherein said natural NKG2D-
tigand is selected from the group consisting of MIC-A, MIC-B, ULBP-1 and
uLBP-2.

The muitifunctional polypeptide of claims 1 to 4 wherein said binding site
spacifically recognizes an extracelular epitope of NKG2D or of DAP10,

The multifunctional polypeptide of any one of claims { te 5 wherein said
receptor or ligand function is an aniigen hinding site of antibodies or
fragments or derivatives thereof against (i} tumor asscsiatec antigens, (i)
antigens ot infective agents or (Ii} surfage markers of sub-populations of
cells such as differentiation antigens {CD antigens), natural ligands or
receptors or fragments thereof or modifications thereof that interact with
said tumnor asscciated antigens or surface markers, preferably (i)
hereguling, binding to the turnor associated aniigens erbB-&, -3 and —4, (if)
CD4 that interacts with gp 120 of MIV infected cells or {ji) melanocyle
stimulating hormen (MSH) that binds to the MSH receptor on melanccytes
and lumors detlved therefrom (maiigne melanames) or chemokines binding
ta corresponding chemokine recepters, or MHC molecules or fragments
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thereof complexed with peplides that bind to T-cell receptors of predefined
specificity and thus recagnize certain T-cell sub-populations of antigen

. binthing sites of T-calt receptors that speciiically interact with predatined

MHG peplide complaxes or NXp46 which interacts with hasmaggiutinin
{HA) of influenza virus,

The multifunctional polypeptide of claim 6 whersin said tumor-associated
antigen is selected from the group consisting of Lewis ¥, Mug-1, orbB-2, -3
and 4, Ep-CAM, EGF-receptor (e.g. EGFR typs | or EGFR type 11}, EGFR
deletion nacepitope, CA18-9, Muc-1, LeY, TF-, Tn- and sTn-antigen, TAG-
72, PSMA, STEAP, Cora antigen, CD7, CD18 and CD20, CD22, CDE5, Ig-
o and Ig-p, A33 and G250, CD3Q, MCSP and gp100, CD44-vE, MT-MMPs,
(MIS} receptor type ), carboanhydrase 9, Fi8.antigen, Ly6, desmoglein 4,
PSCA, Wue-1, GD2 and GD3 as well as TM4SF-antigens (CDB83, L8, CO-
28, SAS) or the alpha and gamma subunit of the fetal type
acetylcholinteceptaor (AChR).

The muitifunctional polypeptide of claim & wharsin said surface marker for
an infacted cell is selected from the group consisting of viral envelops
antigens, &.g. of hurnan retroviruses (HTLY | and 1), HiV1 and 2) or human
herpes viruses (MSV1 and 2, GMVY, EBV}, haemangiutinin e g. of influenza
virus A, B or C, glycoprotein E1 and E2 of rubefla virus or RGP of rabijes
wirus,

The multifunctional polypeptide of any one of claims 1 to & which is a bi-
specific antibody.

The muliffunciional polypeplide of claim 8 wherein said multifunctional
palypeptide is selectsd from the group consisting of & synthetis, a chimeric
and a humanized antibody.
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i2.

1a.

18.

28

The multifunctional pelypeptide of any one of claims 1 1o 10 which is a
single-chain.

The multifuncticnal polypeplide of any one of claims 1 to 10 wherein said
wo domains are connected by a polypeptide linker.

The multifunctional polypeptide of any one of claims 1 to 12 wherein said
first and/or secend domain mimic or correspond to a Vy and v, region of a
natural antbody.

The muliifunctional polypeptide of any one of claims 1 to 13 whereln at
least one of said domains s & single-chain fragment of the variable region
of the antibody.

The muttitunctional polypeptide of any one of claims 1 to 14 wherein said
domains are ranged in the order VUNKG2D-ViNKG2D-VHTA-VL-TA or V|-
TANLTA-VNKG2D-V NKG2D, whersin fhe TA represents a target

antigen.

The multifunctional polypeptide of claim 16 wherein said target antigen is
selacted from the group consisting of Lewis ¥, Muc-1, elhB-2, -3 and —d,
Ep-CAM, EGF-receptor (e.g. EGPR typs | or EGFR type 1), EGFR dsletion
negepitope, CA18-9, Muc-1, LeY, TF-, Tn- and sTn-antigen, TAG-72,
PSMA, STEAP, Caora antigen, CD7, CD1& and CD20, D22, CD2s, lg-au
and Igf, A33 and G250, CD30, MCSP and gpi00, CD44-v8, MT-MMPs,
(MIS) receptor type Il carboanhydrase 9, Fig-antigen, Ly8, desmoglein 4,
PSCA, Wue-1, GD2 and GD3 as well as TM4SF-antigens (GD63, L8, CO-
29, SAS) or the alpha and gamma subunit of the fetal type
agetylcholinreceptor (AChR)..
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20,

21

22

23.

24,

25.

60

The multifunctional palypeplide of any one of claims 12 to 16 wherein said
polypeptide linker comprises a plurality of glyeing, serine and/or alanine
residues

The muliifunciicnal polypepiide of any cne of claima 12 to 17 wherein said
poiypaptide finker cormprises a piurality of consecutive copies of an amine acid
sequence.

The palypeptide of any one of ¢laims 12 to 18 whersin sald polypeptids linker
comprises 110 8, 5 to 10 or 10 1e 15 amine acid residues.

The muitfunctional polypeptids of any ona of claims 4 1o 18 wherein said
polypeptide linker comprises the amine acid sequence Gly-Gly-Gly-Gly-Sar.

The multifunctional polypeptids of any one of claims 1 1o 20 comprising af lsast
one further domain.

The multifunctional polypeptide of claim 21 wherein said further doman is
linked by covatent or non-covalent bonds.

The multifunctional polypeptide of claims 21 or 22, wherein said at least one
further damain comprises an sffector molecule having & conformation suttabla
for biclogical activity, capable of sequestering an ion or selective binding o a
solid support or o a preselected determinant.

The multifunctional palypeptide of any one of claime 21 o 23 wherein said
further domain confers a co-stimulatery and/or a co-activating function.

The multifunciional polypeptide of claim 24 wherein sald co-stimulatery function
is mediated by a COZ28-ligand or a CD137-ligand.
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26,

27,

28

29,

30.

31.

32

32,

a4,

a1

The mufifunctional pelypepiide of claim 25 wherein said CD28igand or
CD137-ligand is BY-1 (CDE0}, B7-2 {CD8E), an aptamer or an antibody or a
functiona! fragment or a functional derivative thereof,

A polynuelealide which upon expression encodes a multifunctional polypaptide
andfor functional parts of a multifunctional poivpeptide of any one of claims 1 to
26.

A vector comprising the polynuslectide of claim 27.
A cell fransfecied with the polynucleotide of claim 27 or the vector of slaim 28,

A method for the preparation of the multifuncticnal polypeptide andfor panis of
the mulifunciional polypeptide of any one of claims 1 to 26 comprising culluring
a cell of claim 28 and isclating said multifunctional polypeptide of functionat
parts thereof from the culture.

A compesition comprising the polypeptide of any one of claims 1 to 28, the
polysucleotide of claim 27 or the vector of slaim 28,

The compositien of claim 31 further comprising & molecals conferring a co-
stimuiatory and/or co-activaiing function.

The composiiion of claim 31 wherein said co-stimutatory funciion is is mediated
by & CD28-ligand or & $D137-ligand.

The compaosition of claim 31 wherein saic¢ CD28-ligand or CD137-ligand is B7-1
{CDBO), B7-2 (CDB8), an apfamer cr an antibody or a functional fragmant or a
funcifonal derivativa thereof,
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36.

37.

38

62

Tha composition of any one of daims 31 to 34 which is a phamageutical
compesition optionally further comprising a phamaceutically acceptable

carrier.

The composition of any one of claims 21 to 35 which is a diagnostic
compasition cptionally furthar comprising suiable means jor detections.

Use of the mulifuncticnal polypeptide of any one of claims 1 to 28, the
poiynucleotide of claim 27 or the vector of claim 28 for the preparation of a
pharmaceutical compoesition for the weatment of cancer, infections andfor
auteimmune conditions, cancer, i.e. maligne {solide} tumors and hemalopoistic
cancer farms (lsukemias and lymphomas), banigne tumers such as benigne
hyperplasia of the prostate gland (BPH), autonomous adenomes of the thyroid
gland or of other endocring glands or adenomas of the colon; initial stages of
the malignancies, infectious diseases, caused by viruses, bacteria, fungi,
protozoa or helmints, aulo immune diseases wherein the elimination of the
subpopulation of immune cells is desired that causes the disease; prevention of
transplant rejection or llergies.

The use of claim 37 wherein said infaction is a viral, a bacterial or a fungal
infection, wherein said cancer is a head and neck cancer, gastic cancer,
ocesaphagus cancer, sfomach cancer, colarectal cancer, coloncarcinoma,
cancer of liver and intrahepatic bile ducts, pancreatic cancer, lung cancer, simali
cell lung cancer, cancer of the larynx, bresst cancer, mamma carcinoma,
malignant melanoma, multiple mysloma, sarcomas, rhabdomycsarcoma,
lymphomas, folicular non-Hodgkindymphoma, leukemias, T- and B-call-
letiarnias, Hodgkinymphom, B-cell lymphoma, ovarian cancer, cancer of tha
uterus, cervical cancer, groslate cancer, genital cancer, renal cancer, cancer of
the testis, thyroid cancer, bladder cancer, plasmacytoma or brain cancer or
wherein said auicimmune condition is anky!osing spondylitis, acute antsrior
uveilis, Goodpasiure's syndrome , Multipe sclerosis, Graves' disease,
IMyasthania gravis, Systemic lupus erythematosus, Insulin-depandent diabates
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39.

40

41,

42,

43,

53

maliitus, Rheumalsid arthritis, Pemphigus vulgaris, Heshimoto's thyroidiiis or
autoimmune Hepatitis.

Use of the polynuclectide of claim 27 or the vector of claim 28 for the
praparafion of a composition for gene therapy.

A methed for the treaiment of cancer, infections or autoimmune conditions
comprising introducing the polypeptide of any one of claims 1 to 26, ihe
polynucleotide of claim 27 or the vector of claim 28 or the composition of ¢laim
35 into & mammal affacted by said malignancies or diseases.

A method jor delaying a pathological condition comprising infroducing the
palypeptide of any one of claims 1 fo 28, the poiynucleotide of claim 27 or the
vector of claint 28 or the composition of claim 35 into a mammal affected hy
s&id pathological condition.

The methed of olaim 40 or 41 wherein said mammal is a human,
A kit comprising the multifunctional polypeptide of any ong of claims 1 1o 26, the

polynucleotide of claim 27, the vectar of claim 28, the ceil of claim 28 or the
compaosition of any one of claims 31 to 36.
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Fig. 1 Nucleotide- and amine acid seguence of soluble NIKG2D
-2 -1
GAR TIC acc
1 5 18 27 36 a5 54

50
ace

1127 126 238 1d4 153 1€2

im 120 igg isg 207 216
AGT AAR AMC TEC TAT GAG AGC CBG GCT TQT TGT AIG TCT CAA BAT GOO AGC CTT

223 234 243 252 261 270
CT3 AAR GTR TAC AGC RAR GAG GRS CAG GAT TTA CTT RAA UTE GTG ARG TCA TAT

272 288 297 208 315 324
CAY TGG ATG GoA CTA GTHR CAC ATIT CCR ACA AAT GEBA TCT TGE CAG TGE GAR GAT

323 342 357 360 369 378
BEC TCC RTT CTC TCA CCC ARC CTA CTA ACA ATA ATT GAA ATG CAG ARG GGR GAC

387 396 405 414 423 432
TET GCA CTC TAT GCC TCE AGC T¥T AAA GGEC TAT ATA GRA ARC TGT TCA ACT CCA

441 450 459 468 477 488

495
TGa &TC GRC 3
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Fig. 16 16/41
SEQ  Description Type of Sequence
1D Seqguence
1 Human NN ttailcaaccaagaaglicaaaticcottgacegaaa
| NKG2D giiacigtggeccatgteclaaaaaciggatatyitac
- extracellular aaaaataacigetaccaattittigatyagagtaaaa
demain actggtatgagagecagyctictigtatgictcaaaat
gecagecttctganagtatacageaaagaggacc
aggatitactiaaactggtgaagtcatatcatiggaty
ggacitagtacacaticcaacaaatggatotiggcag
tgagaagatggotccatictctcacocaacctactaa
caataattgasatgcagaagggagactgtgcacte
taigccicgagetttaaaggctatatagaaaactgttc
aaciccasatacatacatctgoatgoaaaggactgt
glccaggeatcatcaccatcatcat _
2 Human AA LFNQEVQIPLTESYCGPCPKNWICYK
NKG2D NNCYQFFDESKNWYESQASCMSON
extracellular ASLLKYYSKEDQDLLKLVKSYHWMG |
domain LYHIPTNGSWOQWEDGSILSPMLLTIE
' MOKGDCALYASSFKGYIENCSTRNTY
. ICMIDRTVSGBHHHHH
3 Human AA NQEVQIPLTESY CGPCPKNWICYIKNN
NKG2D CY QOFFOESKNWYESQASCMSONAS
extracellular LLKVYSKEDQDLLKLYKSYHWMGLY
tragment 1 HIPTNGSWGWEDGSILSPNLLTIEMG
(nl §4-462) KGDCALYASSFKGYIENGSTPNTYIC
MORTV
4 Human AA WICYKNNGY QFFDESKNWYESQASC
NKG2D MEQNASLLKYYSKEDQDLLKLVKSYH
extracelular WMGLVHIPTNGSWOWEDGSILSPNL
fragment 2 LTIEMGKGDCALYASSFKGYIENCST
(it 123-462) PNTYICMQRTY
5 Human AA QTTPGERSSLPAFYPGTSGSCSGCG
DAP10 SLSLP
aextracelluiar
domain
3] Human AA QTTPGERSSELPAFYPGTSGEC
DAR{O
extracellular
i fragment
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WO 0171005 PCT/EPN 03414
Fig. 16 cont. 1743
7 i Anti-NKG2D | NN gacaticagotgacccagtetecagectocotatetg
| hybridema cateigigggagaaacigtcaccatcacatgtegag
* 1182010 caagtgggaataitcasaattatitageiiggiatcag
variable light cagaaacagygaaaatctectcaggteciggtetat
chain astgeaaaaaccitageagalggioginecatcaan
gticagiggeagiggatcaggaacacaatatioiote
aageicaacagestgeagocigaggatiigggagt
{attactgicaacatitiilggagtactacgtggacyttc
gatggagdgaccaagoiggagaicaag
B Anti-NKG2D | AA DIQLTOSPASLSASVGETVTITCRASG
hybridema RIHNY LAWY QQKQGKSPQVLY YNAK
1182010 TLADGVPSRFSGSGSGTOYSLKINSL
variable light QPEDFGESYYCQRFWSTTWTFGG
| lechain GTKLEIK
9 AN-NKG2D | AA HASGMNIHNYLA
" hybridoma
11B2D10
variable light
chain CCR1
10 Anti-NKG2D | AA NAKTLAD
hybridoma
11B2D10
vatiable light
chain CDH2
11 Anfi-NKG2D | AA QHFWSTTWT
hybridoma
1182010
variahle light
_|.chain CDR3
12 [ Anti-NKG2D [ NN cagglecaacigeagraglclggacctgageigat
hybridoma gaggeotggggceticagtgaageigicetgcaagy
1182D10 clictggetacacgticaccagetaciggatgaacty
! variable ggilcageagaggeetgageaaggcctigagtgga
heavy chain ttggaagyattgatocttacgatagigaaacicacta
caalcaaaagticaaggacaaggecatatigactgt |
. agacaaatccgecageacagectacatgeaacis
agecagecigacatetgaggactetgeggteiattact |
gtgeananatgggigatiactoetitgactactgggg
ccaaggaaccacggicaccqictesica
13 Anti-NKG2D | AA QVALQOSGPELVRPGASVKLSCKAS
hybridoma GYTFTSYWMNWYQQRPEQGLEWIG
1 11B2D10 RIDPYDSETHYNDOKFKDRAILTVDKSA
{ vartable STAYMQOLSSLTSEDSAVYYCAKMGD
| heavy chain YSFDYWGQGTTVTVSS
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WO 0171005 PCT/EPN /03414
Fig. 18 cont. 18/41
14 | Anti-MNKG2D | AA GYTFTSYWMN
hybridoma
11B2D10
variable
heavy chain
coAal
15 [ Anii-NKG2D | AA RIDFYDSETHYNQKFKD
hybridoma
11B2D10
variable
heavy chain
CRR2
16 | Anti-NKGZD | AA MGDYSFDY
hybridoma
1182D10
variable
heavy chain
GDR3
< 17 Anti-MKG2D | NN pacattcagetgacoecagtelecageaateatgici
hybridama catclecangogagaaggtcacaatgactigoagg
6HTEY gecageicaagigtaagitacatgeastggtaccag
variable light cagaageeaggalccicceccaaacceetggattiat
chain gecacatceaacoiggetictggagtoeotgetogot
teagtgacagtgagtctaggacctetiactetctcac
aatcageagagtggaggetgaagatgetgecactt
aftactgecageagtggaatagtaaccegatcacgt
leggtgotgggaccaagetapagatcasa
18 | Anti-NKG2ZD | AA DIQLTQSPAILSASPGEKVTMTCRAS
hybridoma SSVSYMHWYOQOQKPGSSPKPWIYATS
GH7E7 NLASGVPARFSGSGSGTSYSLTISRY
variable light EACDAATYYCGOWNSNPLTFGAGTK
chain LEIK
19 | Anti-NKGED | AA RASSEVSYMH
hybridoma
6H7E7
variable light
chaip CORA1
20 | Anti-NKG2D | AA ATSMLAS
hybridema
GH7E?
variable light
chain COR2
21 Anti-NKG2D | AA QOWNSNPLT
hybridoma
BH7E7
variable lght
chain COR3.
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WO 0171005 PCT/EPN 03414
Fiy. 16 cont. 19741
22 | Anti-NKGZD | NN tagglgsagoigeaggagicagnacciggoetggt
. hybridoma gyegecsteasagagootgiecatcactigoactgt
6H7E7 cletggotiticatiaaceagetatggigtacactggat
variable tegocagectecaggaaagagiciggagtagelay
heavy chain i gagtaatatgageiggtggaageacaaatiataat
. eggeteicatglecagacigageatcageaaagas
! mactceaggageeaagiiiictiaaaaaigaaiagic
tgvaaatigalgacacagecalglaciactglgeca
gaggggagtacgagaggocagcctggitiggtiac
tgnggeceagggaccacgdicacogtcteetca
23 | Anti-MKG2D - AA QVQLQESGPGLVAPSGSLSITCTVSG
hybridoma FSLTSYGVYHWIRQPPGKGLEWLGVI
BH7E7 WAGGSTNYNSALMSRLSISKDNSKS
variable OVFLKMNSLQIDDTAMYYCARGGYE
heavy chain GAAWFGYWGOGTTVTYSS
24 Anti-NKG2D | AA GFSLTSYGYH
hybridoma
GH7E7
. varfable
" heavy chain
. CDR1 :
256 |, Anti-NKG2D | AA VIWAGGSTNYNSALMS
i hybridoma
6H7ET
variable
heawy chain |
CDR2 !
26 | Ani-NKG2D ' AA GGYEGAAWFGEY
hybridoma
GH7EY
variable
heavy chain
CDR3
27 | Ant-NKG2D NN Gacalteagelgacceagtctecagecatocigtel
hybrldoma ‘ glgagtecaggagaaagagtoagtitctectgeagy
8G7C10 geeagtcagaccatiggeacaageaticactggtat
varable light cageaaagaacaaatggticlccaaggetictoata
chain aagtalgciicigagtctatctetgggateeoticoag
gtitagtggoagtggateagggacagatttactotta
geatcaacggigtggagtctgaagatattgeagatt
atfactgtoaacaaagtaatacctggecactcacgtt
cgatgetgggaceaagetggagatcasn
28 | Anti-NKG2D | AA DIQLTGSPAILSVYSPGERVSFSCRAS
hybridoms OTIGTSIHWYQORTNGSPRLLIKYAS
BG7CA0 ESISGIPSRFSGSGSGTOFTLSINGVE
variable light SEDIADYYCOGSNTWPLTFGA
chain GTKLEIK
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WO 0171005 PCT/EPN 03414
Fig. 16 cont, 2041
29 [ Anti-NKG2D [ AA RASCTIGTSIH
| hybridoma
| 8GTC10
i variable light
. chain CDR1
30 | Anli-NKG2D | AA YASESIS
hybridoma
L 8GTC10
i variable light
i chain CDR2
31 Anti-NKG2D | AA QOSNTWPLT
hybridoma
8G7C10
variable light
chain CDR3
32 Anti-NKG2D | NN cagotgeageigoageagicaggaceiggectagt
hybricdoma goageectcacagageaigtocatcaccigeacag
8G7C10 tetotggtticicatiaactatciatggtgtacactggatt
variable cgeragtotccaggaaagggtetggagtggctggg
heavy chatn agtgatatggagiggeggaageacagactataaig
cagctticatatccagactgageatcageaaggac
aattccaagegecaagttiteittanaatgageagict
geaagotaatgacacagecatatattactgliccay
aaagteccatgatggttaciacggagtaatggacta
ctggggroaagggaccacggicaccytciocica
33 ! Anti-MKGZ2D | AA QVOLOOSGFGLYQPSQSLSITCTVS
» hybridoma GFSLTIYGYHWVYROSPGKGLEWLGVI
8G7C10 WSGGSTDYNAAFISRLSISKDNS KRG
variable VFFKMSSLOANDTAIYYCSRKSHDGY
heavy chain YGVMDYWGQGTTVTVES
34 | Anti-NKGZD | AA GFSLTIYGVH
hybridoma
3G7C10
varnable
heavy chain
CDR1
35 PANG-NKG2D | AA VIWSGGSTOYNAAFIS
hybridoma
8G7C10
variable
heavy chain
CDR2
36 | Anti-NKG2D | AA KSHDGYYGVMDY
hybridoma
8G7C10
variable
heavy chaln
CDR3
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WO 0171008 PCTFPI03414
Fig. 16 gont. 218
37 | Anli-NKG2ZD | NN gacaticageigacceagteiccagecatoctgtotg
hybridema igagiccaggagaaagagicagttictectgcagag
BESA7 ccagicagageatiggeacaagcaticactygtate
variable light agcaaagaacaaatggiiclecaaggettcicaiaa
chain agtatgctictgagtctaictetgggatocoticcagat
tlagtggcagtggatcagggacagatiitactcttag
caicaacggtgtgyagicigaagalatigeagaltat
tactgtcaacaaagtaatacetggocacicacgtte
agtoctgggaccaagelggagatcana
38 | Anti-NKG2D | AA DIQLTOSPAILSVSPGERVSFSCRAS
hyhridema QSIGTSIHWYQQRTNGSPRLLIKYAS
B6ESAT ESISGIPSRFSGSGSGTOFTLSINGVE
variable light SEDIADYYCOQSNTWPLTFGAGTKLE
chain K
39 | Anti-NKG2E | AA RAASQSIGTSIH
hybridoma |
6EBAT7 .
vatiable light .
chain CDAT :
40 | Anti-NKG2D | AA P YASESIS
hybridoma .
GESA7
variable light
chain CDR2
41 Ant-NKG2ZD | AA QOSNTWPLT
hybridoma
GESAT
variable light
chain CDR3
42 Anti-NKG2D | NN saggtgcagotgeagoagicaggacctggectagt
hybridoma geagecetcacagagecigtecatcacctgeacag
GEBAT tetotggtticteattaactateiatggtglacactgagtt
variable cgeoagiciecagaaangugtelggagiogeiogg
heavy chain aglgataiggaglggeggaagcacagaciataaig
cagetitcatatncagacigageatcageaaggac
aattccaagegecaagitttcittaaaatgageagtct
goaagslaatgacacagocatatattacigitecag
aaagtecoaigaigptiactacggagtaatggacta
clggggeeaagggaccacggtcaccyictecica
43 | Anti-NKG2D | AA OVOLQOSGPGELYQPSASLSITCTVS
hybridoma GFSLTIYGYHWYROSPGKGLEWLGVI
BEDAT . WSGGSTDYNAAFISRLSISKDNSKRG
variable ; VFFEMSSLAOANDTAIYYCSRKSHDGY
heavy chain ¥GVMDYWGQGTTVTVSS
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214

34

Anti-NKG2D
hybirldoma
BESA7
variable
heavy chain
CDR1

AA

GFELTIYGYH

Anti-NKG2D
hybridoma

| BEBGAT
: variable
+ heavy chain

CoR2

AA

VIWSGGSTDYNAAFIS

48

Anti-NKG2D
hybridoma
BESAT
variable
heavy chain
CDR3

AA

KSHDGYYGVMDY

47

11B2D10x4-
7 bispecitic
single chain
Fy

DIDLTQSPASLEASYGETVYTITCRASG
NIHNYLAWYQOKQGKSPOVLYYNAK
TLADGVPSRFSGSGSGTOYSLKINSL
QPEDFGSYYCQHFWSTTWTFGGGT
KLEIKGGGGSGGGGSEGEGESQVAL
GOSGPELVRPGASVKLSGKASGYTF
TSYWMNWYQQRPEQGLEWIGRIDP
YDSETHYNGKFKDKAILTVDKSASTA
YMQLSSLTEEDSAVYYCAKMGDYSF
DYWGQGTTVTVSSGGGGSEVQLLE
QSGAELARPGASVKLSCKASGYTFT
NYGLEWVKQRPGOVLEWIGEVYPRI
GNAYYNEKFKGKATLTADKSSSTAS
MELRSLTSEDSAVYFCARRGSYDTN
YOWYFDVWGQGTTVTVSSGGGGSG
GGGEGGGGESELVMTQTPLSLPVSELG
DOASISCRESQSLYHENGNTYLHWY
LOKPGOSPKLLIYXVSNRFSGVYRDRF
SGSGSGTDFTLKISRVEAEDLGVYFC

HHHTS

S3QSTHYPYTFGGGTKLEKATTSHHH
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Fig. 16 cant. 23/4
48 BEGTCTO4-7 DIQLTQSPAILSVSPGERVSFSCRAS
bispecific QTIGTSIHWYQQRTNGSPRLLIKYAS
single chain ESISGIFSRFSGSGSGTOFTLSINGVE
Fv SEDIADYYCQQSNTWPLTFGAGTKLE

IKGGGGSGEEESEEEESMVOLAQS
GPGLVQPSQSLSITCTVSGFSLTIVGY
HWVRQSPGKGLEWLGVIWSGGSTD
YNAAFISRLSISKDMNSKROVFFKMSSL
QANDTAIYYCSRKSHDGYYGVMDYW
GQGTTVTVSSGGGGESEVQLLEQSGA
ELARPGASVKLSCKASGYTFTNYCLS
WVKORPGQVLEWIGEVYPRIGNAYY
NEKFKGKATLTADKSSSTASMELRSL
TSEDSAVYFCARRGSYDTNYDWYFD
VWGQETTVTVSSGAEGGESGGGEAESE
GGGSELYMTQTPLSLFVSLGDQASIS
CRSSQSLVHSNGNTYLHWYLOKPGO
: BPKLLIYKVENRFSGVPDRFSGSGSG
} : TOFTLKISRVEAEDLGVYFCSQSTHY
i : PYTFGGGTKLEIKRT TSHHHHEHTS

49 | 6ESATX4-7 i DIQLTQSPAILSYSPGERVSFSCRAS
bispecific ! QSIGTSIHWYQORTNGSPRLLIKYAS
single chain ESISGIPSRFSGSGSGTDFTLSINGYE
Fv SEDIADYYCQQSNTWPLTFGAGTKLE

IKGEEGSGEGESEEEESOVRLANS
GPGLVOPSQSELSITCTVSGFSLTIYGY
HWVAQSPGKGLEWLGVIWSGGSTD
YNAAFISRLSISKDNSKRAQVFFKMSSL
QANDTAIYYCSAKSHRGYYGYMDYW
GQGTTYTVSSGGGGESEVALLEQSGA
ELARPGASVKLSCKASGYTFTNYGLS
WVKQRPGQVLEWIGEVYPRIGNAYY
NEKFKGKATLTADKSSSTASMELRSL
TSEDSAVYFCARRESYDTNYDWYFD
YWGEAGTTVTVSSEGEESGGEESE
GGGESELVMTQTPLSLPVSLGDQASIS
CRSSQELVHSNGNTYLHWYLGKPGQ
SPELLIYKVSNRFSGYPDRFSGSGSG
TDFTLKISRVEAEDLGVYYFCSQSTHY
PYTFGGEGETKLEIKATTSHBHBHHTS

50 Human p53 | NN actagttccggaaceeocgetgggigacacoaccea
tetramerizati sacctctguaaaaccaciggatggagaatatitcac
on domain cottcagateegtggactgagogeticgagalgtte

cgagagetgaaigaggectiggaacicaaggatge
coaggttgggaagpagocagadaagagogacta
caaggalgacgatgacaagtaageggecge |
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(138)

PCT/EPNI03414

24/

AA

TSSGETPLGDTTHTSGKPLEGEYFTLG
IHGRERFEMFRELNEALELKDAGAGK
EPGGSDYKDDRDK

NN

gaggigeagetgetcgaggagtetggaggagactt
gyiacagestgggggttctelgagacicicetgigea
agltotgogitcacctteactgattactacatgagety
gglccgecageciceaggaaaggoactigagiggt
tyagtittatiagasacaaagctaatggttacacaac
agagiacagigeateigigaagggicggticaceat |
clccagagataaticccasageatccictatcticaa |
aigaacacecigagageigaggacagtceeactta
ttactgigcaagagataagacagacticgatgtetg
gegecaagggaccacggtcacegtoiccicaggty |
giggigatictgocageggeageicegatggtyoty
gttetgagetegtgatgacacagictecateateosty
aclgtgacageaggagagaaggicactaigagot
geaagtecagicagagteigtinaacagtggaaatc
aaaagaactacttgacctggtaccageagaaace
agggeagectectaaacigttgaictactgogeate
cactagggaatciggogtcccigategottcacagy
cagiggatetggaacagatticactelcaceateag
cagiglgcaggeigaagacciggoagttiatiactat
cagaatgaftatagitatcegeleacgiicagtyelag
gaccaagcttgagatcaascgtacyactagiiceg
ggeateatcaccatcatcat

WO 0171005
Fig. 16 cont.

51 Human ps3
tetramerizaii
0h domain

52 | P4-2 single
chain Fv

53 P4-2 single
chain Fy

AA

EVOLLEESGGGLVQPGGSLRLSCAT
SGFTFTOYYMSWVRQPPGKALEWL
GFIBNKANGYTTEYSASVKGRFTISR
DNSUSILYLOMNTLRAEDSPTYYCAR
DKTDFOVWGOGTTVTVSSGRGEGSG
GCGEEGGESELYMTQSPSSLTVTAG
ERVTMSCKSSQSLLNSGNQKNYLTW
YOQKPGOPPKLLIYWASTRESGVPD
RFTGSGSGETDFTLTISSVQAEDLAVY
YOQNDYSYPLTFGAGTKLEIKRTTSS
GHHiHHHH

JP 2004-500108 A 2004.1.8
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WO 01/71005

Fig. 16 cont,

54

P4-3 single
chain Fv

NN

(139)

PCT/EPOLN3414

25141

gagglgeagetoctegagtciggaggiogectoots
cagectggaggateceigaaactcicetgtgeagec
Iciggaitcgattitagtagataciggatgagtgoate
cggeaggetcoagggaaanggetagaatgaaity
gagaaaltaalceagatageagtacgalaaactat
acgccalcictaraggataaaticaleatelceaga
gacaacgocaaaaatacqoiglacetycaaatga
goasagtgagatctgaggacacagecelitatiact
glgcargaggggnggtagtageicceliigaciact
ggggecaagygsccacggicacegtciceicaggt
ggtggtagttctyyoggeggoggelecagtagtgat
ggtictgagetegtealgacoeagicicoatectect
alctpecicictyggagaaagagicagicteacitgt
cgggeaagicaggacaliggtaglagettaaacig
gelicagcaggaaccagatggaactatizaacgee
tgatciacgecacatccagtitagatietgaigteece
aaaaggitcagiggeagtaggtotgogtcagatiatt
cteteaccatcageagoctigagictgaagatittgla
gactattactgictacaatatgetagitcioegiacac
gttcggaggagggaccaagettgagatcaaacgt
acgactagttcegggeateatcaccatcatoat

55

P4-3 single
chain Fv

AA

- APFDYWGQGTTVTVESGGGESGHE
| GSGGGGSELVMTGSPSSLSASLGER

EVOLLESGGGLVQPGGSLKLSCAAS
GFDFSRYWMSWVRQAPGKGLEWIG .
EINPDSSTINYTPSLKDKFIISRDNAKN
TLYLOMSKVRSEDTALYYCARGAVY

VSLTCRASQDIGSSLNWLQQERDGTI
KALIYATSSLDSGVPKRFSGSRIGSD
YELTISSLESELFVDYYGLQYASSPYT
FGGGETKLEIKATTSSGHHHHHH
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NN

(140)

PCT/FPII03414

26/41

gaggtgoagelgctegagietggacgiggeetagty
cagectygaggatcoctgaaactctectgtgcages
tcaggaticgattitagiagatactggatgagtigggt
coggeaggetecagggaaagggctagaatggatt
ggagaaattaatccagatageagtacgataaacta
tacgccaicictaaaggataaaticatcatctecaga
garaacgecaasaatacgelglacetgcaaatga
gcaaagtgagatcigaggacacagecenitatiact
gtgcaagacgeagctacggtagtagelacgacigy
tacttcgaigictgengeeaagggaccacggicac
cgtolecicaggtgaiagtgotictageageggega
stocggtogtgatagticigagetceagatgaceca
gtoloeageciceotatetgeatctgtgggagaaact
gtoaccatoanatgtegageaagtgagaatatitac
agliatttageatggtatcageagaaacagggaaa
atetoetcagotoctggtelataatgeaaasacetta
geagaaggigigecatcaaggticagtagcagigg
atvaggcacacagtittcicigaagatcaacageet
geagoctgaagatttigggagtiatactgtcaacate
ettatggtaciccpotcacgiicggigcigggaceaa
gottgagatcaaacgtacgactagticeggooatea
tcaccatcatcat

WO 0171008
Fig. 16 cant.
56 P4-14 single
chain Fv
57 . P4-14 single
chain Fv

TaA

EVOLLESGGOLVOPGGSLKLSCAAS
GFDFSRYWISWYAAPGKGLEWIG
EINPDSETINYTPSLKDKFIISRDNAKN
TLYLQMSKVRSEDTALYYCARRSYG
SSYDWYFDVWGQETTVTYSSGGGEE
SBGEGSGEGGSELOMTQSPASLSA
SYGETVTITCRASENIYSYLAWYQOK
OBKSPOLLVYNAKTLAEGVPSRFSS
SGSGTOFELIKINELQPEDFGSYYCQH
HYGTPLTFGAGTKLEIKRTTSSGHHH
HHH
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NN

(141)

PCT/EPNI03414

27141

gaggtgeagotgctegageagteiggagetgagot
gatgaageetggggecicaglgaagatateeigea
aggctaciggetacacaticagiagetaciggatag
agtgagtaaagcagaggeciggacatggoctiga
gtagatiggagagatittaceiggaagtgatagtact
aactacaatgagaagttcaaggyeaaggecacaty
cactgeagatacateoiccaacacagectacalge
agclcagcagentganatetgaggactctgeogtet
aitactgtgcaagaggatiacgactiggtiigetiac
tggggeeaagggatcacqatcacegtcicctoagg
tgaiggtyaticiggeggeggegactecoptggiggt
gaticlgagelegigatgacacagicteeatectoeet
gaciglgacageaggrgagaaggtoactatgage
tgeaaglecagicagagteigitaaacagiggaaat
caaaagaactactigacclggiaceageagaaac
cagggeagestcctaaactgligatetactgggeat
ceactagggaatctgpggteectgategeticacag
geagiggatclggaacagatitcactcicaccatea
goagigtgcaggctagaagacctggeagtitatiacty
tragaatgatiatagitatcegetcacgticggtgcly
ggaccaagettgagatcaaacgtacgactagites
gageateatcaccateateat

W 01771005
Fig. 16 cont.
58 P4-15 single
chain Fv
52 P#.15 single
chain Fv

AA

EVQLLEQSGAELMKPGASVRKISCKAT
GYTFESYWIEWVKORPGHGLEWIGE)
LPGSGSTNYNEKFKGKATFTADTSSN
TAYMQLSSLTSEDSAVY YCARGLRR
WFAYWGRGTTVTVESGGEGGSGEE
G3GGEGSELYMTQSPSSLTVTAGEK
VTMSCKSSQSLLNSGNQRNYLTWYQ
QKPGQPPKLLIYWASTRESGYPDRFT
GSGSGETOFTI TISSYGAEDLAVYYCQ
NDYSYFLTFGAGTKLEIKARTTSSGHH
HHHH
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NN

(142)

PCT/EPNI03414

281

gaggtgcageigelcgaggagiclggaggaggcett
gatgeaacctggaggatccaigaaaciciectgigtt
gecictggattcaciticagtaactactggatgaacty
gatccgecagiciecagayaaggggeitgagtogy
tigclganaitagatigaaalctaataattatgeaaca
cattatgeggaglcigigaaaggaaggitcaceatot
caagagalgaticcaaaaglagtgiciacclgcaaa
igaacaactizagagrigaagacaciggcattiati
acigtaccaggelcooetacggetitgotatggacta
clgggpocaagggaccacngteacegicicstcag
giggiaotggticiggaggeggeggeteeggtoaty
grggtictgagetogtgotoasccagictonaaccas
catggctgeaicicecygggagaagatcactatca
cetgeagtgoeagetcaagiataagticcaattactt
geatiggiateageagaagocaggattctecoctaa
actcttgatttataggacalccastotggettctggagt
cocageicgceltcaglggcagtagstetgggacetet
tavicletcacaatiggoaceatggaggeigaagat
gitgecacttactactgecageagggtagtagtatac
cgsicacgitcggtgoigggaccaagettyagatca
adcglacgactagttccgggcatcatcaceatestc
at

WO O1TI005
Fig. 16 cont.
60 P5-2 single
chain Fv
&1 P5-2 slngle
chair Fv

AA

EVQULEESGGGLVQPGGSMKLECVA
SEFTFSNYWMNWVYRGSPEKGLEWY
AEIRLKSNNYATHYAESVYKGRFTISRD
DSKSSVYLOMNNLRAEDTGIYYCTRL
PYGFAMDYWGQGTTVTVSSGGGGES
GGGESGGAEGSELYLTQSPTTMAASP
GEKITITCSASSSISSNYLHWYQQKP

GFSPKLLIYRTSNLASGVPARFSGSG

SOTEYSLTIGTMEAEDVATYYCQQGS

SIPLTFGAGTKLEIKRTTSSGHHHHHH

JP 2004-500108 A 2004.1.8
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WO O1TI005

Fig. 16 cont.

62 | P5-3 single
| chain Fy

NN

(143)

PCT/EPNI03414

29141

gaggtgeagetgeicgaggagicaggacciggect
gatggegecstcacagagecigtooatoactigoas
tgtctetggottttcaitaaccagotatggigtacacty
gaticgecagectecaggaaagyatctgaagigge
1gggagiaatatgygeiggiggaageacaaattata
aticggetcicatgtocagactgagrateageasag |
acaaciccaagagecaagitticttaaaaaigaaca
gictgeaaactyatgacacagecalgiactacigty

ccagagatcggtaciacgtoggtoctatggactact
ggggecaagggaccacggtcacogtctooteaggt
gotggtggtictggeggeggoggeiccagiagtagt
ggtictgageicoagatgaceeagtciccageatas
ctgtecatggctataggagaaanagteacoatcag
algcataaccageactgalatigatgatgatatgaa

ctggtaccageagaageraggggaacctcctaag
ctectiatticagaaggeaatactcticgtectggagt

cecatcecgatictocageagtggotatggtacagat
titgtttitacaatigaaaacatyctetcagasgatott

geagattactactgitigeaaagtgataacttgeegta
- cacgttcggaggggggaccaagettgagatcaaa
cglacgactagiicegggeatcateaccatcatcat

63 P5-3 single
chain Fv

AA

| EVOLLEESGPGLYAPSQSLSITCTVS
GFSLTSYGVHWVRQPPGKGLEWLG
VIWAGGSTMNYNSALMSRLSISKDNSK
SQVFLEMNSLQTDDTAMYYCARDRY
YVGAMDYWGQGTTVTVSSEGEGESE
GEGSGEGERSELQMTQSPASLSMAIG
EKVTIRCITSTDIDDDMNWYQOKPGE
PPKLLISEGNTLARPGYPSRFSSSGYG

TDFVFTIENMLSEDVADYYCLOSDNL
PYTFGGGETKLEIKRTTS3GHBHHREH

JP 2004-500108 A 2004.1.8
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WO O1TI005

Fig. 16 cont.

64

PE-9 eingle
chain Fv

NN

(144)

PCT/EPNI03414

30/4t

gaggtgeagelgotogagiclggaggiggeetegty
cageotggaggalocetgaaactotecigigeagee
icaggattcgatiitaglagataciggatgagttggot
ceggeaggctccagauaaagygciagaatggatt
ggagaaattaatccagatageagtacgatasacta
lacgecatctclaaaggataaaticaicalctecage.
gacaacgecaadaaalacgelglaccigeaaatga
geaasgigagaiclgaggacacagecetiatiact
gtgcaagggaaactgggacgaagittgactactag
ggreaagggaceacggteacegletecteaggtyg
tggtggiictggeggeggeggetcegatagigataat
telgagetegtgaigaccoagacteeatoetcoatgt
atgcategetgguagagagagicactatcactigea
aggegagicaggacallaaaagetatitaagstggt
accageagaaaccalggaaatctoctaagaccct
galclattalgeaacaagetiggcagatggogtece
alcaagaticaglggeagtggatstgggeaagatta
liclclaaceatcagcagectggagietgacgatac
agcaacitaitacigtetacageatggtgagagece
gtacacghicggaggggggaccaagetigagatca
aacgtacgactagitcegggeatcatcaccateate
at

a5

PE-2 single
chain Fv

AA

EVQLLESGGGLVOPGGSLELSCAAS

GFDFSRYWMSWVROAPGKGLEWIG
EINPDSSTINYTPSLKDKFISRDNAKN
TLYLOMSKVRSEDTALYYCARETGTE
FDYWGRGTTVTVSSGGGGSGGGEGES
GOGGSELVMTOTPSSMYASLGERVT
ITCKASQDIKSYLSWYQOKPWKSPKT
LIYYATSLADGVPSRAFSGSGSGQDYS
LTISSLESDDTATYYCLAHGESPY TR

GGATKLEIKRTTSSEHHHHHH

JP 2004-500108 A 2004.1.8
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(145) JP 2004-500108 A 2004.1.8

WO 0171005 PCT/EPN /03414
Fig. 16 cont. 3
66 | P5-10single | NN gaggtgcagotgetegagoagiciggagetgagett
chain Fv gigaggecagggpeetagtcaagitgtecigeana

gaticlggetticaacatianagactactatatgeactg
ggtgaageagaggeetyaacagggectggagty
gattggatggattgaicetgagaatggtaatactatat
algacecgaagticcagggeaaggeeagtataac
agcagacacaicoiccaacacagecfaccigeag
cicageagcsigacatcigaggacacigeegecotat
factgtgcticoititattactacggtaatagetacaggt
acticgatgicigoggecaagggaccacggicacs
giclccteagglagtagtgatictggeggeagegget
ceggtggtogtggiteigagetegtgatgacocaga
ciccatecteettatetgeeteteigggayaaagagtc
agtcleaciigicgggeaagicaggacatiggtagta
gettaaactggclicageaggaaceagatggaact
attaaacgectgaiciacgesacatecagtitagatt
slggigicoocaaaaggticagigoeagtaggtelg
. ggtcagattaticieicaccatcageageetigagict
gaagatitigtagaciatiactgictacaatatgctagt
: etooglacacgiteggagaggggaceaagetiga
' ! gatcazacgtacgaciagitcogygeatcatcans

aicateat
67 P5-10 single | AA EVQLLEQSGAELVRPGALYKLSTKAS
chain Fv GFNIKDYYMHWVYKORPEQGLEWIG

WIDPENGNTIYDPKFQGKASITADTS
SNTAYLQLSSLTSEDTAAYYCASFYY
YGSSYRYFDVWGQGTTVTVSSGRG
GEGEEGSEGEGSELYMTQTPSSLS
ASLGERVSLTCRASGDIGSSLNWILQ
QEPDGTIKALIYATSSLDSGVPKRFS
GSRASGSDYSLTISSIESEDFYDYYCL
QAYASSPYTFGGGTKLEIKRTTSSGHH
HHHH
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NM

(146)

PCT/EPNI03414

32441

gagotgeagetgeicgaggagtelggaggaggott
gatgeaacctggaggatecatgaaactciostgtatt
gectotggattcactticagtaattectggatgaacty
agtcegocagiciceagagaaggggetigagigon
tiggtgaaattagattgaaatctaataatiatgraaca
cattatgegaagictgigaaagggaggtteaceatet
caagagalgaticcaaaagiagigictacclacaaa
tgaacaaciizagagtigaagacaciggealtialta
ctgtacgaaggtggactactggogocaagggace
acgyteacogicteclcagotggiggtagtictggeg
gsggoggoteoggtggtggtontictgagetegtgat
gacacagictocatocloootggotatgicagtagga
cagaagglcactatgagetgeaagiceagteagag
cetttizaataglageaalcaaaagaactactigace
fggtaccageagaaaccaggoorgeciottagas
tgttgatctacigggeatccactagggaatetggggt
coolgafegelicacaggeagtggaiotggaacay
! alticactclcaccatcageagigtgcaggetgaag
acviggoagittatiactgteagaatgattatagttate
cgofcacgitoggigelgggaccaagettgagatea |
aacgtacgactagttcogpgeaicateaceatcate |
al

WO OTI005
Fig. 16 cont.
| 88 |P5-11single
! chain Fy
]
|
B9 P5-11 singie
| chain Fy
|
i

AA

EVOLLEESGGGLYQPGGSMKLSCIA
SGFTFSNSWMNWYRASPEKGLEWY
GEfRLKSNNYATHYAESVKGRFTISR
DDSKSSVYLGMNNLRYEDTGIYYCTK
VDYWGQGTTYTVSSGGGEGSGEEES
GGGGSELYMTOQIPSSLAMSYGQRYT
MSCKSSQSLLNSSNQKNYLTWYQQK
PGOPPKLLIYWASTRESGVPDRFTGS
GEGTDFTLTISSVAAEDLAYYYCQAND
YSYPLTFGAGTKLEIKRTTSSGHHHH
HH

JP 2004-500108 A 2004.1.8



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

WO 01/71005

Flg. 16 cont.

70

P5-23 single
chain Fy

NN

(147)

PCT/EPOLN3414

33/41

gaggtgcagetgctcgagiciggagotggceigntg
cagectygaggalceotgaaacteicetgtgeagee
tcaggaticgatittagtagatactggaigagiggpt
coggraggotecagggaaagggetagaaiggait

tacgecatctctaaaggatagaticaicatcicoaga
gacaacgecaaaaatacgotgtacetycaaatga
geaaagtgaggictgaggacacagcectitasiact
gtgeaagatigoggeaatyggggtactitgactact
ggggccaagggaccacggteacegtctocicaggt
gatggtggticiggengeggoggoteegglggiggt
gattetpagetegtgatgacacagiciceatcoicset
gaclglgecageaggagagagggtcactalgage
tgeaagicecagicagagtetgitaaacagiggaaat
caaaagaactactigacciggtaccageagaaac
cagggcageclectagacigtigatetactgggcat
ceactagggaatetggggtcoctgategeticacag
geagtggatctggaacagatitcacteicaceatea
goagtgigeaggetgaagacetggeagittatiactg
teagaatgatiatagttatecicteacgticggtgetgg
gaccaageiigagatcasacgtacgactagitceg
gaeatcatcaccatcaicat

ggagaaattaatceagatageagtacgataaacta

Fal

P5-23 single
chain Fv

AA

EVOLLESGGGLYQPGGSLKLSCAAS
GFDFSRYWMSWYROAPGKGLEWIG
EINPDSSTINY TPSLKDRFIUSRONAKN
TLYLOMSKVRSEDTALYYCARLGOW
GYFDYWGQGTTVTVSSGGEGGSGEG
GSGGGESELYMTQSPSSLTVTAGER
VTMSCKGEQSLLNSGNQKNYLTWYQ
QKPGQPPKLLIYWASTRESGVPDRFT
GEGSGTDFTLTISSVQAEDLAVYYCQ
NDYSYPLTFGAGTKLEIKRTTSSGHH
HHHH
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WO 0171005
Fig. 16 cont.

72 3B10xF4-3
bispecific
single chain
Fv

NN

(148)

PCT/EPNI03414

34741

gatatigtgatgacgcaggctgcatictccaatecag
tcactctiggaacatcageitccatctectycaggtet
agiaegagicicctacatagtaatggeatcacttatit
gtatiggtatctgcagaagocaggecagicicctca
gctecigattiatoagatgtocaanctigocicagga
gleccagacaggtteagtageagtgggteaggaac
tgatitcacactyagaatcageagagtggaggety
aggatgigggigtitattacigtgcicaaaatctagaa
cttecteggacgticggtggaggeaccaagetgga
aatcaaaggtggtggtogttctggeggeggegaete
cggtgotggtggtictcaggtgoaantgrageagie
agggcectgageigaagaagoeriggagagacagic
aagatctectgoaaggetictyggtataccticacaa
actatggaatgaactgggtgaageaggelceagy
asagogtiicaagiggatgggetogataaacacct
acactygagagecaacatatggigatgacticaag
ggacggitigesticicitiggaaaccictgecagrac
gectatiigcagaicaataaccicanaaatgagoa
cacgqotacatatitetgigeaagattcaccteecety

actaclggugocaagggaccacggicacegtetee |

tecggagptgatogalsegaggigeageigetega
gtetggagatgygcctgatgeageetggaggatecel
gaaactcteetgtgcagectetggaticgaititagta
gatactggatgagtiggalceggeaggetcraggg
aaagggctagaatggatigganaaatiaaiccaga
tagcagltacgataaactatacgecalctetaaagga
laaaticalcalsloragagacaacgecaasaaia
cgeigtaceigeaaatgageaaagtgagaltetgag
gacacaguectitaltactgigeaagaggogeggta
gtagcicoetitgactaciggggecaagggaccac
gotcaccytetectoaggigotggtyattetgacaae
ggegactecagtystagtgotictgagetegicatga
ceeagiciccatectecttatetgenictelgggagaa
agagteagtctecactigtegggeaagtcaggacait
ggtagtagettaaactygeticageaggaaccagat
ggaaclattagacgccigatetacgecacateeagt
ttagattclygigtecccaaaaggticagtggeagta
ogietgggicagattatictcteaccatcageagecti
gagtctgaagatiiigtagactatiacigtctacaatat
getaglicieegtacacgiteggaggggagaccaa
geligagatcaaacgtacgactagttecgggeatea
teaccatcaicat
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(149)

WO 01771005 PCITEPILANI414
Fig. 16 cont. 35/41
73 | 3B10xP4-3 | AA DIVMTQOAAFSNPVTLGTSASISCASS
bispecHic KSLLHSNGITYLYWYLQKPGEOSPQLL
single chain IYQMSNLASGVYPDRFSSSGSGTDFTL
Fv RISRVEAEDVGVYYCAQNLELPRTFG

GETKLEIKGGGGSGEGESEEEESR
VOLOQSGPELKKPGETVKISCKASGY
TFTNY GMNWVKQAP GKGFKWMGWI
NTYTGEPTYGDDFKGRFAFSLETSAS
TAYLQINNLKNEDTATYFCARFTSPD
YWGQGTTVTVSSGGGGSEVQALLES
GGGLYOPGGSLKLSCAASGFDFSRY
WMEWVRQAPGKGLEWIGEINPDSST
INYTPSLEDKFISROMAKNTLYLOMS
KVREEDTALYYCARGAVVAPEDYWG
AGTTVTYS35GGEGESGGEESGRGEES
ELVMTOSPSELEASLGERVELTCRAS
QDIGSSLNWLQAEPDGTIKRLIYATSS
LOSGYPKRFSGSRSGSDYSLTISSLE
SEDFVDYYCLOYASSPYTFGGGETKL
EIKRTTSSGHHHHHH
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WO 0171005
Fig. 16 cont.
74 3B10xP4-14 | NN
bispacific
single ¢hain
Fv

(150)

PCT/EPNI03414

36/41

gaiatigigatgacgcagactgcaticiceaatecag
tcactcltggaacatcageticcatoteoigeaggiet

| agtaagagtcteetacatagtaatggeateactiatit

gtattggiatctgeagaagecaggecagtetectea
getectpattatcagatgtceaaceiigestcagoa
gloccagacaggitcaglageagignoicaggaac
tgatticacacigagaalcagcagagignaggelyg

. aggatgtyggigitiatiactgigeicazaatciagaa

cliceteggacgticggtggaggcaccaagcetgaa
aatcasagglgglogtggticiggoggcggceggete
caglagtyglggtictoaggigeaacigeageagtc
agggoctgagetgaagasgeetggagagacagic
aagatctectgeaaggetictgggiataccticacaa
actalggaatgaactgggigaagoaggetecagy
aaaggotitcaagiggatgggetggataaacacet
acaciggagagecaacatalggtgatgacticaag
gyacggtitgectictctitggaaacetelgecageoas
tgeciatigoagzicaacaaccicaaaaatgagga
cacygolacatatitcinigoaagaticacciceectg
actactggggecaagggaccacggtcaccytetce
tecagaggtggtgoatcegaggtgeagetgetega

| gictngagotiggecigotgeagoctygaggateoct
: gaaacteleciglgcagentcaggaitegatittagta |

gataciggatgagtoggtenggeaggetccaggy
aaggngclagaaiggatiggagaaattaatccaga
tageagtacgataaactatacgeoatetctaaagga
faaalfcalcalclecagagacaacyccaaaaata

cgotgtacotgoaaatgageaaagtgagatcigag
gacacagecctttattactgtgeaagacgeagetac
galaglagetacgactagtacticoatatciyagace
sagggaccacggicaccgteteotcagatggtgnt

ggtteiggoggeggeggetceggiggtggigaticty
agelecagatgaceoaglciceagecicectatotg

catetgigggagaaacigicaccatcacatgtcgag
caagtgagaatatttacagtiatitagcatggtaicag
cagaaacaggyaaaalcicctoagriectggtctat
aatgcaaaaacciiagragaaggigtyceatcaag
gticagiagcagtggateaggcacacagtitictoty

aagalcaacagcctgcageetgaagsattitgggagt
tattactgtcaacatcaitatggtacicegetcacgtic
gotgotgggaccaagetigagatcagacqtacgac
tagttcegogeatcaleac catcateat
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WO O1TIN0R PCTEPNI 03414
Fig. 16 cont. TN
75 | 23B10xP4-14 | AA DIVMTQAAFSNPYTLGTSASISCRSS
bispesific KSLLHSNGITYLYWYLQKPGOSPGLL
single chain IYOMSNLASGYPDRFSSSGSGTDFTL
Fy RISAVEAEDVGVYYCAQNLELPRTFG

GGTHLEIKGGGGSGGEGSGEGGESG
VALOQSGPELKKPGETVKISCKASGY
TFTNY GMNWVYKQAPGKGFKWMEW!L
NTYTGEPTYGODFKGRFAFSLETSAS
TAYLGINNLKNEDTATYFCARFTSPD
YWGQGTTVTIVSSGGGGSEVOLLES !
GGRLVQPGGSLKILSCAASGFDFSRY
WMBWVRQAPGKGLEWIGEINPDSET
INYTPSLKDKFIISRONAKNTLYLOMS
KVRSELTALYYCARRSYGSSYDWYF
DVWGLGTTVTVSSGGGESGEGGES
GGGEGSELAMTOSPASLSASVGETYT
| ITCRASENIYSYLAWYQQKQGKSPQL
" LVYNAKFLAEGVPSRFSSSGSGTQFS
' LKINSLAPEDFGSYYCQHHYGTPLTF
| GAGTKLEIKRTTSSGHHHHHH
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WO 0171005
Fiy. 16 cont.

76 3B10xP5-2
Lispecific
singte chain
Fv

NN

(152)

PCT/EPNI03414

as/in

gatattgtgalgacgcaggetgealtctooaatoeag
1cacicliggaacatcagcttccatotooigoagglot
agtaagagicicclacatagtaatggeaicacitatit
glatiggtatcigcagaagecaggcecagtetectea
goicctgatitstcagatglocaacotigectcagga
gicecagacaggticagtageantggglcaggaac
galticacacigagaalcageagagiggagyeig
aggatgtggalgtitatiacigigotcaaaatctagaa
clicclcggacgticgatggaggcaccaagetgga
aatcaargglgotygtgpttciggeggeggeggetc
cgglggtggtggiicteagglgenactgeageagtc
agygecigageigaagaagerigoagagacagtc
aagatcteetgeaaggeticlgggtatascticacaa
aclatggaatgaaciggglgaageaggeiccagg
aaaggdiitcaagiggatyggetagatasacaset
acactygagagecaacalatggtgatgacticaag
ggacggtitgesitciettigoaaacetctgecageae
tgeetatiigcagalcaacaacetcaaaaatgagga
casggctacatattictgigeaagattcacciceeety
aciaciggggooaagggaccacggicaccgtetee
ecgoagptggiggalcegagotgeagetgetoga
Qgagictgoaggaggeitggtgcaaceiggaggat
ceatganacicteetglgitgecteiggaticactitea
gtaactagtggalgaasignatcegecagiciccag
agaaggggciigagtggatigotgaaatiagattga
aalclaataattatgcaacacattatgeggagtetgt
gaaagggaggticaccatetcaagagatgaticea
adagiagtgtctaccigeanaatgaacaacttaaga
getgaagacactggeatitatiactgtaccaggetce
cotacggeitigotatggactactggagccaanaga
coacggteacegistcctcaggtagiantgatictag
cggeggeggotceggigglgatagictgagotogt
yctcacceagiciccaaccaccalggeigeateice
cgugyagaagalcactatvaceigeagtgocaget
caaglataagticcaattacttgcatiggtatcageag
aagecaggattctecoctaaactotigatttatagga
catccaatciggcticlygagteccagelegeticagt
ggcagtgogtetgggacctettactetctcacaatly
geaccatggaggctgaagatgttgecactiactact

geeagoagggtagtagtatacegeteacgtteggty |
ctgggaccaagetigagateaaacgtacgactagtt
ccgggeatcatcac catcateat
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WO O1/TI005 PCT/EPR /03414
Fig. 16 cont. 39/41
77 | 3B10xP5-2 | AA DIVMTQAAFSNPYTLGTSASISCRSS
bispecific KSLLHSNGITYLYWYLQKPGQSPOLL
singte chain IYQMSNLASGVPDRFSSSGSGTDFTL

Fv

RISAVEAEDVGVYYCAQNLELPRTFG
OGTKLEIKEGGEGSGEEGEGGGEES0
VQLOOSGPELKKPGETVKISCKASGY
TETNY GMNWYKQAPGKGFKWMGWI
NTYTGEPTYGDDFKGRFAFSLETSAS
TAYLOINNLKNEDTATYFCARFTSPD
YWGQGTTVTVSSGGGGSEVQLLEES
GGGLVOPGGSMKLSCVYASGFTFSNY
WIMNWYRQSPEKGLEWVAEIRLKSN
NYATHYAESVKGRFTISROCDSKSSYY
LOMNNLRAEDTGI YCTRLPYGFAM
DYWGOGTTVTVSSGGGGEEGERES
GGGGESELVL TQSPTTMAASPGEKITI
TCSASSSISENY LHWY QOQKPGFSFRL
LIYRTSNLASGYPARFSGSGSGTSYS
LTIGTMEACDVATY Y CQQGSSIPLTF

GAGTRLEIKBTTSSGHHH HHH
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WO 01/71005

Fig. 16 cont.

78

3810xP5-23
bispecsific
single chain
Fy

NN

(154)

PCT/EPOLN3414

40/41

gatattgtgatgacgeaggctgeaticiccaatecag
feacictiggaacatcageticcatetectgeaggtet
agtaagagictectacatagtaatggeatcacttatit
glattggtatctgeagaagecaggecagictecica
geteclgatttaicagatgtceaacciigectcagga
gteceagacaggtcagtageagtgggtcaggaac
aticacacigagaatcaqeagagtpgaggoty
aguattgygigiiatiactgigetcazaatctagaa
cliceleggacglicggiggaggeaceaagetgga
aalcaaaggtggiggiggitciggeggeggeggoete
cagtgotggtggticteaggigeaacigeageagic
agugectgagetgaagaagociggagagacagte
aagatctectgcaaggeiteigggiataccticacaa
actatggaatgaactagatgaageaggetocagg
aaagggtiicaaglggatgggetggataaacacet
acactggagagccaasatatggtgatgacttcaag
ggacggttigecttctetiiggaasceictgecageac
tgcetatitgcagatcaacaacotGaagaatgagga
cacggctacatatticigtgcaagaticacetoccety
actactggggecaagggaccacggicacogicicn
teeggaggtagtogatcegagatycagotgcteoga
gictggaggiggeciggtgcageciggaggatceet
gaaacictectgigcagecicagnaticgattitagta
gatactggatgaptigggtecggcaggctecagoy
aaaguoctagaatggattggagaaattaatccaga
tageagtacgataaactatacgeoatctctasaggs
tagaticaticalclecagagacaasgecaaaaata
ogetgiaceigeaaatgageaaagtgaggtotgag
gacacagocctitattactgigeaagatiggggoaat
gogagiactitgactactggggocaagggaccacy
gicaccgictectcaggigatgatagiteiggeggey
i geggctecygiggtogtaotisigageiocglgatgac
acagtctecatectecctgacigtgacageaggaga
gagggtcactatgagetgcaagtccagtcagagtet
gitaaacagiggaaatcaaaagaaciacttigacet
gataccagragaaaccagggrageetcctaaaci
gitgatelactgogeatecactagggaatetggggic
ceigategettcacaggeagtggatotggaacagat
Hteactcicaceatcageagigtycaggetgaagac

' fcacgiicgyigetyggaccaageottgagatcaaac
| glacgactagitccgggeatcatcaceaicatcat

clggeaglttaitactgleagaatgatiatagiiatecte
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(155)

WO 01771005 PCITEPILANI414
Fig. 16 cont. 41/41
79 | 3B10xP5-23 [ DIVMTOAAFSNPVTLGTSASISCRSS*I
| bispecific KSLLHSNGITYLYWYLQKPGQSPOLL.
| singte chain IWOMSHLASGYPDRFSSSGSGTDFTL
! Fy RISRVYEAEDVGVYYCAQNLELPRTFG ’
| ' GGTKLEIKGGGGSGGEESGGEEST
l VOLAQASGPELKKPGETVKISCKASGY ‘
TETNY GMNWYRGAPGRGFMWMGW)
NTYTEGEPTYGDDFKGRFAFSLETSAS
TAYLQINNLKNEDTATYFCARFTSPD
YWGOGTTVTVSSGGGESEVQLLES |
GGGLVQPGGSLKLSCAASGFDFSRY
WMSWVRQAPGKGLEWIGEINPDSST
INYTPSLKDRFIISRDNAKNTLYLOMS |
KVRSEDTALYYCARLGQWGYFOYW |
’ GOGTTVTYSSGGGGSGEGESEGE |
GSELYMTGSPSSLTVTAGERVTMSC \
| KSSQSLLNSGNOKNYLTWYQGKPG |
| QPPKLLIYWASTRESGVYFPDRFTGSGS |
I GTDFTLTISSVOAEDLAVYYCONDYS i
YPLTFGAGTKLEKRTTSSGHHHHHE
80 NKG20 atcaagcettgtggatatgttacaasaaiaact
ghort-f
23] NKG2D-f alcaagcttgaaccaagaagitcaaaite
82 1 NKG2D- sgogatggoggeegattacacagtcotiigeatn
. |stopr
83 | 5'VLBBRRV agg fgt aca ctc cga tat cca get gac cca
I gictcc a
84 IVLGS15 $ga HOC GoC GOt goC Aga ace Act ace
- ace it gat otc gag ctt gat ccc
85 | &'VHGS1s ggc gge goc ggc oo gyt ggt agt got tot
cag gtige) (ac)a(ag) cig cag (gc)ag
tefat) g
B6 3'VHBspEI aat cog gag gag acg qatg aco ghy gic oot i
. 98 ctC cag
87 NKG2D- aggtgtacactcettaicaaccaagaagiicasati
__ _ \forward ©
B8 | NKG2D- teatceggacacagicettigeatgcagaig
reverse

JP 2004-500108 A 2004.1.8



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

(156)

PCT/EPNI03414

i MERTIFICATION QF 1HE MICRCGORGANISH

Tdentification reference given by the DEPOSITOR: Accession pumber given by the
[NTERMATIONAL DEPUSITARY AUTHORITY:
i1 B2/C70

0E3M RCCZ496

11, SCIENTIFIC DISCRIPTION AND/GR PROPOSED TAXONOMIC DESIGNRATION

The melerocrganism: idenfified under [ shove was arcompanict by:

) ascientifie deseription
1 ] apmopased iwonomic designwion

(Mnrk will 2 cross wheee applicobls).

ML KECEIPT AND AUCIPTANCT

This Intemalinns) Depositary Antbosity secepls bre microrganism identifisd under I thove, widch was recoived by o, 2001 -03-23
{mte of the adginal deposit)'.

T¥. RECEIPT OF REQUEST FOR CONYFRSION

The nijeraprganism icontified under | aboue sas reccived By this latzenational Diepasitary Autharity on  {dale of origiral deposit)
and & rzquest 1o convest e ariginal depotic 10 3 depesi undec the Puwdapasi Treayy was reseived by iton  (date of reoeipt of teguest
for camwerston).

V. LITERNATIONAL DEPOSITARY AUTHORTTY

Naer DEMZ-GEUTSCHE SAMMLING VOR Signatures) of personts) having dhe prwer o represent the

MIKROORGANISMEN UND ZELLKULTUREN Gmbit International Deprsitary Authority or of suthorizad oflcial(z):

Address: Maseheroder Weg 15 V i -
133 124 Sramachwalz ; (3

Dae: 2001-06-22

" where Rufe §.4 (1) applles, such dale ts the date on which B siatus of imteruzlional depositery sulbarily was weguined

Form DSMZ-BPA (sols pape) DISG

JP 2004-500108 A 2004.1.8
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PCT/EPOLN3414

1. DEPOSITOR

II. DENTIEICATION OF THE MICROORGATSM

Mome:  Mioromet AG

Am Klopferspitz 18
Addidgess:

82152 Martinscied

Avoessinn number given by
THTERMATIONAL DEPRSITARY AUTHORI
DSM ACC2458

ieke o the deposit er the bansfes's
2001-03-23

L. VIABILITY STATEMENT

On thet date, the said micreorgenism wo

THY vinble

{ 1" oo lotper ¥isble

Tie vialiliy I v moroungaism Weatiticd wder 5 alove was tesced o 2001-85-14 2,

LV, COMDITIONS UNMDER WEICIE TIE VIALITY TEST [iAS DECH PEAFORMED!

V. INTCENATIONAL DITOSITARY AUTHORITY

Mame: DSMZ-'DEUTSCI‘{E SAMMLUNG VO
MIERDORGANISMEN THD ZELLEULTUREN Gmibll

Address:  Maschereder Weg 1
032124 Braimschweig

Skgnatore(s) of emants) biaving Wi pavwer to repregent te
Inernatianal Depasiary Autherlly or of satfrocized nTicial(z);

7% A

Dap: 2001-05-12

Indicoin the date of original dzpesit ur, where o rew deposit ot & transfer has been made, the mast recent relevant dats (date of e new depasit or

Guks af the trapsfer),

1n the cases refetred 10 3 Rule 10.20) £i) and (i), refer to the maost recont viabillly s

> Mesi with & cross the applicabls box,
‘

Fill in if the information hes Yeen requeated and if e reanilz of the test were nogative.

Farm DEVZ-BED (sule pags] 0198
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(158)

PCT/EPOLN3414

L IWEHTINCATION OF TIIE MICROORGANIEM

Tdentificavian refesence given by the DEPOSITOR: Aecession namber given hy Eic
TNTPRNATTIKINAL DEPOSITARY AUTIORITY:
8G7/C 10

DEM nOC2497

I STENTIFIC DESCRIPTION ATDNOR FROPOSED TAXONOIAC DESKRHATION

Uhe: snierootganiscn ientificd wier L above wis sccampaticd By

(X)) nsoheific desceiplion
{ ) aprapatat exxonomic derignation

(Matk wiMh 2 orosz whers applicable).

M. FRCEIPT AD ADCEFTARCE

This bitermutionel Prposkary Autharity sceepls the mieroorgunisi dentified cnser 1. shove, which was reesved by ton 2001.-03-23

(e of the ovigingl degosity.

¥, RECIAPT OF REQUEST FOR COUVERSION

The microozgeaism idenlificd vader [ abave wys reozived By this Intewnational Leporiiary Authority en  (dole of orlginal feposit)
and ¢ request to enavert the original deposit to o depusit under the Budapast Tteaty W roceivad by it on  (date off recefpt of request
dor voaversion}.

V. INTERNATIEINAL DEFOSTTARY AUTHORITY

Tame: DSMZ-DEUTSCHE SAMLLLUNG VO Signature(s} of personls) having the povier w represent the
TR ROORGAMISKAEN BND 26 LEULTUREN Gl Intemetinset Depusitary Autharily or of ulliasized officialts):

Addems Mischerader Weg 1h / 61// o
D-35124 Graunschwcig / &

Dae: 2001-06-12

' Whese Itule 6.4 (4} oppliee, such date i the date on which the slxivz of mtamational deposdany suthornity wes avquired,

Farti DEVZ-BRM (sste pge) C196
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(159)

PCT/EPOLN3414

1 DEROSITOR ’ 1L IDENTIFICATION OF THE MICROORGAVISA
Neme:  Micromet AGQ Accemion curder given by th

Am Klopferspitz 19 TRTRRNATIONAL DEPOSTIARY AUTHORITY:
Addnsy: DEM ROCZ40T

52152 Martinsried .
Dite of Gie dzposit or lhe sl
2001-03-23

1L VIAERTLTTY STATEMENT

e viebillty of the microorganiem ideatisted tnder I 2sove was tested on 2001-05-14 *.
On that dats, the saif iiervorganism was

(X' winble

[ 1" noloager viahke

V. CORDITIONS UNDER WHICK THE VIABLLITY TEST HAS HEEN PERFURMEL’

V. INTERNATIONAL DEMOSITARY AUTHORITY

Mo ISME-DEUTSCHE SAMMLONG VO Shgnarare(s) of person(sh havikg the powey to reprisont the
MIKROORGANISMEN LN ZELUKULTURRN GrabIt Intgensiiconl Deposisany Atlhiority of of aathorized alficialfs).

Addross. Mashoroder Wog 1b [// ‘-/'V/ -
D-34L24 Braunscweig . e & 2

Daw: 2002 -0B~12

' [ndicats the dle of oighual deposit or, witste & Acw dopasis of 2 Sansfer bas besa sade. the most recent reizvent datc {dute ol the new doposis oF

dat of the, frnsfer)

P Inihe emes refarred 6o i Rul $0:3(a) (1) and (i), refer to the rosd reccel viahiliy et
P ek with b ceoss the applivable box

© il m il Infarraaton 108 been requaried 208 F (e 7esnlts oF the 1458 were negAtive

Fotm DRAZEES (sola page) 119G
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(160)

PCT/EPOLN3414

L IDERTTEICATION OF THE MICROORGANISM.

Tdentffcation reforcnse ghven by the DEPOSITOL: Accesyion numbee given by the
PYIERNATIONAL DEMOSITARY AUTHORITY:
6Z5/A7

DEM RCC2492

IL SCIENITRIC NRSCRIPTION AND/OR PROPISED TAXONOWMIC DESIGNAILON

The micrearganicn identited under [ abrve was accomparded byt

(0} =ackentific dessdption
( 3 = popeal xohane designrion

{Mark itk & o where applicable).

4. RECEIFT AND ACUEFTANCE

TUs Tabernagional Depaitary Authgrily Wuepts e aicroorganism idoutified weder 1, shovs, whith was reocived by iton 2001~03-23
(Date of the original depasiny.

I¥. RECELT OF REJUEST FOIL CONVERRION

e microorganism Weatifted oader | above was reocived by s Totemationa! Deasivory Awlharity oa  {defe of original daposit)
wnd & request o convert the atigina depasi (o u doposil under the Budapest Treaty o recetved by oo (dote of recsipt of request
Vo conversion).

V. INTFRMATICMAL DEPDAITARY ANTHORITY

Name: DSMZDEUTSCHE SAMM: UNG VOH SiEMAlTE(s) i peson(s) having Uic power 1 regresen, the
MIKROORGANISMER UND ZELLKULTUREK GmbH Intemational Depositary Autharity or of authorized affictal(s)k

Addroes: Maschorodor Wag 16 oo é/} -
DE124 Bruumsohwieig - e

Date: 2001-06-12

| Where Ruls 6.4 {d} applies, xoeh date is the dake on vAiich the statns of Sotermational deposkary mushoniy was Reqrinad.

ot DSME-BEM (ke page] 0196
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PCT/EPOLN3414

1. DEPOSEIOR

1L IBENTIFICATION OF THE MICROGRGAMIS M

e Micremot AG

Am Xlopiferspitz L9
Adilres:

82152 Martinsried

Aczeszion rumber given by the.
RITFRNATIONAL DEFOSTIARY AUTHORITY:
DSM ACC2498

Tt of the deposil o dhe transka’s
2001-03-23

ML VIARD ITY STATEMENT

The: viabikity of the nieroorganiser identified wrdes 1T above was tested o 2001 -05-14

0 that daie, e sald nlemorgation wrs

(X7 widble

1" a0 fonger viawlc

TV, COWIATKIRS URDAR WHICH THE VIABILITY TEST FAS BEEN [ERFORMVED'

Y. INTERNATIONAL DEPOSITARY ALUTHORITY

Kame: DSMZ-DEUTSCHE SAMBMLUNG YON
ATKROURCANISMEN UND ZELLKULTUREN GmbF

Address: Mascheroder Weg ih
D-35124 Drownschweiy

Shmeture(s} of porsoniz) fiaving Uk powsr to represen the
Intetnalionat Depositary Authorily oc of authorized offictal(sh:

& Cede i

Dok: 2007 -06-12

daps of the transfir],

! Mosk vitth & craaa the applicablc box.

Finin DSMZRPA (xole page) 019

Indicole the date of original depasi or, Wher: u now tieosit br @ ransfer fins bacn made, the most teeent relevat date (date of thy pewr Soposit o7
(n the coses efecred to in Rafe 1026} (2} and 5], refer tn the mont esent vizkifity test

Fill i ir the mformetion kes bazn requested sad if iho results of the test were negative.
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PCT/EPNI03414

INDICATIONS RELATING TO DEFOSITED MICRGORGANISM
OR OTHER BICLOGECAL MATERIAL

{PCT Rute 135is)

A, The indivations umfghelow relate to the depesited microerganism gﬁa&mzbéologiu\l materis) wlemed lo o the deseription

on pago  line

2. IDENTIFICATION OF DERQSIT Purther deposits are identificd on an additional shect [

Weme of depositary instifution

DSMZ-Oeutsche Sammlung von Microorganismen und Zellkulturen GmbH
Addrest of depesitary instittion jincluding postal cods and couniry)

Mascheroder Weg 1b
38124 BRALUNSCHWEIG
DE

Ascesicn Number

DS ACC2488

Date of deposit

23-03-2001 (23 March 2001)

C. ATIDITIONAL INDICATIONS (feave hlunk if not apphicable) This informalion is eontinucd on au additional shect ||

Applicants make use of Rule 28(4) EPC.

D. DESIGNATED STATES FOR WHICH INIMCATIONS ARE MABDE (I the isdicaiions are nol for al! destgnated States)

EP

E. SEPARATE FURNISHING OF INIMCATIONS (feave blank if no! applicakis)

The indjcationa listed below will be submited to the Tntemationsl Buresn Jalce {fprcifi the gereral naitey of the indications e, "Aeceidon
Mumber of Depasic’)

Tor i Burcay nge only  ee—

1 Far reueiving Offies e only
Thig shest was received with {he intemational application This shect ayer i he Int ional B :
O o | N sy g e

Autherized officer Aathorized officor <|

o

Foom POT/RQ/A34 (Juiy19b8)

JP

2004-500108 A 2004.1.8
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(163)

PCT/EPNI03414

INDICATIONS BELATING TO DEPOSITED MICROORGANISM
OR OTHER BIOLOGICAL MATERIAL

(FCT Rule 136is}

A. The indications m.:ilgbnluw rclale to e deposited mictoorganism Zzlizdé;lngrul mistesial roforeed fo in the description
on puge . lins

1. IDENTIFICATION OF DEPOSIT Fugther depoits are identified 00 an additional sheet E]

Naen: of depoibiry ipstitution

DSMZ-Deutsche Sammlung van Microorganismen und Zellkulturen GmbH

Addross of depositary institation Gnchiding postaf code and coustry

Mascheroder Weg 1b
38124 BRAUMNSCHWEIG
oE

Date of depoait Accession Nomber

23.03.2004 (23 March 20014 QS ACC 2407

C. ADDITIONAL INDICATIONS (feave ik if wat applicable] “This information {s continued on an additionsl sheet I:I

Applicanis make use of Rule 28(4) EPC.

D. DESIGNATED STATES FOR WENCH INIMCATIONS ARL MADE (if the indications are wot for all designated Stales)

EP

E. SEPARATE FURNISHING OF INDACATIONS (Teqve blank if no applicafiic)

The indications listed belaw will be submitted to the International Burcat later (specify #ie goreral tichioe of the ndications a.g., "ecsssian
Miander of Deponit'’y

Tar seociving Offine e oly

[T e shent s rmceivedt with the intecmtions! application | | fL} s shoet was recelved by the Tntermatioms| Burcau on

a7 HE 200

Fac Tt fional Furcall 1se only — m——

Authorizal officor Authorived officer

Furrg PLIROAE (Joly1598)

JP

2004-500108 A 2004.1.8
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(164) JP

PCT/EPNI03414

INDICATIONS RELATING TO DEPOSITED MICROORGANISM
OF.OTHER BIOLOGICAL MATERTAL

(PCT Rule 135is)

A. The indications nw{l@bclu\\ relats b the deposited microoraanism gj’_ﬁihm‘ﬁlﬂﬁ'tﬂ malerial referred fo in the description
an paga ,line N

E. INENTIFICATION OF DRPOSIT Further deposits are. identified on an sdditional sheet E

Name of depasifary institubian

DSMZ-Deutsche Sammiung von Microerganismen und Zellkulturen GmbH
Addregs of depasitary tnslitution (inefuding postal code and conptry)

Mascheroder Weg 1b
38124 BRAUNSCHWEIG
BE

Duate of deposit Acvession Nunber

—BEM-0EE2406

{leava Blank if not uppiicable) Thia information is continued ou an wdditioned shest |

C. ADDETIONAL TNDICATEO]

Applicanis make use of Rule 28(4) EPC.

D. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE (if fhe indivadons ure not for ail desigrated States)

EP

B. SEFARATE FURNISHING OF INDICATIONS (feavw dionk i ho! appifeabla)

The indjoations [isted below will be submitted to the International Bureau Jaler (Specific the general natre of lie iekcalions e, “Aecexson
Nnber of Depastt’)

I For receiving Office use only Far Intermations] Bureau use only
I:I This sheet wag received with the internetional applicotion i;_shcet Wil reoeived by the International Bursau on:
= ?
27 Sn pls
Aathorized officer Autherized officer
Form PUT/RO/34 (July1098) o s

2004-500108 A 2004.1.8
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(E9) Warld Intellectual Property Orpanization
[nterpational Huresu
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S. BAUER ET AL.: “Activation of NK ceils
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