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ANTIEODIES AGAINST PLASMA CELLS

The present invention relates to a method for producing an antibady against plasma
cells, 1o an antibody, 1o genes which encode such antibogies, to anfigens which are
labeled by such an antibody, to additional antibodies directed against said anligans
and to methods for producing said antibodies and to uses of such anfibodies, In
addition, the present invenfion relates to single-chain multifunctiona! polypeptides
camprising {a) a first domain cemprising a binding site of the antibedies defined
herein and (b} a sacond domain comprising a binding site of an immunbglobulin
chain or an anlibody specifically recognizing the CD3 antiger. Such antibodies
and/or single chain multifunctional polypeptides are reguired, in particuiar, in the
field of biological and medical diagnostics and in the therapy of autcimmune
diseases or tumors such as plasmogytomas or lymphomas. The invention also
provides for nucleic acid moleculss/polynuclectides encoding for said antibodies
and/ar single chain multifunctional polypeptides, as well as for vectors and host cells
comprising said nucleic acid moleculss/polynucleotides. Finally, the present
invention provides for compositions comprising the compaunds ef the present
invention. Preferably said compositions are pharmaceutical andfor diagnostic
compositions.

In animal orgarisms and in humans, too, the immune sysiem responds to stimuli
(antigens} in two different ways. On the one hand, it produces a bumoral immune
response, wherein antibodies are produced by plasma cells (differentiated B-
lymphocytes) which are directed against the anligen recognized as & foreign
substance. On the other hand, it may produce a cellular immune response via T-
lymphocytes, which in tum stimylate B-cells.

SUBSTITUTE SHEET (RULE 26)
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The antibodies which are produced by the humoral immune response are directed
against an antigenic determinant, that is to say a specific region (epitope} on the
antigen and hind theretc. These antibedies are globular proteins (immunoglobulins
Ig, for instance IgM or 196G} consisting of two identical chains each, a heavy chain
{H-chain) and a light chain (L-chain), with each one of the L-chain being connected
o one H-chain via disulfide bridges and each such pair forming a specific binding
site for the antigenic determinant.

Antibodies against any antigens are produced in a conventional manner such that
an animal organism is inoculated with the antigen and its humoral immune response
subseguenily forms antibodies against the inoculated antigen. Thess antibodies can
subseguently be isclated. Moreaver, it is nowadays possible to produce so-called
manoclonal antibodies. For this purpose, a praliferating myeloma cell is fused with 3
B-cell from an immunized animal organism. which produces the corresponding
antibody, as the B-cell. As a result, hybridoma cells are formed, which proliferate
just as the mysloma ceils, on the one hand, and form the antibody just as the
plasma cell, on the other hand. These hybridoma cells are cultured and obtained
from the culture of the monoclonal antibodies produced. Regarding these generally
known and Trequently used methods, attention is drawn, for instance, to Greiner A.
et al. Laboratery invesiligation (1994), vol. 70, pages 572-578, and the other socurce
indications contained therein.

Thus, the monecional antibody fechnique allows identical antibodies to be produced
in great numbers.

During the differentiation of B-cells into antibody-preducing plasma cells  various
disorders may oceur resulting in serious diseases in humans and animals. On the B-
cell level, endcgenic cells may be wrongly detected by antibodies, thereby
preducing, for instance, autcimmune diseases, wherein large numbers of antibodies
against endogenic cells are produced and secreted by corresponding plasma cells.
On the other hand, it is possible that B-cells start to divide in an uncontrolled

manner, thersby forming tumors {lymphomas). Mcreover, such an unlimited
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prafiferation is also known on the plasma cell level (syndromes: plasmocytoma,
multiple myeloma).

Mulliple myeloma is & plasma cell disorder characterized by the accumulation of
malignant plasma celis in the bone marrow and the Increased production of &
specific immunoglobulin, usually monoslonal 1gG or Igh. Common complications of
overt multiple myeloma include recurrent bacterial infections, anemia, ostecloytic
lesions, and renal insufficiency. Multiple myeloma is responsible for about 1 pergent
of all cancer-related deaths in Western countries. s epidemiologic paltern remains
obscure, and ist cause i3 unknown (Bataille and Harousseau, 1887, N. Engl. J. Med.
3386).

In order to treat the disease, it is necessary to immunclogically detect the
participating degenerated cells.

It is true that the prior art describes antibodies against plasma cells which recognize
all plasma cells. However, the antigen corresponding to these antibodies is anly
present intracellularly, and therefore it is necessary to destroy the cells prior te
detection (see Anderson el al. (1984} J. immunol., vol. 132, 3271-3179). Hence, it is
net possible fo deterl plasma cells without destroying them.

Moreover, antibodies against surface antigens are known (see Anderson ef al.
{1984) J. Tmmunpl,, vol. 132, 3172-3179, Anderson et al. (1983) J. Immunoal., vol.
130, 1332-1138, Tong et al. (1987) Blood, vol. 69, 238-148 or Turley et al. (1994), J.
Clin. Pathol., vol. 47, 418-422). However, these antibodies have no specificily and
detect both immature precursor cells and mature plasma cells. According to these
investigations, plasma cells in the differentiated, antibody-secreting stage lose the
typical surface antigens of the B-cell stage. Therefore, it is not possibie to sort out
immature precursor cells (hone marrow cells or B-cells) from mature cells
{differentiated plasma cells which form antibodies themselves).

Conseguently, it has so far not been possible to detect specific surface molecules
{cluster of differentiation, T} which could serve as antibody receptors (antigenic
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determinants). Due o their completely differentiatod condition, intact plasma cells
ars immunolegically hardly recognizable or distinguishable.

Hence, a thesapy of the afore-mentioned syndromes which would specifically atiack
the mature plasma cells is not known,

Thus, the only therapy so far available for the above-mentioned syndromes is
chematherapy, in particular 'n the form of the mullimade chemotherapy. Bowever, it
suffers from the generally known drawbacks of & chemotherapy. An overview of the
therapy concepts so far known is for instance conizined in Lokhorst H M. et al., Br.
J. Haematol. (1898), val. 106, pages 18 - 27.

Despitz seme progress with the above mentioned high dose chemctherapy and
autlogous stem cellfbone marow irensplantation muliiple mysloma is stil an
incurable disease with a median survival of about 3 to 5 years (Peest (1995) Eur J
Cancer 31a.146-151; Attal (1996) N Engl J Med 335:91-97). This bleak situatian has
stimulated the search for altemative therapeutic sirategies, among which
immunotherapsutic strétegies are playing an increasing role. The development of
antibody-based sirategies for the removal of plasma cells in general and the
treatment of multiple myeloma in particular have bean hampered by the fact that
suitable plasma cell-specific surface antigens are missing so far (Bataills and
Harousseau, 1997, Ioc. cit.; Hallek, 1998 Blood 91, 3-21; see also Greiner, 2000,
Virchows Arch 437, 372-379) Even if much research work regarding B-cell
differentiation in the initial stages of B-cell development has been done so far, littke
is known about the terminal differentiation on the way to the plasma cell. The reason
therefor is essentially that antibodies specific to plasma cells are yet not available
for their identificaton. Antibodies, such as CD44, CD38, PC~1, PCA-1, MMA, BB-1
or V538, so far published for plasma cells, have the disadvantage of a wide reaction
range and of also reacting with varicus other tissues and with cytoplasmic antigens.
Although nomal and malignant plasma cells express a number of well characterized
surface markers they all have turned out to be non plasma cell-specific. COX38 is an
activation rather than a differentiation-associated antigen and lacks lineage
restrickon (Funaro, 1980; Alessio, 1990, J. Immunel. 745, 878-884). CD56 is a N-
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CAM splice variant also sxprassed on NK-cells (Pellat-Deceunyncl et al., 1498,
Leukemia 72, 1977-1982; Robilard, 1998, Clin. Cancer Res. 4, 1521-1528), 3).
CD138 (syndecan-1) is also expressed on epithelia (Sebestyen, 1999, Br. J.
Haematal. 104, 412-418; Maatta, 1999, J. Biol. Chem. 274, 9891-8898; Anttonan,
1289, Br. J. Canger 79, 558-584; Kafo, 1995, Mol. Biol. Cell 6, 559-576). A recently
described pltasma cell- associated antigen HM1.24 has turned out to be also
expressed by other cell fypes such as bone marrow stromal cells {Batailla and
Harousseau, 1997, loc. cit.; Hallek, 1998, log. cit.; Greiner, 2000, loc. ¢it.; Chiomao,
1989, Biochem. Biophys. Res. Commun. 258, 583-591). Thus all of the above

described antibodies da not specifically identify plasma cells and multiple myeloma

cells.

Antibody-based approaches to eliminate lymphema cells have proven to he effective
in man either in the form of standasd I1gG antibodies as well as radio-
immunecconjugates. Those molecules are based on antibodies recognizing C020
and CD52 (rituximab, ibritumormab, tosiiurmamab, Campath-1H). Although these
antibody-based approaches show very promising results in lymphoma and leukemia
therapies, the targets are not suitable for plasma cell malighancies (plasmacytoma f
multiple myeloma).

Plasma cells constitute only one percent of all B-cells and only a small proporticn
express the pan-B cell markers CD19 {usually CD19 negaitve) and CD20 (ess than
20%). Thus therapeutic approaches based on antibodies directed against CD19 or
CD20 will only target & small subset of plasma cells, while inducing a major
cytotoxic respense due te the undesired alimination of nan-plasma B cells,

Cansequently, the present invention addresses the problers of proposing a method
for preparing antibodies and of proposing antibodies which specifically label the
plasma cells. Moreover, the present invention addresses the problem of proposing
genes encoding corresponding antibodies and uses of such antibodies.
Furthemnare, it addressss the problem of proposing an antigen labeled with such
antibedies, In addition, the technical problem of the present invention was to provide
for means and methods {o alleviate, prevent or cure plasma cells malignancies.
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The problem is solved by the antibedy, the single-chain polypeptide, the antigen
nuclectide sequences encoding said antibody, single-chain polypeptides or antigen,
the uses and the methads for preparing additional antibodies and/or single-ghain
polypeptides of the present invention. Advantageous embodiments are specified in
the dependent claims.

In order to obtain antibodies against a specific antigen, the state of the art proposes
to inoculate animai organisms with the comesponding antigen {for Instance by
injegtion), with the result that they form antibosies against this antigen on account of
their humoral immune response. The antibodies produced can subsequently be
separated and purified. Sc far, this method has not been successful with intact
mature plasma cells, as they have few antigenic determinants on their surface, with
which it would have been possible to prepare specific antibedies specifically for
plasma cells. Attempts of camrying out inoculations with plasma cells were not
successful therefor.

This is the starling point of the present invention, wherein in conirast to the
prevailing teaghing, an animal organism is immunized with B-cells of the plasma
differentiation line up to and including the lymphoplasmacyioid cell stage. Hence, in
contrast to the prior art, it is not the desired antigen, i.e. the plasma ceils, but their
precursors that are used for incoulation. However, surprisingly, this very method
allows antibedies to be oblained which specifically label plasrma cels without
‘abeling the corresponding precursor stages. The reason therefor may be that the
carresponding precursor cells after inoculation develop further into plasma ceils in
the animal organism where they frigger a specific antibody reaction, which cannot
be produced by direct immunization with plasma cells. From such an Immunized
animal organism it is now readily possible to obtain the produced antibogies as
monoclonal anfibodies by fusing correspording splesn cells from said animal
organism with myeloma cells into hybridoma cells. In this respact, reference is made
o the genetally known state of the art for producing monocleral antibodies (see
also herein below).
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Antibodies are essentially delined by the variable regions (Fw) of their L- and H-
chains. The other regions (Fp) of the L-chain and H-chain, respactively, make no
contribution fo the antigen specificity of the antibody and are in each case largely
invariabie in different anfibody classes.

The antibodiss of the invention are characterized in that the variable regian {Pa(L))
of at least one of its light chaing {L-chain) possesses at feast cne af the following
amine acid sequences or a part of it.

DIVMTQTPLTLSVTIGQPASLSC {variable region FW-1; SEQ ID NO: 1},
KSSQSLLDSDGKTYLN {complementarity-determining region CDR-1; SEQ 1D NOQ:
2.

WU QRPGQSPKRLIS (variable region FW-2; SEG: 1D NO: 3),

LVSKLDS {complementarity-determining region CDR-2; SEQ D NO: 4),
GVPDRFTGSGSGTOFILKISRVEAEDLGYYYC (vanable region FW-3; SEQ 1D NO:
5),

WOAGTHLPWT {complementarity-determining region CDR-3; SEQ ID ND: 6)

and/or

FGGGTKLFEIKR (variable region FW-4; SEQ 1D NO: 7)

andfor the variable region (Fw{H)) of at least one of its heavy chains {H-chain)
possesses at least one of the following amino acid sequences or a part thereof:

AVALAQGSGPELVKTGASVKISCKGSGYSEFS (variable region FW-1; SEQ ID NO:
8),

GYYMH (complementarity-determining regicn CDR-1; SEQ |D NG: 8}
WVKQSHGKRLEWIG {variable region FW-2;, SEQ D NO- 10),
YISGYNGDTRYNQKFRG (complementarity-determining region CDR-2; 3EQ 1D
NC: 11),

KATFIVDISSRTAYMQFNSLTSEDSAVYYCAR {(variable region FW-3; SEQ 1D NQ:
12),

GGYYSYVIY (complementarity-determining region CDR-3; SEQ 1D NO: 13)

andfor

WGQGTTLTVSS (variable region FW-4; SEQ ID NO: 14).
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These antibodies can also be charactsrized in that the gene encoding the individuai
chains {L-and H-chain) of the antibedy contains the Tollowing nucleotide sequences
or corresponding fragments theraof:

for the L-chain

gaageacgeg tagatatcgt gaigacccaa aclecactca cittgtegut taccatigua caaccagect
ccctetetty caagtoaagt cagagectet tagatashiga tggaaagaca tattigaatt gghigttaca
gaggecagge cagtclocaa agegectaat cicleiggtg tetaaattgy actetggagt coctgacaga
ttcactggea glagatcags gacagatitc acarigaaaa fcageagagt ggaggolgag gattiggoag
tetaftatty  ctggeaaggt acacatette cgiggacatt cgotggagge accaagetgg aaatcaaacy
ggelgatgel goggecgelg gatecatett ¢ (SEQ 1D NO: 15)

andior for the H-chain

cgocatggec gegggattee gyeccatggen caggigoags tgeageagte iggacelgag ctagtgaaga
clggggeiic  agtgaagata totigtaagg  giteigotta cfcattcagt ggttactaca tgcactgggt
caageagage catggaaaga ggctfgagly gaitggatat aftagtggtt atasiggige tactaggiat
aalcagaagl fcaggggoaa ggocacatit atigtagaca tatcclccag gacagectac atgcagttca
acagectgac alcigaagac ictgogotct attacigtgec aagagggggt tactacgget acgtggacta
ciggggeeaa gocaccacce tcacagtete cteagecaaa acgacaccea agofiglota {coactggee
cotggtaate acigtgegge cgeeg (SEQ 1D NQ; 16)

The nuclectide sequence according to the invention in each case contains the
above-mentioned nuclectide sequences or a part thereof and in each case
represents one of the genes necessary for the above-mentioned antihody, functianal
antibody, fragment and/or functional derivative thereof.

The antibody may be a conveniional immunoglobulin, for instance an
immunoglobalin G {lgG), in which both light chains and both heavy chain each have
the same amino acid sequence. Preferably said antibody is @ mouse 1GG2 or a
human gG1, yet other IgGs are also envisaged. However, the invention also cavers
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antibodies which are mukifunctional polypeptides and/or hispecific, and for instance

cohtzin only one heavy and one light chain as described above, with the result that

only one binding site for the plasma cells is formed. Particutarly preferred bispacific

antibodies are described herein below, It is particulary preferred that said bispecific
antibodies are single-chain constructs.

The antibedy of the invention can therefore be, e.g., & manaclanal anlibody,
polyclonal antibody, chimeric antibody, humanized antibody, bispecific antibody,
synthetic antibody, antibody fragment such as Fab, Fv ar scFv fragments etc,, or a
chemically modified derivative of any of these. Monodenal antibodies can be
prepared, for example, by the techniques as originally described in Kohler and
Milstein, Nature 256 {1973), 495, and Galfré, Meth, Enzymol, 73 (1881), 3, which
comprise the fusion of mouse myeloma cells to spleen cells derived from immunized
mammals with modifications developed in the art. Menoclonal antibodies can, inter
alia, be obtained by immunizing mice, for example BALB/c mice with human
mononuclear biood cells obtainable as described in appended example 1.

Furthermore, additional antibodies or fragments thereof fo the aforementioned
plasma cells can be obfained by using mathoeds which are described, e.g., in Hariow
and Lane "Antibodies, A Laboralory Manual”, CSH Press, Cold Spring Harbor,
1888. The antibodies of the invention can be used, for example, for the
immuneprecipitation, immunoiocalization or purification of plasma cells of the
invention as well as for the monitoring of the presence of such plasma cells and for
the identification of compounds interacting with the plasma cells acrording to the
invention. For example, surface plasmon resonance as employsd in the BlAcore
system can be used to increase the efficiency of phage display of antibodies which
bind io an epifope recognized by an antibody of the inventian (Schier, Human
Antibodies Hybridemas 7 (1996}, 97-105; Malmborg, . Immunel. Methods 183
{1995), 7-13). The produgtion of chimeri¢ aniibodies is described, for example, in
WOBB/0BE22. Methods for the produciion of humanized antibodies are described in,
e.g., EP-A1 0 238 400 and WQOB0/07861. Furthermore, human antibodies in general
have become accessible since the availability of transgenic mice expressing human
antizodies also caled xenogenic antibodies (Briiggemann, Immunel. Today 17
(1996), 391-397; the general principle for the production of xenogenic antibodies
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such as human antibodies in mice is described in, eg., WO 91710741,
WG B4/02602, WO D6/340586 and WO S96/33735) and of the combiratorial antibody
library ang phage display technology allowing the in vitro combination of variable
regions of immunog\bbulin heavy and light chains {(Vy and V_) and the in vitro
selection of their antigen binding specificily (Winter, Annu. Rev. Immunol. 12 (1994),
433-4565). By using the phage display methed, rare events like ohe specific binding
entity out of 107 te 107 different Vi/Vi- or ViV -pairs can easily be isolated; this is
especially {rue when the repertoire of variable regions has been enriched for specific
binding entities by using B-tymphocytes from immunized hosts s a source for
reperiolre cloning. In addition, approaches using semisynthetic or fully synthetic V-
and/or V.- immunoglobulin chain repertoires have heen developed. For example,
almost the complete repertoire of unrearranged human V-gene-segments has been
cloned from geromic DNA and used for in vifro recomhination of functional variable
region genas, resembling V-J- or V-D-J-recombination in vive (Hoogenboom, J. Mal,
Bigl. 227 {15G2), 381-388; Nissim, EMBO J. 13 (1994) 622-608; Griffiths, EMBO .
13 {1964), 3245-3260). Hence, all these derivatives of the antibody described hersin
helow and in the appended examples are within the scope of the present invention
as long the antibody recognizes specifically at least ane epitope of an antigen
specific for plasma cells, preferably human plasma cells. As discussed herein, the
antibody of the invention may exist in a varety of forms besides complete
antibodies; including, for example, Fv, Fab and F(ab),, as well as in single chains;
see a.g. WO88/09344 and herein below. :

The antibedies of the inventien, their corresponding immunoglobulin chain{s} andfor
functional fragmenis and derivatives thersof can be further modified using
conventional techniques known in the art, for example, by using aminc acid
deletion{s), insertion(s), substitution(s), addition(s}, and/or recombination{s} andfor
any other modification{s) known in the ar{ either alone or in combination. Methods
for intredusing sich medifications in the DNA sequence underlying the amino acid
sequence of an immunoglobulin chain are well known to the persar skilled in the art;
see, e.0., Sambrook, Molecular Cloning A Laboratory Manual, Coid Spring Harbor
Laboratory (1989) N.Y.
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In & preferred embodiment of the present invention, the artibody of the invention ig
the antibody which is produced by the hybridoma cell line D3M AGG 24441,
preferably said antibody is the antibody WUE-1 that is produced by said hybridoma
celi tine.

Said hybridoma cell has been deposited in the culiure collaction Deutsche
Sammiung von Mikroorganismen und Zellkutturen {DSMZ) GmhbH in Braunschweig,
Germany on January 1, 2000, in accordance with the Budapest Treaty. The
antibodics as described herein are particularly useful, inter alia, for the immuno-
isolation, immung-localization andfor purification of plasma cells. Furthermaore, they
might be employed in assays for the detection and/er identification of compounds
which are capable of interacting with or which are interacting with plagma cells.

The present invention also relates ¢ a {human) B cell line which is capable of
producing the antibody of the invention in a humanized form, e.g., by transduction of
the cDNA coding for the variable heavy and light chain domains of WUE-1 antibody
linked fo the constant demains ef an immunoglobulin into @ human B gell fine, Said
£DNA is obiainabla by methods known to the person skilled in the art and are
described, inter alia, in Sambrook, loc. cit. and Ausubel "Current Protocols in
Molecular Biology", Green Publishing Associates and Wyiley Interscience, N.Y.
(1989). The cloning of said cDNA for expression (or seguencing) may follow
standard protocols as described, e g, in Orandi, PNAS 86 {1959), 3833-3837 or as
ilustrated in appended examples, documenting the £loning of the variable regions of
mAL WUE-1.

Fudhermore, the  present invention provides for &  nucleotide
saquence/polynucleotide encoding at least 2 variable region of an antibody of the
inyention andfor of an immunoglebulin chain of any of the before describad
antibodies of the invention. Polynucleotides encoding said regians are obtainable by
methods which are well known in the art and comprise, inler alia, cloning techriques
as described in Crlandi, PNAS 86 (1989), 3833-3837 or Sambronk, loc. cit. One
fomm of immunoglobulin constitutes the basic structural unit of an antibody. This
form is a tetramer and consists of two identical pairs of immuneglobulin chains, each
pair having ane light and one heavy chain. In each pair, the light and heavy chain
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variable regions or domains are together responsitle for binding to an antigen, ang
the constant regions are responsible for the antibody effector functions. In addition
to antibodies, immunoglobuling may exist in a variety of olher forns (including less
than full-length that retain the desited activities), including, the above mentioned Fv,
Fab, and F{ab')2, as well as single chain antibodies {e.g.. Huston, Proc. Nat. Acad.
Scl. USA 85(1088,5878-58B3 and Bird, Science 242(1088), 423-426); see also
herein below. An immunogiebulin light or heavy chain variable domain consists of a
"framework" region interrupted by three hypervariable regions, also called CDRs.
The extent of the framework regicn and CDRs have been precisely defined; see,
e.g., "Sequences of Profeins of Immunoclogical Interest,” Kabat, U.S. Department of
Health and Human Services (1980). The sequences of the framework regicns of
different light or heavy chains are relatively conserved within a species. The
framework region of an artibody, that is the combined framework regions of the
constituent light and heavy chains, serves to position and align the CDRs. The
CDRs are primarily responsible for binding fo an epilope of an antigen. Chimeric
antibodies are antibadies whese light and heavy chain genes have been
consiructed, typically by genetic engineering, from immunoglobulin variable and
constant region genes belonging to different species. For example, the variable
segments of the genes from a moause monoclonal antibody may be joined to human
constant segments.

Therefore, the feachings of the present fnvention provide for variable regions. in
particular for CDRs of antibodies spesifically detecting/interacting with plasma cells.
Said variable regions may, inter alia, be employed ta generate, via known
recombinant tachniques, chimeric, synthetic, etc. antibodies andlor immunoglobulin
malecules or derivatives thereof. It is, for example, envigaged that the variable
regions of the antibodies of the present inventicn be combined with constant regions
of arfibodies of a different 1g-subtyps or of an lgfig-subtype of a different species.
This may, inter alia, particukyrly be useful in enhancing the effector function of said
antibody, e.g. the effector function of induction of antibody-depedent cell-mediatad
cytotoxicity (ADCC) andfor complement-dependent cytotoxicity. The skilled artisan
Is awara that such effector functions largely depend on the constant part of the
antibody/immunoglobulin- molecule and wouki chose such a copstani part
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accordingly.

Thus, the antibodies of the present invention can be produced by expressing
recombinant DNA segments encading the heavy and light immunoglobulin chain{s)
of the antibody invention either alene or in combination. Said polynucleotide may be,
e.g.. DNA, cDNA, RNA or synthetically produced DNA or RNA or a recombinantly
produced chimeric nucleic acid molecule comprising any of those peolynucleotides
either alone ar in combinatien. Prefarably said polynucleotide is part of a vector.
Such veclors may comprise further genes such as marker genes which allow for the
selection of said vector in a suilable host cell and under suitable conditions.
Preferably, the polynucleotide of the invention is operatively linked to expression
control sequencas allowing expression in prokaryotic or eukaryotic cells. Expression
of said polynuclectide comprises transcripion of the polynucleotide inlo a
translatable mRNA. Regulatory elements ensuring expression in eukaryotic cells,
preferably mammalian celis, are well known to those skillad in the art. They usually
comprise regulatory seguences esnsuring inifiation of transcription and aptionally
pely-A signals ensuring termination of transcription and stabilization of the transcript.
Additional regulatory elements may include franscriptional as welt as translational
enhancers, and/or naturally-asscciated or heferclogous promaier regions. In this
respect, the person skilled in the art will readily appraciate that the polynucleotides
encoding at least the vanable domain of the light andfor heavy chain may encode
the variable domeins of both immunoglobulin chains or only one. Likewise, said
pelynucleotides may be under the control of the same promoter or may be
separafely controlled for expression. Possible regulatory elements permitting
expression in prokaryotic host cells comprise, e.g., the Py, iac, ivp or fac promater in
E. coli, and examples for regulatory elements permitting expression in eukaryctic
hest cells are the AOXT or GALY promoter in yeast or the CMV-, SV40-, RSV-
promoter (Rous sarcoma virs), CMV-enhancer, SV40-enharicer or a globin intron
in mammatian and other animal celis. As documented in the appended examples for
the antibody derivative, e.g. a single-chain construct, the EF-2 prometer may be
employed. Beside slements which are responsible for the initiation of transcription
such regulatory elements may alsc comprise transcription termination signals, such
as the SV40-paly-A site or the tk-poly-A site, downstream of the polynuclectide. In
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this context, suitable expression vectors are known in the art such as Ckayama-
Berg cDNA expression vector pcDVA (Phammacia), pCDMS, pRe/CMY, pocDNAT,
pelNAS {In-vitrogane), pSPORT1 (GIBCO BRL).

Preferably, the expression control sequences will be eukaryotic promoter systems in
vectors capable of transforming or transfecting eukaryotic host cells, but control
serjuences for prokaryotic hosts may also be used. Once the vedtor has baen
incorporated into the appropriate host, the host is maintained under conditions
suitable for high level expression of the nuclectide sequences, and, as desired, the
collection and purification of the immunoglobulin light chains, heavy chains,
light/heavy chain dimers or intact antibodies, binding fragments or other
immunaglobulin forms may fallow; see, Beychok, Cells of Immuncgtobulin
Synthesis, Academic Prass, N.Y., (1979).

As described ahove the nucleotide seguence polynucleotide of the invention can be
used alone or as part of a veclor to express the antibody of the invention in calls,
for, e.q.. gene therapy or diagnostics of diseases related to malignancies of plasma
cells. The polynucleotides or vectors confaining the DNA seguence(s) encoding any
cne of the above described antibodies is introduced inta the cells which in turn
praduce the antibody of interest. Gene therapy, which is based on introducing
therapeutic genes into cells by ex-vivo or ln-wvo technigues is cne of the most
important applications of gene transfer. Suifable vectors, methods or gene-delivery
systems for in-vitre or in-vivo gene therapy are described in the literature and are
krown to the person skilled in the art see, e.g., Gioréano, Nature Medicine 2
(1996), 534-539; Schaper, Circ, Res, 78 (1296), 511-19; Andersen, Science 256
{1992), B08-813; Isner, Lancet 348 (1988), 370-374; Muhlhauser, Circ. Res. 77
(18885), 1077-1086; Wang, Nature Medicine 2 (1996), 714-716; WORB4/29469; WO
97/00857, Onedua, Blood 81 (1898}, 30-36; Verzeletii, Hum, Gene Ther, 9 {1898),
2244-2251; Verma, Nature 389 (1997), 238-242; U3 5,550,859, LIS 5,589,466; US
4,384 448 or Schaper, Current Opirion in Biotechnology 7 (1998), 635-640, and
refarences cited therein. The polynucleotides and vectors of the invention may be
designed for direct introduction or for introduction via liposomes, or viral vectors
{e.g. adenoviral, retroviral) into the cell. Preferably, said cefl is a germ fine oel,
embryonic cell, or egg cell or derived therefrom, most preferably said cell is & stemn
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cell, This embodiment is particularly suited for bispecific antibodies of the invention,
e,g., with one specificity against a plasma cell antigen which would facllitate the
treatment of plasma cell related diseases described herein (see also appended

examples),

Furthermgre, the present invention relates to vectors, particularly plasmids,
cosmids, viruses and bacieriophages used conventionally in genetic engineering
that cemprise a polynucleotide encoding a variable domain of a chain of an antibody
of the inventian; optionally in combination with a polynuclectide of the invention that
encodes the variable domain of the othar chain of the aniibody of the invention.
Preferably, said vactor is an expression vector and/or a gene transfer or targeting
vector. Expression vectors derived from viruses such as refroviruses, vaccinia virus,
adenn-associated virus, herpes viruses, or bovine papilloma virus, may be used for
delivery of the polynucleotides or vector of the invention into fargeted cell
population. Methods which are weall known to those skilled in the art can be used to
construct recombinant viral veclors; see, for examptle, the techniques described in
Sambroaok, Molecular Cloning A Laboratory Manual, Cold Spring Harber Laboratory
(1989) N.Y¥. and Ausubel, Current Protocols in Motecular Biclogy, Green Publishing
Associates and Wiley Interscience, N.Y. {1983). Alternatively, the polynucleotides
and vectors of the invention can be recenstituted into liposomes for delivery to target
cells. The vectars containing the polynucleotides of the invention {e.g., the heavy
and/or light variable domain{s) of the immunaglobilin chains encoding sequences
and expression control sequences) can be transferred intp the host cell by
well-known methods, which vary depending on the type of cellular host, For
éxample, calcium chloride transfaction is commonly utilized for prokaryotic cells,
whereas calcium phosphate trealment or electroporation may be used for aother
cellular hosts; see Sambrack, supra. Onge expressed, the whale antibodies, their
dimaers, individual light and heavy chains, or other immunoglobilin forms of the
present invention, can be purified according to standard procedures of the art,
including ammonium sulfate precipitation, affinity columns, column chromatography,
gel electrophoresis and the like; see, Scopes, “Protein  Purification”,
Springer-Verlag, N.Y. {1982). Substantially pure immunoglobulins of at least about
90 to 95% homogeneity are preferred, and 98 to 99% or mere homegeneity most
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preferrad, for phammaceutical uses. Qnce puiified, partially or fo homogensity as
desired, the polypepfides may then be used therapectically (including
exlracorporeally) or in developing and performing assay procedures.

The present invention furthermore relates to host cells transformed with a nuclectide
sequence/polyruclectide or vectar of the invention. Said host cell may be a
prokaryotic or sukaryotlc cell. The polynuciectide or vector of the invention which is
present in the host cell may sither be Integrated into the genome of the host celt or it
may be maintained extrachremosomaly.

The host cell can be any prokaryctic or evkaryotic cell. The term “prokaryotic™ la
meant to include all bacteriz which can be transformed or transfected with a DNA or
RNA molecules for the expression of an antibody of the invention or the
corresponding immunoglobulin chains, Prokaryotic hosts may include gram negative
as well as gram positive bacteria such as, for example, £. coli, S. typhimunium,
Serralia marcescens and Bacillus subtiis. The term "eukaryotic” is meant fo inciude
but ned being limited to insect, fungal, plant, animal or human cells. Preferred fungal
cells arg, for example, those of the genus Saccharomyces, in particular those of the
species S. cerevisiae, A polynuclectide coding for an antibody of the invention can
be used to transfarm or transfect the host using any of the techniques commonly
knowh fo those of ordinary skill in the art. Especially preferred is the use of a
plasmid or a virus containing the coding sequence of the antibedy recognizing
plasma cells, e.g. and epilope of the antigen of the invention for purposes of
eukaryotic ar prokaryotic transformation or transfection, respectively. Methods for
preparing fused, operably linked genes and exprassing them in, e.g., mammalian
cells and bacteria are well-known in the art {Sarnbrock, et ai.. Molecular Cloning: A
Laboratery Manual, Goid Spring Harbor Labnratory, Cald Spring Barbor, NY, 1989).
The genetic constructs and methods described thersin can be Gtilized for expression
of the antibody of the invention in eukaryetic or prokaryotic hosts. In general,
ex¥pregsion veciors cantaining premoter seguences which facilitate the efficlent
transcription of the inserted palynucleotide are used in connection with the host. The
expression vector typically contains an origin of replication, a promoter, and a
terminator, as well as specific genes which are capable of providing phenotypic
selection of the transformed cells. The fransformed hosts can be grown in
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fermeniors and cultured according o techniques known in the art to achisve optimal
call growth. The antibody or ifs corresponding immunoglebulin chainis) of the
inventioh can then be isolated from the growth medium, cellular lysates, or cellular
membrane fractions. The isolation and purification of the, e.g., microbially expressed
antibodies or immunogiobulin chains of the invention may be by any conventional
means such as, for example, preparative chromategraphic separations and
immunological separations such as ihose involving the use of mencclonal or
polyclonal antibodies directad, e.g., against the constant region of the antibody of
the invention.

In a further embodiment the present invention relates 1o a continuous, stable
antibody-producing cell line which is capable of producing an antibody or a
functional fragment or derivative thereof of the invention. Sald cel! line may be, as
discussed herein above, a hybridoma cell fing, preferably the hybridoma cell line
kaving the deposit number DSM ACC 2441.

In yet another smbodiment, the present invention provides for a method for
preparing an antibody against plasma cells, characterized in that an animal is
immunized with B-cells of the plasma cell differentiation iine up and including the
lymphoplasimacytoid cell stage and the prepared antibody is isolated in a
canvenlional manner from the blood of the animal,

As, inter alia, illusirated in the appended examples, mice, preferably BALBfG mice
may be immunized according to standard protocols with, e.g. a lymphoma call lina,
inter alia a lymphoma of the MALT-iype (H3302), capable of differentiating into a
plasma call in vitro,

Furthermore, the jnvention provides for preparing an antibody or a funciions!

fragment or derivative thereof capable of recognizing plasma cells comprising

(a) culturing the (host) cell or hybridoma cell of the present invention, capable of
expressing an antibody, funclional fragment, derivative thereof or an
mmunaglobiin chain and

(b) isclating said antibody, functional fragment, derivative or immunoglobulin
chain thereof from the gells or the culture medium.
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The present invention alsc involves a method for producing cells capable of
expressing an antiredy of the invention or its corresponrding immunogiobulin
chain(s) comprsing genstically éﬁginéering cells with the polynucleotide or with the
vector of the invention. Preferably, the immuncglobulin chain{s) thus exprossed are
displayed on the cell surface of the transfected cell. This embogiment as well as
some others mentioned herein may be adapted for phage display technigues such
as described above, The cells obtalnable by the msthod of the invention can be
used, for example, fo test the interaction of the antibody of the invention with its
antigen. The cells cbtainable by the above-describad method may also be used for
the screening methods referred fo herein below. Furthermoare, transgenic animals,
prefarably mammals, comprising a polynuclectide, vector or celis of the Invention
may be used for the large scale production of the antibady of the invention,

Furthermore, the invention relates to an antivody of the invention or a fragment or
dervative thereof or immunoglobulin chain encoded by a polynuciestide according
to the inventicn or obtainable by the above-described method or from cells produced
by the method described above.

In this context it is also understand that the antibodies, fragments and/or derivatives
thereof according to the invention may be further modified by conventional methods
known in the art. By providing the antibodies according to the present invention it is
also possible to determine the portions relevant for their binding activity. This may
aliow the construction of chimeric proteins comprising an amino acld sequence
derived from an antibody of the invention which is crucial fer binding activity and
Gifier funclional amino acid sequences e.y. nuclear localizaiion signals,
transactivating domains, DNA-hinding domains, hormone-binding domains, protein
tags (55T, GFP, h-myc peptide, Flag, HA peptide) which may be derived from
hetsrologous proteins.

The aniibodies of the invention can also be present as antibody conjugates, for
instance with proteins, sueh as toxing, cyfokines, antibody fragments or enzymes,

andfor with fluoropheres, bictin andfor radioisotopes. Such antibedy conjugates and
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their preparation are described for instance in "G. T. Hermanson “Bioconjugate
Techniques" Academic Press ISBN 0-12-342338-8, 1995", in particular in chapters
8,10, 11 and 13, orin "} E. (;oligan et al. "Current Protocols in Immunolegy™ J.
Wiley and Sons, Inc. ISBN 0-471-52276-7, 1981", all of which are incorporated by
reference into the disclosure content of this application.

Canjugation of radicisotopes is mediated by hetero-bifunctional chelate-forming
active ingradients (see above, under G, T, Hermanson, Chapter 8).

Suitable radicisotopes Include yitrium-88, ytiium-80, indium-111, iodine-125, iodine-
131, semarum-153, |utetium-17?. rhenium-186, bismuth-212 or hismuth-213.
Suiiable texins include ticin, recombinant ricin, bacterial toxing PE (Pseudomonas
Exolatoxin} or DT {diphtheria foxin) which are single-chain foxing lending
themselves to the preparation of recombinant fusion toxins.

Antibodies which are conjugated with toxic antibictics are disclosed, for instance, in
US 5,013,547 and WO 92/07458.

An overview of the prior art which is kereby incorparated inte the present application
is given:

for radicimmunotherapy by S. J. DeNardo et al. in "A new era for radinlabeled
antibodies in cancer?”, Current Opinion in Immunclogy, 1988, vol. 11, pages 563-
569
for immunctoxins by R. J. Kreilman in "Immunotoxins in Cancer”, Gurrent Opinion in
(mmunclogy, 1929, vol. 11, pages 570-78,

for bispecific antibodies by D. M. Segal et al. in "Bispecific antibodies in cancer
therapy™, Current Opinion in Immunology, 1998, vol. 11, page 558-562,

for the preparation of single-chain Fy-antibodies in US 5,260,203,

for the preparation of antibody fragments conjugated or expressed as a single
polypeptida chain in WO 91/1973%,

for the preparation of humanized antibodies in US 5,858,205,

for the preparation of chimeric antitodies (“CDR grafting") in EP 0 620 278,

for the preparation of cress-linked antibodies in US 5,714,149,

for the preparation of antibody-cytokine fusion proteins by §. D. Gilties et al, In
"Antibody-iargeted interleukin 2 stimulates T-cefi killing of autclogous tumor cslis”,
Proc. Natl. Acad. SciU.S.A., 1992, vol. 89, pages 1426 - 1432 or
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by T. Dreler et al. in "Recombinant immunocylokines targeting the mouse transferrin
receptor; construction and biclogical activities”, Bioconjug. Chem. 1998, vol. 9,
pages 482 - 489,

Tha afore-mentioned antibodies can be used {o identify plasma celis (preforably
human plasma cells), and, for instance, to sort them out. For instance, all that is
needed far this pyrpese i5 o label the antibodies of the invention with a
flugrochrome in a conventional manner and ta carry oui fluorescence-activated cell
sorting {FACS). Additional separation methads are knawn from the state of the art
(see for instance Greiner A., et al. {1987) American Journal of Pathclogy, vol. 150,
pages 1583 - 1393). However, furiher methods of immunoisolation and
immunaseparation are known in the ait and may comprise the binding to solid
supports, like beads, preferably magnetic beads etc,

In this manner, it is possible to separate and isolate al plasma cells from a blood
sample or tissue. In this process, the degenerated plasma cells are also removed, in
order to eliminate the plasma cells causing the fumor or the autcimmune disease.

In particular, labeling and removal of the plasma cells can also be carried out
outside the bedy, for instahce in an outer arificial blood circulation in a manner
similar ta dialysis.

Tha invantion also relates to an antigen, characterized in that it binds {o andfer is
recognized by the antibedy of the invention.

The antigen of the invention is labelsd by the antibody of the invention. Cne of these
antigens fs characterized in that it is a surface protein of plasma cells and
possesses a molecular weight of about 94 kD or of about 55 XD. ltis in particular
preferred that the matecular weight of the antigen of the present Invention is
betwean 50 and 60 kD, most preferably arcund 50 to 55 kD. Said molecular weight
can be deduced empioying, inter alia, the following method: A cell suspension (107
celis) is bictinylated by addition of sulfo-NHS-biotin (MW 400; Pierce). Said cells, for
example patient cells, may be lyzed in CHAPS-buffer and antibodies as disclosed
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herein, a.g. the antibody secreted by the hybridoma cell line DSM ACC 2441, may
be employed in immunoprecipitation approaches. lmmunoprecipitated material may
be solubilized in SDS-sample buffer and the sampie may be electrophoresed
employing a 10% SDS-PAGE. As molecular weight standards, commercially
available standards like HMW standards from SIGMA (not-prestained) may be
employed. The efectrophoresed proteins may be transferred onto a nitrocellular
membrane and the immunoprecipitated, biofinylated proteins can be visualized
employing Streptavidin —~HRP {e.g. from Pharmacia) and ECL-systems, This antigen
has been found to occur not only on the surface of the plasma cells but also in their
cell plasma.

Therefare, the present invention also relates te antibodies which are characterized
in that it binds the above described antigen andfor an epitope therecf. Said antibody
may be obtained by conventional methods and/or methods described herein. In
particular, said antibody may be obtained by immunizing an animal with the antigen
of the invention and/or with an epitope thareof and by isolating the formed antiboady
from the blood of said animal (ses, inter alia, Harlow and Lane, loc. cit.).

The antibody(ies) may also be prepared by using the celis of the immunized animal
o produce a cell line which produces said antibody as a monocional antibody, in
that this cell line is cultured and the anlibocy produced Is isolated. Preferably said
cultural cell is a cell derived from a splaen cell of the immunized animal, preferably
said cell is & hybridoma cel! propared by {fusion with a myaloma call (see also
appendead axamples).

In & preferred embodiment of the invention, the antibody of the invention is used for
identifying and/or characterizing the corresponding antigen and/or for specifically
labeling/detecting/recognizing plasma cells, preferably human plasma cefls. Said
amibordy may also be employed to prepare additional antibodies, fragments or
derivatives thareof which labelfrecognize plasma cells. The invention also relates to
the nucleotide sequences/polynuclectides encoding at least one variable region of
these antibodies, fragments or desivatives thersof,

It has to be stressed that also a cDNA exprassion library in E. coll can be screened
indireclly for peptides having at least one epitope of the antigen of the invention
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using antibodies of the invention (Chang and Gottiieb, J. Neurosei., 8:2123, 1988).
Aftar having revealed the structure of such antigens the rational design of binding
parthers andior domains may be possible. For example, folding simulafions and
computer redesign of struclural motifs can be performed using appropriate computer
programs (Llszewskl, Proteins 25 (1996), 286-208; Hoffman, Comput. Appl. Biosci.
11 {1965), 675-679). Futhermore, compulers gan be used for the conformational
and energetic analysis of detailed protein models (Monge, J. Mol. Biol. 247 (1895),
995-1042; Renouf, Adv. Exp. Med. Biol. 378 (1995), 37-45).

The knowledge of this antigen now aflows this antigen to be puriﬁedi in a simple
comventional manner, for instance by gel elecirophoresis, and an animal organism
to be immunized in turn by this antigen, in order fo produce additional antibodies
against the same antigen. OF course, the thus produced antibodies then again lahel
only plasma cells specifically, as the cells present the 94 kD-antigen or the 55 kD
antigen on their surfaces, and can be used as described above,

Hence, a defined mothod for producing any additional antibodies speciisally
directed against plasma cells is available which can be cartied out by standard
immunological techniques, as described in many textbocks {for instance Janeway et
at., Immunologie, 1995, Spekirum-Verlag Heidelberg, Berlin, Oxford). Of course,
after immunization of the animal, the corresponding antibody can again be produced
as a monoclonal antibody in 2 conventional manney, as known from the state of the
art.

The presgent invention alse provides for muliifunctional polypeptidas wherein at least

ong part of this polypeptide comprises & binding site of an immunoglobulin chain or

of an antibody of this invention.

Preferably said multifunctional polypeptide is a single-chain multi-functional

polypeptide comprising

(a) a first domain comprising a binding-site of an immunoglobulin chain or an
antibody as defined herein; and

() & second demain comprising a binding site of an immunoglabulin chain or an
antibody specifically recognizing the CD3 antigen.
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The terms “irst domain” and "second doemain” in accordance with the present
invention mean that one binding sile is directed against an epitope of the antigen of
the invention, e.g. an specific epitope of an antigen on plasma celis, preferably of
human plasma cells, the other binding site is directed against the CD3 antigen of T
cells, preferably human T celis.

The term "binding site” as used in accordance with the present invention denates a
domain comprising a three-dimensionat structure capable of specifically hinding to
an epitepe \ike native anfivodies, free sckv fragments or one of their coresponding
immunoglobufin chains, preferably the Vi chain. Thus, said domain can comprise
the Vi andfor ¥ domain of an antibody or an immuneg!cbulin chain, preferabiy at
feast the Vy domain. On the olher hand, said binding sites contained in the
polypeplide of the invention may comprise at least one complementarity determining
region (CDR) of an antibody or immunoglobuiin chain recognizing the antigen of the
invention and CD3 antigens, respectively. In this respect, i is neoted that the
domains of the binding sites present in the polypeptide of the invention may not only
he derived from antibodies but alsc from other binding proteina recagnizing CO3 or
the antigen of the invention, such as naturally occurring surface recepiors or
ligands. In accordance with the invention, said binding site is comptised in a
domain.

The tern "muliifunctional polypeptide” as used herein denotes a polypeplide
comprising at least two amino acid sequences derived from different origine, i.e.
from two different moiecules, optionally derived from different species wherein at
least two of said origins specify the binding sites. Accordingly, said binding sites
specify the functions or at least some functions of said multifunciional peptids. Such
polypeptides include, for example, bispecific single-chain (bsc) anfibedies.

The term “single-chain™ as used in accordance with the present invention means
that said first and second domein of the polypeptide are covalently linked, preferably
in the form of a codingar aming acid sequence encodable by a nucleic acid
malecule.

CD3 denoles an antigen that is expressed on T-ceils as part of the multimolecular 7-
cell receptor complex and that consists of three diffarent chains CD3g, CD33 and

CD3y. Clustering of CO3 on T-cells, e.g., by immobilized anii-CD3-antibodies, feads
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to T-cell acfivation similar to the engagement of the T-cell receptor but independent
from its clone typical. specificity. Actually, most anti-CD3-antibodies recognize the
GD3=-chain.

Antibodies that specifically recognize the CD3 antigen ara described in the prior art
and can be generated by conventional methads known in the art, see, inter alia, WQ
99/54440,

The single chain multfunctional polypeptide may be pariculardy usafyl in medics)
purposes, e.g. the treatment of tumors, in paricular of lymphomas and/or
plasmacytomas, mulliple myelomas cr in the reatment of immunological disorders,
like autcimmune diasases.

In a preferred embodiment of the polypeptide of the invention said domains of the
multifunctional polypeplide are connected by a polypepiide linker. Said linker is
disposed hetween said first and said second domain, wherein said polypeptide
linker preferably comprises plural, hydrophilic, peptide-borded amino acids ang
connacts the N-terminal end of said first domain and the C-ferminal end of said
second domain.

In a further preferred embodiment of the invention said first and/or second domain of
the above-described polypeptide mimic or correspond to a Vi and Vi region from a
natural anfibody. The antibedy providing the binding site for the potypeptide of the
invantion can be, e.q., a monoclonal antbody, polyclonal antibedy, chimeric
antibody, humanized antibody, bispecific antibody, synthefic aniibody, aniibody
fragment, such as Fab, Fv or scFv fragments elc., or a chemically modified
derivative of any of these as discussed herein above.

In a furiher preferred embodiment of the invention at least ane of said domeins in
the above-described polypeptide is s single-chain fragment of the variable region of
the antibody.

As is well known, Fv, the minimum antibedy fragment which coniains a complete

antigen recognition and binding site, cansists of a dimer of one heavy and one light
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chain variable domain (V4 and V.) in non-covalent association. I this configuration
that corresponds {o the one found in natve antibodies the three complementarity
determining regions {CDRs) of each variable domain interact (o define an antigen
binding site on the surface of 'thé ViV ditner, Collectively, the six GDRs confer
antigen binding specificity to the antbody. Frameworks (FRs) flanking the CDRs
have & tertiary structure which is essentially conserved in native immunoglebuling of
species as diverse as human and mouse. These FRs serve ta hald the CORs in
their appropriate orientation. The constant domains are not reguired for binding
function, but may aid in stebilizing Va-Vy interaction. Even a single variable domain
{or half of an Fv comprising only three CDRs specific for an antigen) has the ability
to recoghize and bind anligen, aithough usually at a lower affinity than an entire
binding site {Painter, Biochem. 11 (1972), 1327-1337). Hence, sald domain of the
binding site of the polypeptide of the invention can be a pair of V-V, V-V or V-V
domains either of the same or of different immunoglobulins. The crder of Vi and V¢
domains within the polypeptide chain is not decisive for the present invention, the
order of domains given hereinabove may be reversed usually without any loss of
function_ If is important, however, that the Vi, and V| domains are arrapged so that
the antigen binding site can properly fold. The preparation of multifunctonal
polypeptides is well known in the art, as, inter alia, disclosed in WO 59/54440 or WQ
Q6/06605.

In & preterred embediment of the polypeptides of the invention said domains are
arrangsd in the order V{WUE-1-VyWUE-1-V,CD3-V_ CD3, wherein "V" and "V
means the fight and heavy chain of the variable domain of specific anti-WUE-1 and
anti-CD3 antibodies.

As discussed above, said binding sites are prefarably connected by a fexibte linker,
preferably by a polypeptide linker disposed between said domains, wherein sgid
polypeptide linker comprises plural, bydrophilic, peptide-borided amino acids of a
length sufficient to span the distarce between the C-terminal end of one of said
domains comprising said binding sites and the N-terminal end of the other of said
domaing comprising said bindieg sites when the polypeptide of the invention
assumes a conformation suitable for binding when disposed in agueous solution.
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Preferably, said polypeplide linker comprises a plurality of glycine, alanine and/or
sering residues, 1t is further preferred that said polypeptide linker comprises a
plurality of consecutive copies of an amino acid sequence. Usually, the polypeptide
linker comprises 1 to 15 aminc acids although polypeptide linkers of more than 15
amino acids may work as well, In a preferred embodiment of fhe invention said
polypeptide linker comprises 1 1o 5 amino acid residuss.

In a particularly preferred embodiment of the present invention sald polypeptide
linker in the palypeptide of the nvention comprises 5 amino acids. As demonstrated
in the appended examples, said polypeplide linker advantageously comprises the
amina acid sequence Gly Gly Gly Gly Ser.

In a most preferred embodiment of the present invention, the muliifunciional
polypeptide as defined herein above is a single-chain antibody. It is particutarly
preferred that the multifunctional polypeptide is encoded by the nucleic acid
molecule as depleted in the appsnded examples and in SEQ ID NO: 21, preferably
comprising the amina acid sequence as shown in SEQ 1D NO: 22.

The present invention further relates to a (multifunctional) polypeptide comprising at
lsast one further domain, said domains being linked by covatent or non-covalent
bonds. Said multifunctional polypepiide may, therefore, be in the format of an
"heterominibody” as discussed in WO $0/06605.

Thé linkags can be based on genetic fusion accortding fo the methods known in the
art and described above or can be performed by, e.g., chemical crossdinking as
described in, e.g., WO 24/04686, The additional domain preseant in the polypeptide
of the invention may preferably be linked by a flexible linker, advantageously a
polypeptide finker to one of the binding site domains wherein said polypeptide linker
comprises plural, hydrophilic, peptide-bonded amino acids of a length sufficient fo
span the distance between the C-terminal end of ane of said domains and the N-
temminal end of the otber of said domains when said polypeplide assumes a
corformation suitable for binding when disposed in agueous solution. Preferahly,
said polypeptide linker is a polypeptide linker as described in the smbodiments
hersinbefore. The polypeptide of the invention may further comprise a cleavable
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linker ar cleavage site for proteinases, such as enterckinase; see also the appended
examples.

Furthermare, said additional domain may be of a predefined specificity or function.
For example, the literature contains a host of references to the cencept of targeting
bicactive substances such as drugs, toxing, and enzymes to specific points in the
body 0 destroy or kocate malignant cells or to induce a localized drug or enzymatic
effect. It has been proposed to achieve this effect by conjugating the bicaciive
substance to monodonal antibodies (see, e.g., N.Y. Oxford University Press; and
Ghose, J. Nail. Cancer Inst. 67 (1578), 657-676).

In this context, it is also understoed that the polypeptides according to the invention
may be further modified by conventional methads known in the art. This allows for
the construction of chimerc proteins comprising the polypeptide of the invention and
other functional amino acid sequences, e.g., nuclear localization signals,
fransactivating domains, DNA-binding domains, hormone-binding domains, protein
tags {GST, GFP, h-myc peptide, FLAG, HA peptide) which may be derived from
heterologous proteins.

In context of the present invention, the invention also relates to
polynucleotides/nucleic acid molecules encoding the multifunctional polypeptides of
the invention comprised in vectors andfer transfectad into host cells as described
herein above. in general, the term "polynucleotide™, "nucleic acid molecules" and
"nuclectide sequences” relata to DNA, RNA, PNA as well as recombinantly
produced chimeric nucleic acid molecules camprising any of these polynucleotides
either alona or in combinaticn,

In a further embodiment the prasent invention relates to a composition comprising
the antibedies or functicnal fragments or derivatives thereof, the multifunctional
polypeptide, the nucleotide sequences/polynucleotides, vectors andfor cells of the
invention, Preferably said composition is a pharmaceutical or a diagnostic
composition.
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The phamaceutical compasition of the present invention may further comprise a
phamaceutically acceptable carrier. Examples of suitable pharmaceutical cariers
are well known in the art and include phosphate buffered saline solutions, water,
emulsions, such as ciliwater emulsions, various types of welting agents, sterile
solutions, ete. Compositions comprising such carriers can be formulated by well
known conventional methods. These pharmaceutical compositions  ©an be
administered to ihe subject at a suitable dose. Administration of the suitable
compositions may be effected by different ways, eg.. by intravenous,
intraperitoneal, subsutaneous, intramuscular, topical or intradermal administration.
The dosage regiment will be determined by the attending physician and clinical
faciors. As is well known in the medical arts, dosages for any one patient depends
upon many factors, including the patient's size, body surface area, age, the
particular compound to be administered, sex, time and rowmte of administration,
general health, and other drugs being administered concurrenily. Generally, the
regimen as 2 regular administration of the pharmaceuticat composition should be in
the range of 1 pg io 10 mg units per day. If the regimen is a conlinuous infusion, it
shouid also be in the range of 1 pg te 10 mg units per kilogram of body weight par
minute, respectivaly. However, a more preferred dosage for continuous infusion
might be in the range of 0.01 g to 10 mg units per kilagram of hody weight par
hour. Paricularly preferred dosages are recited herein below. Progress can be
manitored by periodic assessment. Dosages will vary but a preferred dosage for
intraverious administration of DNA is from approximately 10° to 10 copies of the
DMA melecule. The compositions of the invention may be administered locally or
systernatically. Administration will generally be pamenterally, e.g., intravenously;
DNA may also be administered directed to the target site, .., by biolistic dekvery to
an internat or external target site or by catheter to a sfie in an arlery. Preparations
for parenteral administration include sterile aqueous or non-agueous solutions,
suspensians, and emulsions. Examples of non-aquecus solvenis are propylene
glycol, polyethylene glycol, vegelable ails such as olive oil, and injectable organic
esters such as othyl cleate. Aquecus carriers incluge water, aleoholicfaqueous
solutions, emulsions or suspensicns, including saline and buffered media.
Parenteral vehicles include sodium chloride solution, Ringers dextrose, dexiross
and sodium chloride, lactated Ringers, or fixed ails. Intravenous vehicles include
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fluid and nutrient replenishes, electrolyie replenishers {such as those based an
Ringer's dextrose), and the like. Preservatives and other additives may also he
present such as, for example, antimicrobials, anti-oxidants, chelating agents, and
inert gases and the like. In addition, the pharmaceutical composition of the present
fnvention migh! comprise proteinacecus carrers, jike, e.g., serum albumine or
immunoglobuline, preferably of human origin. Furthermore, it is envisaged that the
pharmaceutical composition of the invention might comprise further biologically
active agents, depending on the infended use of the pharmaceutical composition.
Such agents might be drugs acting on the gastro-intestinal system, drugs acting as
cytestatica, or drugs employed in the treatment of autoimmune diseases, {multiple)
lymphomas, multiple myelomas or plasma cylomas.

It is envisaged by the present invention that the various polynurleotides and vectors
of the invention are administered either alene or in any combination using standard
vectors andfor gene delivery systems, and optionally together with a
phammaceutically acceptable carrier ar excipient. Subsequent to administration, said
polynuclectides or vectors may be stably integrated into the genome of the subject.

On the other hand, viral vectors may be used which are specific for certain cels or
tiseues and persist in said cells. Suitable pharmaceutical carmiers and excipients are
well known in the art. The pharmaceutical compasitions prepared according to the
inyention can be used for the prevention or ireatment or delaying of different kinds
of diseases, which are related to malignancies, in particular lymphomas, multipte
myelomas, plasma-cylomas and autcimmune diseases.

Furthermore, it ia possible fo use a pharmaceutical composition of the Invention
which comprises polynuclectide or vadtor of the invention in gene therapy. Suitable
gene delivery sysiems may include Yiposornes, recepior-mediaied delivery systems,
naked DNA, and viral vectors such as herpes viruses, retroviruses, adenoviruses,
and adeno-associated viruses, among others. Delivery of nucleic acids fo a specific
site in the hody for gene therapy may also be accomplished using a biolistic delivery
system, such as that desciibed by Williams (Proc. Mafl. Acad. 3ol USA B8 {1991},
2728-2729). Further methods for the delivery of nucleic acids comprise particle-
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mediaied gene fransfer as, e.g., described in Verma, Gene Ther.15 (1998), 692-
659,

It is fo be undersiood that the introduced polyaucleotides and vectors express the
gene product after introduction info éaid celt and preferably remain in this siatus
during the lifetime of said cell. For exampla, cell Tines which siably express the
pelynuclentide under the control of appropriale regulatory sequences may be
engineered according to msthods well known to those skilled in the art. Rather than
using expression vectors which contain viral origins of replication, host cells can be
transformed with the polynucieotide of the invention and a selectable marker, sither
on the same or separate plasmids. Foliowing the introduction of foreign DNA,
engineered cells may be allowed fo grow for 142 days in an enriched media, and
then are switched to a selective media. The selectable marker in the recombinant
plasmid corfers resistance to the seleciion and allows for the seleclion of cells
having stably infegrated tha plasmid into their chromosomes and grow 1o formm foci
which in tum can be cloned and expanded inta cell lines. Such engineered cell lines
are also particulardy useful In screening mathods for the detection of compounds
Invalved in, e.g., B-cell/T-call interaction.

A number of selection systems may be used, including but not limited 1o, the herpes
simplex virus thymidine kinase (Wigler, Call 11 (1977), 223), hypoxanthine-guanine
phosphoribosyliransferase (Szybalska, Proc, Natl. Acad. Sci. USA 48 (1862), 2028),
and adening phosphoribosyltransferase (Lowy, Cell 22 (1980}, 817} in 1k, hgprt' or
aprt cells, respectively. Also, antimetabolite resistance can be used as the basis of
selection for dhir, which confers resistance to methotrexate (Wigler, Prog. Natl,
Acad. Sci. USA 77 (1980}, 3667; O'Hare, Proc. MNatl. Acad. Sci. USA 78 {1987),
1527), gpt, which confers resistance tc mycophenolic acid {Mutigan, Proc. Natl.
Acad. Sci. USA 78 (18981), 2072} neo, which confers resistance to the
aminoglycoside G-418 (Calberre-Garapin, J. Mol. Biol. 150 {1981}, 1}; hygro, which
canfers registance to hygromycin (Santerre, Gene 30 (1984), 147); or puromycin
{pat, puromycin N-acetyl transferase). Additionai selectable genes have been
described, for example, trpB, which allows cells to utlize indole in place of
tryptophan, hisD, which allows cells to ulilize histingl in place of histidine (Hardman,
Proc. Natl. Acad. Sci. USA 85 (1988), 8047); and ODC (ornithine decasboxylase)
which confers resistance fo the ornithine decarboxylase inhibitor, 2-(difluoromethyl)-
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DL-omithine, DFMO (MeCologue, 1987, In: Current Communications in Molecular
Biology, Cold Spring Harbor Laboratory ed.).

The compounds of the presert invention, in particular the antibodies may be
particularly useful in fitering systems. For example, when therapeutically desired the
antibodies or functional fragments or derivatives thereol of the invention may be
employed in so-called "purging™strateqgies, wherein the hiood of or bone marrow of
& patient, 6.4. & plasmacytoma patient, is freed from its malignant plasma cells, e.g.
its tumor cells during bana mamow transplantation.

The diagnostic composition of the invention compriging any one of the above
describad antibodies, (mulifunctional) polypeptides, polynuclectides, vectors or
thost} cells of the invention may optionally comprise suitable means for detection.

The antibodies as well as the (multifunctional) polypeptides of the invention are also
suited for use in immunoassays in which they can be utilized in liquid phase or
bound to a sclid phase carrier. Examples of immunoassays which car utilize the
polypeptide of the invention are compaetitive and non-competitive immunoassays in
either a direct or indirect format. Examples of such immunuassays are the
radioimmunoassay (RIA), the sandwich {kmuncmetric assay) and the Western blot
assay. The antibodies as well as polypeptdies are also useful in immuno-isolation
apbroaches as well as in immuno-precipitation.

The antibodies &5 well as polypeptides of the invention cap be bound to many
different carriers and used fo isclate celts specifically bound fo said antibodies as
well as polypeptides. Examples of well-known carriers include glass, polystyrens,
polyvinyl chloride, pelypropylene, polysthylene, polycarbonate, dextran, nylon,
amyloses, natural and modified celluloses, colloidal metals, polyacrylamides,
agaroses, and magnetite. The nature of the carrier can be either soluble or insoluble
for the purpases of the invention.

There are many different labels and methods of labeling known to those of ordinary
sKili in the art. Exampies of the types of labels which can be used in the present
Irrvention include enzymes, radioisotopes, colloidat metals, fluorescent compounds,
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chemiluminescen! compounds, and biofuminescent compounds; see aiso the
embodiments discussed hareinabove. The diagneslic compasition of the present
invention is particular useful in detecting, labeling as well as isolating plasma colls,
preferably human plasma cels. The diagnostic composition is also useful for the in
vivo and in vitro study of B-cell lymphomas, the mechanism of B-cell differentiation,
or the hiology of plasma cells.

The present invention also relates to the use of the compounds of the invention
described hereinabove for the preparation of a pharmaceutical compaesition for the
treatment of plasma cell malignancies, in particular multiple myelomas, lymphomas,
plasmacytomas (lumors) as well as autoimmune diseases.

The present invention also provides for a kit comprising the antibody or a functional
fragment or a derivative thereof of the present invention, the antigen of the
inventicn, the epitope of the invention, the (multifunctional) polypeptide of the
invention, the nucleotide sequence of the invenlion andfor the vector andfor host of
tha inventicn.

Such a kit may comprise a camier means being compartmentaiized to receive in
close confinemeni one or more container means such as vials, tubes and the like,
each of the container means comprising one of the separate elements to be used in
the method. For example, one of the container means may comprise an antigen or
epitope of the invention bound to a carrier. A second containar may comprise
soluble, detectably-labeled second antibady, in lyophilized form or in solution. tn
addition, the carrier means may also cantain a plurality of containers each of which
comprises different, predetermined amounts of the antigen or epitopes of the
invention.

In summary, regarding plasma ocells, only specific antibodies directed against
cytoplasmic componénts have sq far baen available according to the state of the art,
and hence were incapable of recognizing the plasma celi surface. The antibodies of
the invention are, for the first time, directad against anfigens which are expressed
on the cell surface of plasma cells and are specific for plasma cells. Hence, for the
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first time, antibodies are availabie, which can be used in the diagnosis and therapy

of, for instance, auleimmune diseases, tymphommas or plasmocytomas, and offer a
substitute for chemotherapy with all its side effects, which was the only therapy so
far known in the art.

The figures show:

Figure 1

Figure 1a

Flgure 1b

Figure 1c

Figure 1¢

Fiture 2

Immunchistochemistry employing the antibody of the invention.

Secondary lymphglic fissue with a genminal center in the middls {star)
and individual brown-stained plasma cells in the upper third of this
germinal center.

Partial picture b of Fig. 1a shows immunostaining of the plasma cell
line NCI-923, in which ali cells are immunohistochemically strongly
positively [abeled with Wue-1.

In parbial piciure a of Fig, 1b, a B-cell tumor (a so-called little malignant
MALT lymphama} differentiating into plasma cells can be seen with a
diffuse host of positively labeled plasma cells apart from the not yet
differentiated tumor part of the lymphoma which produces a Wue-1
negative reaction. In partial picture b of Fig. b, & hignly-malignant
ymphoma Is labsled with Wue-1 which comesponds to malignant
plasma cells (so-called anaplastic plasmocytoma) and has a
cyloplasma staining and membrane staining.

Picture insert: immunohistochemistry of mature plasma cells. FACS
analysis. '

Wastern blot, in which a plasma cel line (NCI-H929) served as an
antigen source.

In alt partial pictures a to h of Fig. 2, the spedific binding pattern which
is selective for plasma cells is described on the basgis of human tonsils.
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Cylotoxicity assay performed with MM cells enriched by CD138-based
immunoisolation. The fraction of living myeloma cells was positive for
the PKH-26 dye (measured in F1-2) and negative for P (measured in
FL-3). Dead MM cells were positive for both, PKH-26 and P). PBMCs
were nagative for PKH-26 A strong loss of Pl-negative myelomg cells
Ts detectable in the sample containing bscWue-TxCD3 compared fo
bee17-1AXCD3 afer an incubaticon time of 4 days and an E:T ratio of
10:1. Samples were analyzed as triplicates showing a mean specific
lysis of 56% of target cells by autolagous prestimulated PEMCs.

Dose dependent activity of bscWWue-1xCD3. Assay incubation time was
6 days and the E:T ratio 10:1. Samples were analyZed as duplicates
showing a maximium specific lysis of 5% of tamget cells by autologous
prestimulated PBMCs.

In the following, an example of a method for preparing an antibady according to the
invention and an example of an antibody according to the invention is given.

Furthermore, the preparation of a single-chain nultifuniional compound and its

carresponding use in accordance with the Invention is illustrated.

Example 1: The method for preparing an antibody {"Wue-1")

a) Immunization of a mouse

BALB/c - mice wore Immunized with cells of a cell ling which was obtained
from a iymphoma of the MALT type (cell line No. H3302/88, Dr. A. Greiner,
Institut fir Pa-thologie, Universitat Wirrzburg). These gells are capable of

differentiating into plasma cells in vitro.
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Isplation of splaen cells of the immunized mouse

The sterilely removed splaen was placed inio a petri dish containing 5 ml of
RPMI without serum and pressed through a nylon gaure net {pore size 100
um). Subsequently, the cell suspension was resuspended several times with
a 5 ml pipette and transferred to a 50 mi vial. The thus obtained spleen cells
were washed twice with 20 ml of HBSS. That is to say, the colls were
cenfrifuged at 1500 rpm for 5 minutes in each case, the supernatant was
removed and the peliet was resuspended in 20 ml of HBSS in each case.

Preparation of the fusion partner {myeloma cells)

The myeloma cells {P3x63 Ag8.653, ses Keaney J. F. et al. (1978} Jourpal
of immunology, vol. 123, paga 1548 - 9550) were kept in azaguanin medium
(1 mg/ml RPMI + 10% FKS) for some days prior to fusion. For the fusian of a
mouse spleen about 4 x 107 myeloma cells were needed {this is the conient
of about ona vial of a confluently grown cell culture of 175 cm?). The
myefoma cells were removed from the bottorn of the vial by means of EDTA
buffer, and subsequently washed with HBSS, Ike the spleen cells, and again
centrifuged, and the supematani above the pellet was sucked off.

Cell fuston

The suspension with spleen cells from step 2 was placed on the pellst from
myeloma cells from step 3 and mixed with it.

Fusion was carried out at +37°C according to standard procedures (see for
instance  Greiner et al. (1994) "Monodlonal gammapathias 1L Clinical
significance and basic mechanism" (editors Radl et al.), pages 167 - 190,
EURAGE, Leiden, the Netherlands). Tc this end, all required media were
preheated to +37°C in a watar bath.
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Within one minute after mixing the spleen cells with the myeloma cells, 3 ml of 50%
PEG was slowly dropped info the cell mixture while the mixture was stirred, in order
to prevent lump formation. After waiting for 1.5 minutes, first 15 mi RPMI without
serum and then 20 mi RPM1 + 10% FKS were slowly dropped into the mixdure, while
the mixiure was stirred. The cell mixture of myeloma fusion partner cells and mouse
spleen cells was centrifuged at 1500 rpm for 5 minutes, the supernatant was
remaved and the pellet resuspended in 125 ml of RPMI + 10% FKS + 200 uniis par
milliliter IL-6 + 0.5 ml per 100 ml of gentamycin, The cell suspension thus obtained
was distributed in milliiters into five 24-well plates. Afler culluing for about 24
hours, 1 mt of RPMI + 10% FKS + 200 units per milliliter IL-6 + 0.5 ml per 100 m! of
gentamycin + 2 x HAT was added per well.

e) Culiuring of hybridoma cefls

The fused hybridoma cells were supplied with new medium (RPMI + 10%
FKS + 200 units per milliiter IL-6 + ©.5 mt per 10D ml gentamygin + 1 x HAT)
every 4 days. For this purppse, the culture supematant of the wells was
completely sucked off {hybridoma celis grow adherently), and 2 ml of new
medium were added per well. After 14 days, the 'HAT medium' was
exchanged for 'HT-medium' (RPMI + 10% FKS3 + 200 unils per millilijer IL-6 +
0.5 mi per 100 m! gentamycin + 1% HAT). If growing clones coversd tha field
of view in the microscope, they were tesled for immunoglobulln produciion.
All positive clanes were transferred into smali culture vials (25 cm?).

f) Specificity test

All positiva clones were immuno-histochemically tested for specificity by

being cut in the frozen state ang subjected to immunostaining (see below).

After repeated recloning, a stable cell ing was obtained.
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Isofation of the antibodies producad,

The supernatant of the cultures of the afore-mentioned csll line was removed
and purified by precipitatioﬁ with ammonium sulfate and subsequent protein
A affinity chromatography and labeled with FITC or biotin using N-hydroxy-
succinimide ester (company Sigma, Germany) in accordance with standard
methods (Greiner et al (1994) Lab. Invest, vol. 70, pages 572-578). The
antibody produced by this cell line is hereinafter referred 1o as "Wue-1". If
was idenfified by isotype 19G2a,

The antibody Wue-1 was characterized in respect of its amino acid seqguence.
The variable region Fw(l) of its light chains [L-chains) has the fallowing
sequence

its partial sequence

DIVMTQTPLTLSVTIGQPASLSC corresponds to variable region FW-1
KSSQSLLDSDGKTYLN corresponds ta the complementarity-determining
region COR-1

WLLQORPGQSPKRLS comesponds to variahle region FW-72

LVSKLDS comresponds to the complementarity-determining region CDR-2
GVYPDRFTGSGSGTDFTLKISRYEAEDLGVYYC corresponds o variable
region FW-3

WQGTHLPWT corresponds to the complementarity-determining region CDR-
3

and

FAGGTKLEIKR comesponds to variable ragion FW-4.

The variable reglon Fw(H) of iis heavy chains (H-chaing) shaws the following

seqUBnCe;
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QVOLLOSGPELVKTGASVKISCKGSGYSFSGYYMHWYKQSHGKRLEWIG
YISGYNGDTRYNOKFRGKATFIVDISSRTAYMQFNSLTSEDSAVYYCARGG
YYGYVDYWGQGTTLTVSS

Its partial sequence

QVALOQSGPELYKTGASVKISCKGSGYSFS comrasponds fo variable region
FW-1,

GYYMH corresponds to the complementarity-determining region CDR-1,
WVKQSHGKRLEWIG comesponds o variable region FW-2,
YISGYNGDTRYNQKFRG coresponds to the complementarity-determining
region CDR-2

KATFIVDISSRTAYMQFNSLTSEDSAVYYCAR corresponds to  variable
region FW-3,

GOYYGYVDY corresponds fo the complementariy-determining region COR-
3

and

WEQGTTLTYSS correspond to variable region P-4

Marecver, the nuclectide sequence of gene sequences enceding antihody
Wue-1 was analyzed. The gene coding for the light t-chains of the antibocy
Wue-1 contains the following nucleotide sequence:

gaagcacgeg tagatalocgt galgacccaa  aciccactca  citigtopgt  taccatigga
caaccagoct coctotetty casgicaagt cagagestet tagatahigs tgnaragaca tattgeatt
gatigttaca gaggccagye cagicteeaa agegectaat cictetgaty tetasatigy actotggagt
coelgacaga  Hcaclggea glgystcagy gacagatitc  acactgaama  tcagcagagt
ggagyolgag  gatitgggag  tolattally  clggoaagot  acacatettc  cgtggacatt
cggtggagge accaagelgg aaateaaacy ggolgatget geggoogotg gatccatett ¢ (SEQ
1D NO: 15)

The gene coding for the heavy H-chains of antibody Wue-t contains the
following nucleatide sequence:
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cgocatggec  gegggaticc  ggocalggeg caggligeage igeageagle tggacotgag
ctaglgaaga ctggggetic agtgaagata icligtaagg glictggtta cleaticagt gottactaca
fgcaclggyt casgeagage  catggaasga  ggcifgagty  gettggatat  attagtggit
ataalggiga taclagotat aatcegaagt Icaggggoaa  ggecacaltt  aligtagaca
tatcctocag  gacagoctac  algeagitca  acageoctgac  atctgaagac  fetgogghet
altactgige  aagaggoggt tactacgget acglguacte ciggggoces  ggoaccacoe
icacagicic ctcagccaaa acgacaccca  ageliglota  tcoactggec  cetggtaato
aclgtgeggr egeeg {SEQ 1D NO: 16}

The above-mentioned materials used are defined as follows:

Nylon gauze of the company NORAS

8-araguanin of the company Sigma Na. A1007

HBSS {Hank's salts} of the company Linaris No. F1431 KG
EDTA buffer of the company Linaris No. 11253 GG

PEG (polysthylene glyco! 1500) of the company Beehringer
FKS (fetal calf serum) of the company Linaris No. 83181 KG
RPMI of the company Linaris No. F2613 KG

HAT supplement 50x of the company Linaris No. K1931 GG
HT supplement 50x of the company Linaris No, K1832 GG
Gentamycin of the company Linaris Na. F1141 FG

IL-6 (interleukin-6) of the company Pharmingen, Hamburg

For the specificity tests, the antibody was purified from the cell culture
supernatant by ammonium sulfate precipitation and subsequent affinity

- chromatography. The specificity test was camied out with preparalions of

fresh tissue outs, cell centrifugation products and cell suspension solutions by
immuno histochemistry.
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Results:

Wue-1-positve cells were unambiguously end reproducibly identified by
immunchlstochamistry within secondary germinal centars and in the marginal
zene and below the crypts of the tonsils (Figs. 1A and 18). The morphology
and immunchistochemistry corresponds to mature plasma cells of either the
Marschallko typa or lymphoplasmacytaid type (Fig. 1C with picture insert).

In partial picture a of Fig. 1A & secondary lymphatic tissue with a gemminal
center in the middle {star} and individual brown-stained plasma cells in the
upper third of this germinal center can be seen. This is the typical maturation
zone for lymphocytes into plasma cells. Moreover, outside the follicles too,
some positively iabeled cells (arrows) can be seen near the surface
epithelium at the upper margin of the picture. Partial picture b of Fig. 1A
shows immunostaining of the plasma cell line NCI-923, in which all cells ave
immunohistochemically strongly positively labeled with Wue-1. The Iabeling
pattern is in each case cytoplasmic and appears at the membrane, as has
been shown by the nan-pemrmeabilizing FACS staining depicted in Fig. 1C.

Wue-1 did not react with macrophages or other lymphatic cells, such as T-
lymphocytes or macrophages, and did nat show any binding in the peripheral
blood, liver tissue, kidneys, muscles, skin, urinary bladder, testis and ovary,
and reacted weakly and inconstarily with secretory epithelium in the gastro
intastinal duct {stomach, intestine).

Wue-1 did, however, react with al malignant tumors derived from plasma
cells. By contrast, normal T- and B-lymphocyles and fumors from the early B-
cell differentiation phase reacted negatively (Fig. 18). In pariial piciure a of
Fig. 1B, a B-cell turmor (a so-called litlke malignant MALT lymphoma)
differentiating into plasma colls can be seen with a diffuse host of positiveiy
labeled plasma cells apart from the not yet differentiated fumor part of the
lymphoma which produces a Wue-1 negative reaction. In pariial picture b of
Fig. 1B, a highly-malignant lymphoma is labaled with Wue-1 which
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corresponds to malignant plasma cells (so-called anaplastic plasmocytoma}
and has a cytoplasma staining and membrane staining.

Fig. 1C, left-hand half, shows a FACS graph of a normal ionsil lymphocyte
cell suspension. The cell size is in sach case plotted on the x.axis, the call
granularify on the y-axis. R1 and R2 denote two cell populations, and
according to general experience, the lymphocyies at rest are in R1, while the
activaied lymphocyies are in R2, An idea of this is conveyed by the inserted
inner picture of the centrifuged celt suspension preparation which was stained
with Wue-1. In this picture, small positive cells which correspond fo the
lymphoplasmacyioid plasma cefls (arrow} and occur in R1 as wall as large
plasma cells of the Marachalko type from R2 ¢an be saen.

In the right-hand half of Fig, 1C, four histograms can be seen, whare the
staining intensity is plotted on the x-axis and the cell number on the y-axis.
The upper two histograms show the Wue-1 posilive cells from R1. Qn the left-
hand side top/bottom, the cells were additionally siained against light chain
kappa and lambda antigens, on the right hand side topbottom against the
surface antigen CR54. A steining against an irelevant anligen was
superimposed on the piclures as a so-called isotype control, In order to show
the exteni of unspecific background staining. 1t is stiking that
lympheplasmocytic cells {uppes row) differ from mature plasma cells (lawer
row} in respect of the expression of light chains and CD54, as mature plasma
cells do not express either ona compared to the isotype control.

Fig. 1D shows & Westem biot, in which a plasma celi fine (NCI-H829) served
as an antigen source. A positive band resulted at about 94 kD (Fig. 1D), that
is to say the antigen Jabeled by Wue-1 has an apparent molecular weight of

94 kD.

Legend of Fig. 2 (videoprint)
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In all parfiai pictures a to h of Fig. 2, the spesific binding pattern which is
selective for plasma cells is described on the basis of human tonsils. A Cy3-
fluorochrome conjugated Wue-1 mAB (red staining) with an aptional choice of
other defined antigens (green siraining) is used as assay technigue with
double immunofluorescence, wherein an overlapping staining signal then
appears yellow {colar sum of green and red). Immunostaining was carried cui
according to current and generally used methods {for details see the relevant
literature such as Janeway, Immunologie, Spektrum-Verag, 1995). In
summary, staining is first canfed out indirectly with the unconjugated antibody
(here: the antigens shown in green) and this antibody is then representec
with a second secondary antibody labeled with green flunrescence. In a naxt
step, 2ll free valences of the secondary antibody are blocked with mouse
serum, in order that Wuye-1 should not be able 10 bind thereto unspecifically.
Finally, staining is carried out with the second specificity (here: red-labeled
Wue-1). Beveral spesificity and sensitivity controls are conducted in parallel
to each batch and indicate the dyeing behavior of the tissle while omilting the
correspending individual steps.

Fig. 2a shows double staining of Wue-1 {red) with CD44 (green} The
germinal center of g lymphatic follicle can be seen in the illustration only
vaguely and is therefore identified by a slar. CD 44 |abels mature B-cells
(near the germinal center) and plasma cells (remote from the germinal
canter), with only the overlapping spectrum of the population remote from the
germinal center being striking in double staining. An arrow marks individual
plasma cells which are located in the germinal center but are typically CD44-
negative,

In Fig. 2b, this finding is again especially emphasized. Here, a geminal
center was selectively depicted. The gells which are outside the GO phase
{represented by Ki-67-positivity) and  therefore proliferate, which s
characteriglic of garminal centers in lymphatic tissue, are labeled in green.
Wue-1 positive cefls are differentiated and no longer proliferate.
Consequently, no double staining can be seen.
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In Fig. 2¢, a.delimitation from another important cell population in 1he
lymphatic tissue was carried oyt by means of GD3 staining. Consequently, in
the tonsil, Wue-1 cells border on the Twcall outer zone (typical localization for
plasma cells) but are negstive for the Pan-T-cell marker.

In Fig. 2d, double staining with 2 known plasma cell antibody V5-38 which,
nowever, anly recognizes cytoplasmic antigens was carried out. Hence, there
is high overlap and almost complefe yellow staining. Moreover, individual
cells are recognized by VE-38 and could be described as T<ells, which is a
fact showing that VS-38 has a lower specificity for Wue-1.

Fig. Ze shows a staining which marks the tonsil surface in green (epithslium
marker cytokeraiin 8), This also shows that Wue-1 does not pnssess any
cross reactivity, nof even in the case of cells which charadteristically migrate
into the epithetium.

In Fig. 2f, co-expression with a functionally imporant antigen CD95 {FAS)
was examined. Data regarding plasma cell expression have not baen
published so far.

In Fig. 2g, a combination of Wue-1 and an antibody 4012 which recognizes
the marginal zone B-cells, that is to say those cells which represent the direct
precursors of plasma ceils, was chosen. Consequently, double-abeled cells,
which characterize transition, can also be seen apart from the correspanding
individual staining.

In Fig. 2h, by contrast, double staining with CD23 was carried out, which
appears on germinal center cells and immaiure B cells {so-called peripheral
zone cells). The germinal center structures and peripheral zone structures of
a lymphatic follicle are marked in green and there is a strip of unlabeled cells
(T cell zone ses Fig. 2o and marginal zone see Fig. 2g) and a Wue-1 positive
outer zone.
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The Tact that Wue-1 specifically recognizes plasma cslis has baan shown In
numerous tests both morphologically and immunchistochemicaliy by means
of multiple stainings (Figs. 1A and 2 (videoprint}). In parbcular. the specificity
and property of Wue-1 of binding 1o the membrane surface of normal and
malignant plasma cells makes Wue-1 a valuable immunclogical toel, because
Wue-1 can conversely aiso be coupled to carrier or messenger substances
and can then bring diagnostic or therapeutic substances to the plasma cell
bath in vitro and in vivo, which is ensured by its ability to bind to the cefl
membrane of the plasma cells. Moreover, Wue-1 can be used therapeutically
as a filter ouside the bedy (so-called purging), in which the blood or bone
marrow of a plasmacytoma patient is freed from its tumar cells during a bone
marrow transplantation.

Example 2: Wue-1 Is highly specifie far healthy and malignant plasma cells

The first step towards an antbody-based treatment of plasma cell maligrancies
(plasmacytoma / muitiple myeloma) was fo establish a monoclonal antibady
specifically dirested {0 plasma cells. Such an antibody was described above, Wue-1.
A further characterization of Wue-1 was performed to determine the binding
characterisctics of Wue-1 to lymphatic tissue, Human tonsh tissue was chasen for
double-stainings with YWue-1 and a set of tissue markers. Wue-1 (DSM ACC2441)
was used as described in the examplas above.

Briefly, immunohistochemical stainings were performed on 4 micrometer cryostat
sections of fresh frozen surgicat specimen. Special attenlion was given to those
organs known to be populated by plasma cells, ie bone marrow, ymph nodes,
thymuses and tonsils. Furthermora, cytospin preparations of normat peripheral
blood lymphacytes, secandary lymphoid tissues and lymphoma cell suspensions,
and myeloma/piasmecytoma cell lines were subjected fo immunocyto-chemical
testing. For double staining on cryostat sections bound biotin-labeled antibodies
were detected using Cy3-streptavidin {Dianova, Germany) as described (Greiner
(1994) Lab Invest 70:572-578). The immunoperoxidase method was applied using a
three-step incubation procedure with diluted purified monecional antibody Wue-1
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and the isotype contrcl as described in detail elsewhers (Marx (1992} Lancei
339:707-708). Biopsy tissuss were kept at -70°C as snapfrozen blocks until fresh
sections were prepared a2t the lime of experiments. Monoclonal antibodies used for
indirect stainings weare CHZ2, CDZ23, KiS7, GO0, bak2 (all DAKOY, 4012 [Smith
(1990) Clir Exp Imrunc) 82:181-187), V538 (1854) J Clin Pathol 47:418-422). Flow
cytometric analysis was perfermed on a FACScan® (Becton Dickinson} with an
Argon lon laser tuned at 48Bnm using LYSIS Il for data acquisition and analysis
using trple immunostaining with directly conjugaied monoclonal antibodies (CD18
HD 37,Sigma; GD3 UCHT-1,Sigma; CD14; Lsu-M3, Beston Dickinsor, CDS54,
B4M10, Immunotech; ARO-1, Behrmann (1994) Eur J Immunal 24:3057-3062);
CDE6L, DREG 56, Dianova; GD40, mAbE9 Banchereau (1991) Nature 353:578-679;
CD38, AT 135, Serotec). Wue-1 was used either directly conjugated with FITGC or
as blotinylated antibody detected with  streptavidin-Phycoerythrin (PE, Sigma).
Instrument set-up samples includaed an un-stained sample, and samples stained
with CD19-FITC, CD19-PE and CD¥9-QR. The instrument set-up was siandardized
using CD19+ B lymphocytes from normal tonsils &s reference by gating on the
fluorescence intensity of CD19 lymphocytes followed by adjustment of the light
scattering detectors to locate the B cells in a standard po-sition in the correlative
display of forwvard and sideward light scattering. The fluorescence detectors were
adjusted using a tight light scattering gate as obtained from the light scattering of the
CD1g+ iymphocytes, folfowed by adjustment of the three fluo-rescence detectors of
an unstained sample. Each measurement contained 20.000 cells. Dead coll
discrimination was performed with 7-amino-actinomycin D (7-AAD, Calbiochem,
Germany) in combination with dual color Immunofluorescence as described
elsewhere {Schmid (1882) Cytometry 13:204-208).

Analysis of the germingl centers chowed that Wue 1 labeling showed strong
celocalization with cytoplasmic |g, surface lg, lg isotypes IgM>>lgG>IgA, CD38,
V838, HLA-DR, weak staining could be observed with B cell markers CD19, CR22,
CD40; 4012 (B cells of the marginal zone), CD136, CDBY5, no staining was with
C023, CD44, CD3 (T cell), CO14 (macraphage), Kig7, CDBBL, CDS4, CD10, bek2,
bcl-8, cyiokeratin 8, CDBB (macraphage). Differences in the paracortex staining
versug the germinal cenler staining was the absence of surface Ig staining, no
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€018, CD22, CD40, CD95, HLA-DR; strong staining was observed with CD13s,
CD44, CD54, and weak staining with bel2; all other markers remained unchanged
between germinal cenfers and paracortex. These findings were verified with ciher
Iymphatic tissue and bone marrow [(data not shown}. Furthermore Wua-1 did not
cross-react with peripheral blood, liver, heart, muscle, skin, bladder, ovary, testis
and the central nervous system, but showed weak staining of secretory epithelia of
the gastrointestinal tissues. These results underlined the selective labeling
properties of Wue-1.

The ability of Wue-1 to differentiate specific lymphoma sublypas was determined by
a number of patient samples analysed as described above. Wue-1 proved to be
highly specific for plasma csll maligrancies (plasmacytomarmyeloma) and cross-
raacting only with immunocytoma. Lymphoma subtypes were dassified according to
the revised European-American (REAL) classification. Positive staining was
observed on 11 of 11 plasmacytomalmyeloma samples; 13 of 13 MALT {mucosa-
associated lympheid tissue}ype lymphoma with plasma cell differsntiation but non
withouf plasma cell differentiation (0 of 19). 5 of 6 immunocytoma were Wue-1
posilive and 1 of 13 diffuse large cell lymphoma, whersas no staining was observed
an follicular center lymphoma (0 of 33), mantle cell lymphoma (0 of 10), Burkitt's
lymphama (0 of 5), B cell lymphocytic leukemia (0 of 5), peripheral T cell lymphoma
(0 of 7), angic-immunobiastic lymphema (0 of 8) ard Hodgkin's disease (0 of 13).
This highly selective recognition of plasmacytora/myeloma was not observad with
any previously described antibody.

Example 3: Wue-1 is suifable for a highly selective antibody-based elimination
of plasma cells

Baged on this selective recognition of plasma cells by Wue-1 it is obvious fo the
person skilled in the art, that such an antibody would be suitable to use in the
targeted elimination of malignant plasma cells (plasmacytoma / myeloma). Typical
mechanisms used for the aniibody-mediated elimination of target cells are targeted
delivery of radioactivity (radicimmunocenjugates, DeNardo (1998) Current Opinion
in Immunology 11, 563-569), targeted delivery of toxins (immuncioxins, Kreitman
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{1998) Cusrent Cpinicn in Immunology 11, 570-578), or antibody-dependent cellular
cytotoxicity (ADCC). ADGC can be mediated by Fo-gamma receptor bearing cells
{monocytes, macrophages, granulocytes), natural kiler cells or T cells. Effector
domains connected to the variable domains of an antibedy can be the Fo domain,
as in & nomal meneclonal antibody, or domains that interact with other surface
antigens on effector cells,

One promiging variant of antibody-based strategies is the bispecific antihody
approach by joining two antigen-binding sites of different specificily in cne antibody
malecule, in order to redirect effector cells to the pre-defined tumer target, Though
bispecific antibodies are extrernely efficient In recruiting oylotoxic effertor cells
against tumor cells in vitro and in vive { Stasrz and Bevan (1986). Proc. Natl. Acad,
Sei. U. 5. A 83, 1453-1457 Lanzavecchia and Scheidegger {1987} Eur. J. Immunol.
17, 105-111.; Kroesen (1995) Cancer Res. 55, 4409-4415;, Krossen (1985) J.
Hematother. 4, 408-414;Kroesen (1993} Cancer Immunal. Immunother. 37, 200-
407), larger randomized clinical trials praving clinicai efficacy are still lacking. The
main reason why these promising antibody constiucts are dramatically lagging
behind intact antibodies in clinical testing, lies in the difficulties to produce sufficient
ameunts of clinical grade material. Until recently, the praduction and purification
process has been extremely inefficient, with low vislds regardiess of whether the
hybrid-hybridoma approach, chemical linkage or repaturation from bacterial
inclusion bodies of recombinant Fab or Fv fragment, was followed. In adidition,
nearly all of these products are plagued by contamination with ill-defined by-
praducts (Staerz and Bevan, 1886; Lanzavecchia and Scheidegger, 1987,
Mallender (1094} Biochemistry 33, 10100-10108; Gruber (1994) J. Immunech. 152,
3368-5374) As previously shown with two different {17-1AxCD3 and CD19xGD3)
antihodies, these handicaps can be overcome by the development of a molecular
format linking four variable as described in Mack (19953, Proc. Nail. Agad, Sci. U. 5,
A B2, 7021-7025 and loefiier (2000) Bleed 15, 2098-2103 .The resulting
recombinant 80 kD molecule produced by mammalian celts is secrelad at a high
viald in & fully active form that requires no further repaturation.
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The variable regions of the Wue-1 monocional antibody were cloned using standard
PCR-hased procedures as described above and the single chain bispecific antibody
was assembied from the Wue-1 varigble light and heavy chain into io a single-chain
antibody and combined with the anti-CD3 single<hain Fv portion of the 17-1AxCD3
antibody via a short peptide linker as described in Mack (1995). The bispecific
meleculs was designated Wue-1xCD3. Briefly, primers were selected from the 5
and 3-end of the eeding sequences of the Wues-1 variable regions and were
designed to introduce 2 BsrG1 restriction side at the 5 end of Wue-1-V1, a BspE1
restriction side at the 3' end of Wue-1-WH, and a synthetic (Gly,Sery)a linker with an
internal BspEt resfriction  side. Primers ~ were  Wue-LC-F: 5%
CTACAGGTGTACACTCCGATATCGTGATGACCCAAACTCC-3'; SEQ ID NO: 17,
Wue-1-LG-R:  5-TCCTCCTCCGGAGCCGLCGCOGLCAGAALCACCACCACCC-
CGTTTGATTTCCAGCTTGGTGCC-35 SEQ I NO: 15, Wue-1-HC-F: 5-
GGOGGLTOCGGABGAGGAGATCTC-AGGTGCAGCTGCAGCAGTCTGE-3"; SEQ
I NO: 18 and Wue-1-HC-R: F-CCACCACCTCCGGAGGAGACTG-
TCGAGGGTGGTGCC-3,; SEQ ID NO: 20. Wue-1xCD3 was designed such that the
Flag apitope of the 17-1AxCD3 was eliminated. The Wus-1xCD3 bispedific singls
chain construct inte CHO-K1 cells and stable clones were selected using the
selection marker dihydrofolate reductase {DHFR), DHFR was linked to the Wue-
1xGD3 transcript via an internal ribosomal enfry sequence and hoth expression
units were driven by the same EFe-Promotor {Mack {1995)),

The resulting Wue-1xCD3 construct comprised the fellowing npuclectide sequence
(SEQ D NO: 21)

GAATTCACCA TGGGATGGAG CTGTATCATC CTCTTCTTGG TAGCAACAGC
TACAGGTGTA CACTCCGATA TCGTGATGAC CCAAACTCCA CTCACTITGT
CGGTTACCAT TGGACAAGCA GCCTCCCTCT CTTGCAAGTC AAGTCAGAGC
CTCYTAGATA GTGATGGAAA GACATATTTG AATTGGTTGT TACAGAGGCC
AGGGCAGTCT CCAAAGUGCC TAATCTCTCT GGTGTCTAAA TTGGACTSTG
GAGTCGCTGA CAGATTCACT GGCAGTGGAT CAGGGAGAGA TTTCACACTG
AAAATCAGCA GAGTGBAGGC TGAGGATTTG GGAGTCTATT ATTGCTGGCA
AGGTACACAT CTTCCGTGGA CATTCOGTGG AGGCACCAAG CTGGAAATCA
AACGGGGTEE TGGTGGTTCT GGCEGLCGGCG GCTCCGGAGS
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AGGAGGATCT CAGGTGCAGC TGCAGCAGTC TGGACCTGAG GTAGTGAAGA
CTGGGGCTTC AGTGAAGATA TCTTGTAAGG GTTCTGGTTA CTCATTCAGT
GGTTAGTACA TGCAGTGGGT CAAGCAGAGE CATGGAAAGA GGCTTGAGTG
GATTGGATAT ATTAGTGGTT ATAATGGTGA TACTAGGTAT AATCAGAAGT
TCAGGGGCAA GGCCACATTT ATTGTAGACA TATCCTCCAG GACAGCCTAC
ATGCAGTTCA ACAGCCTGAC ATGTGAAGAC TCTGCGGTCT ATTACTGTGC
AAGAGGGGGT TACTACGGCT ACGTGGACTA CTGGGGCCAA GGCACCACET
TCACAGTCTG CTCCGGAGGT GGTGGATCCE ATATCAAACT GCAGCAGTCA
GBEGGCTGAAC TGGCAAGAGS TEGGGCCTCA GTGAAGATGT COTGCAAGAG
TTCTGBCTAC ACCTITACTA GGTACACGAT GCACTGGGTA AAACAGAGGC
CTGBACAGGG TCTGGAATGG ATTGGATACA TTAATCCTAG CCGTGGTTAT
ACTAATTACA ATCAGAAGTT CAAGGACAAG GCCACATTGA CTACAGAGAA
ATCCTCCAGC ACAGCCTACA TGCAACTGAG CAGCCTGACA TCTGAGGACT
CTGCAGTCTA TTACTGTGCA AGATATTATG ATGATCATTA CTGCGTTGAC
TACTGOGECC AAGGCACCAC TCTCACAGTC TCCTCAGTCG AAGGTGGAAG
TGGAGGTTCT GOTEEAAGTG GAGGTTCAGG TGBAGTCGAC GACATTCAGC
TGACCCAGTC TGCAGGAATG ATGTCTGCAT CTCCAGGGGA GAAGGTCACC
ATGACCTGCA GAGCCAGTTC AAGTGTAAGT TACATGAACT GGTACCAGCA
GAAGTCAGGC ACCTCCCCCA ABAGATGGAT TTATGACACA TCCAAAGTGG
CTICTGGAGT CCCTTATOGG TTCAGTGGCA GIGGGTCTGG GACCTCATAC
TCTCTCACAA TCAGGAGCAT GGAGGCTGAA GATGCTGCCA CTTATTACTG
GCAACAGTGG AGTAGTAALC GGCTCACGTT CGGTGCTGGE ACCAAGCTGE
AGCTGAAACA TCATCACCAT CATCATTAGT CGAC

and the following amino acld sequence (SEQ IR NO: 22)

DIVMTQTPLT LSVTIGAPAS LSCKSSQSLL DSDGKTYLNW LLORPGQSPK
RLSLVSKLD SGVPDRFTGS GSGTDFTLKI SRVEAEDLGY YYCWQGTHLP
WTFGGGTKLE [KRGGGGHGE GGSGEGGSAY ALQOSGPELY KTGASVKISC
KGSGYSFSGY YMHWVKQSHG KRLEWIGYIS GYNGDTRYNQ KFRGKATFIV
DISSRTAYMQ FNSLTSEDSA VYYCARGGYY GYVDYWGQRGT TLTVBSGGGS
SDKLQOSGA ELARPGASVK MSCKTSGYTF TRYTMHWVYKG RPGQGLEWIG
YINPSRGYTN  YNOKFKDKAT LTTOKSSSTA YMQLSSLTSE DSAVYYCARY
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YRDOHYCLOYW GQGTTLTVSES VEGGSGGSGE SGGSGGVDDI QLTQSPAIMS
ASPGEKVTMT CRASSSVSYM NWYQQKSGTS PKRWIYDTSK VASGYPYRFS
G3GBGTEYSL TISSMEAEDA ATYYCQOWSS NPLTFGAGTK LELKHHHHHH

Transfected CHO cells were cultivated in serum-free medium and Wue-1xCD3 was
harvested from the supematant. Wue-1xCD3 was purfied from the suparnatant in a
three step purification, starting with cation exchange chromatography, followed by
immobilized metal affinity chromatography (IMAC) and geffiltration. The purity of the
isolated protein was >85% as determined by S05-PAGE {not shown). Under the
ronditions applied, the molecule appears in its monomeric form about 54 kD. The
final yield of purified protein was ca. 2.5 mg /! | cell culiure supematant. All
chromatography steps were performed on a Akta FPLC System (Fharmacia). All
chemicals were of research grade and purchased from Sigma (Deisenhofen) or
Merck {Darmstadt}.

A bispecific Wue-1 artibody mediates efficient antibody-dependent mediated
cellular cytotoxicily in patient samples

Peripheral  blood mononuclear cells  (PBMC) were gsnerated by Ficoll
(Seromed/Biochrom, Germany) density gradient centrifugation and stimulated with
PHA (1pg/ml) and IL-2 (60WmI}. PBMC were culiured with RPMI, 20% FCS
(Seromed/Biochrom, Germany), penicillin/streptomycin and pyruvate {both Life
Technologies, Germany). Patient cells were taken from routine diagnostic specimen
after informed consent of the patients and approval by the local ethics commitae.
Preparation of primary myeloma cells was according to standard procedures.
Briefly, mononuclear cells from bene marrow aspirates of muliiple myeloma patients
were separated by Ficoll density gradient centrifugation and incubated for 15 min
with anti-CD138 coated magnetic beads (Milteny! Biotec, Germany) at 4°C.
Separation of CO138+ cells was carried out in a MACS device (Miltenyi Biotec,
Germany) according to the manufacturer's instructions. After purification 70-90% of
the cells were CD138+ (data nat shown). Patient cells were taken from rouiine
diagnostic specimen after informed consent of the patients and approval by the local
athics commitee. Antibody-mediated cetiular cytotoxicity (ADCC) was determined by
flow-cytomedry. Enriched multiple myeloma cells were labelled with the PKH-26 dye
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(Sigma} according to the manufacturers instructions and cultired with PEMCs,
antibody and 2ng/ml-IL-6 (PepraTech, Germany). Upon the according incubation
time cells were washed with PBS and stained with Propidiuriodine (P1) (2. Sugirol).
Analysis was performed on a “Facscalibur® flow cytometer using the "Cell-Quest”
software (both Becton Dickinson, Germany). The fraction of living myeloma cells
were positive for the PKH-26 dye (measured in FL-2} and nagative for Pl measured
in FL-3). Dead multiple myeloma cells were positive for both, PKH-26 and PI.
PBMCs were negative for PKH-26. Specific cyloloxicity was calculated as 100 x (1-
{viable multiple myeloma calls in test sample / number of viable multiple mysloma
cells in 17-1AxCD3 control samples). Assay was stopped after 6 days or if medium
colaur tumed from red 1o yellowish.

Ag shown in Figures 3 and 4, multiple myeloma samples were incubated with
PBMCs pre- stimulated with PHA/IL-2. In 6 experiments it was possible to obtain
autologous peripheral blood samples from the bone marrow donors, and 5
experiments were performed using allogeneic PBMCs from heallhy donors. No
significant  difference was found between samples containing autalogous or
allogeneic PBMCs. Specificity of the kil was controlfed by incubation with a
bispecific antibody 17-AxCD3 that binds tn an epithelial surface antigen not present
on plasma ceks. Figure three shows a representative experimant displaying PKH-26
staining in the x-axis and propidium iodide in the y-axis. Wue-1xCD2 shows a
significant shift of PKH-26 labeted multiple myeloma cells from Pl negative fo Pl
positive indicative for cell fysis. Fig 4 shows the specific lysis of multiple myeloma
cells as a function of antibody concentration.
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Clalms

An antibody characletized in that the variable region {Fw({l)} of at least one of
its light chains {L-chain) has at least ane of the following amino acid
sequences or a part thereof:

DIVMTATPLTLSVTIGQPASLSC (FW-1; SEQ ID NC: 1)
KSSASLLDSDGKTYLN (CDR-1, SEQ ID N, 2)
WLLGRPGQRSPKRLIS (FW-2; SEG ID NO: 3)

LVSKLDS (CDR-2: SEQ ID NO: 4)
GVPDRFTGSGSGTDFTLKISRVEAEDLGVYYG (FW-3; SEQ ID NO: 5)
WQGTHLPWT (CDR-3; SEQ ID NG: 6) and/or
FGEGTKLEIKR (FW-4; SEQ D NO: 7)

and/or the variable region (Fw(H)) of at least ang of its heavy chains (H-chain)
possesses at least one of the foliowing amino acid sequences or a part
thereof:

QVOLOASGPELVKTGASVKISCKGSGYSFS (FW-1, SEQ ID NO: 83,
GYYMH (GDR-1; SEG 1D NO: &}

WVKQSHGKRLEWIG (FW-2; SEQ ID NO: 10)
YISGYNGDTRYNQKFRG (COR-2; SEQ ID NO: 11)
KATFIVDISSRTAYMQFNSLTSEDSAVYYCAR (FW-3; SEQ 10 NO: 12)
GGYYGYVDY (CDR-3; SEQ 1D NO: 13) andfar

WEQGTTLTVSS (FW-4; SEQ IR NG: 14).

An antibody, characterized in that it is encoded by a gene which contains the
following nuclectide sequence or a part thereof for at least one of its light
chains (L-chain):

gaagoacgeg  tagatategt  gaigacccaa  aciocacica  cofitgteggt  taccatigga
caaceagocl coctelcttg casgicaagt cagagecict tagatahtga tggaaagaca tattigaati
ggtigitaca gaggoeagye caglefecaa agogectaat cicloiggty fetaaatiyy actelggagt
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coctgacaga  Heaclggea  giggatcagg  gacagatitc  acacigaaas  toagoagagt
ggaggclgag gatttgggag tetattallg ctggeaaggt acacatetic cgiggacait eggtggagge
acsaagotgg asatcaaacy ggetgatgel geageegetg gateeatett ¢

and/ar which contains the following nucleotide sequences or a part thereof for
&l least one of its heavy chains (H-chain):

cgccatggee  gogogalios  ggovatggeg  caggtgoage  fgcageagic  tggaccoigag
ctagtgaaga ctggggctic agtgaagala ictigtaagg gttctggtta ctcaficagt ggttactaca
gcactgggt caageagage catggaaaga ggcltgagly gattggatat attagipgit ataatggtga
tactaggtat =aatcagaagt icaggggcoaa ggecacatft attgiagaca  fafcctcoag
gacagcctac  atgcagtica acapocitgac  atclgaagac  iclgeggtct attactgige
aagagggggt factacgget acgfggacta ciggggeraa ggoascaccs  loacagtotc
cicagccaaa acgacaccea agettgieta lecactggec cotggtaate actgtycgge cgecy

The antibody of claims 1 or 2, characterized in that it is an immunoglobusin G.

The antibody of any ane of claims 1 to 3, characterized in that both light chains
andfer both heavy chains have the same aming acid sequence.

The antibody of any ane of claims 1 to 4 which is produced by the hybridoma
cell line DSM ACC 2441.

The antibody of any one of clakms 1 to 4, characterized in that the anfibody is a
multifunctional antibody.

The antibody of any one of ¢laims 1 to 6, characlerized in that it is an antibody
conjugate with prateins, such as toxins or cylokines or antibody fragments or

anzymes, or with hormpnes, fluarescent dyes, bietin andfor radicisofopes.

The antibody according to anyone of he preceding claims, characterized in
that it is a fusion profein with texins, enzymes, cyiokines and/or hormones.
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11.
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13.

55

A nucleotide sequence coding for an antibody, characterized in that it contains
the following nucleotide sequence or a part theracf:

gaagacgoy  tagalaicgt  galgaccoaa  actccactos  ctitgteggt  taccatigga
caaccaguct coctotetiy caagicaagt cagagectct tagatahlga tggaaagaca tafttgaatt
gattgttaca gaggcsaggs caglotoaa agegocizat cictelggly tetaaatigg acictggagt
coctgacaga  ficactggea  glggalcagn gacegatilc  acactgsaaa  tcagoagagt
ggaggcigag gatitgggag tolattatiy ctggoaaggt acacateite cgtggacatt cggiggagye
accaagetgy asalcasacy ggetgatget goggeegetg gatecatett ¢

and/or the following nucleotide sequence or a part thereof

cgecatggee  gogogadtcs  ggoeatggeg  cagglgsage  tgcagoaglc  tggaccigag
ctagigaaga ctgggacttc agtgaagata {ctigtaagg gtictggtta cteattcagt gghtactaca
tgcacigygt caagoagage calygaaaga gyctigagty gattngatat attagingtt ataatggtga
tactaggtat aalcagaagt icaggggeaa ggccacaltt atiglagaca  tatcctocag
gacagectac  atgeagtica  acagectgac  atclgaagac  tefgoggiet  attacigtge
aagaggggut tactacgget  acqtggacta clggggocaa ggoaccacce  feacagteic
citagecaaa acgacaccea agettgleta tecactggoe cotggtaate actgigogge cgeog

A nucleaotide sequence enceding at least a variable region of an antibody as
defined in any one of claims 1 10 9, '

A vector comprising the nucleolide sequence of claim 9 ar 10, wherein said
veclor comprises, optionally, in combination with the nuclestide sequence of
claim 10 the variable region of the other immunoglobulin chain of said
antibody.

A host cell comprising a nucleotide sequence of claim 9 ar 10 or comprising
the vector of claim 11.

A conlinuous, stable antibody-producing cell line which is capable of producing
an antibody as defined in any one of claims 1 to 10,
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14,

15.

18.

18,

20.

21,

56

The cell line of claim 13, wherein said cell line is a hybridoma cell line,
preferably the hybridoma cell line having the deposit number DSM AGC 2441.

A method for preparing an antibody directed against plasma cells,
characterized in that an animal is immunized with B-cells of the plasma csll
dijfferentiation line up to angd including the iymphoplasmacytoid cell stage and
the prepared antibody is isolated in a conventional manner frem the blood of
the animal.

A method for preparing an antibody capable of recognizing plasma cells or a

functional fragment or derivative thereof comprising

(a) culturing the cell of claim 12, 13 or 14; and

(b) isolating said antibody, functional fragment or an immuneglobulin chain(s)
thereof from the culture.

An antigen, characterized in that it binds to and/or is recognized by an
antibody according to any one of claims 1 to 8.

The antigen of claim 17, charactenized in thal it is presentad by human plasma
cells on their surface and has a molecular weight of about 94 kD or of about 55
KD. ’

An epitape of the antigen of claim 18,

An anlibody, characterized In that it binds andfor recognizes an antigen or an
epitope according to any one of claims 17 to 19,

A nucleotide sequance encnding at least ong variable region of the antibody of
claim 20.

SUBSTITUTE SHEET (RULE 25}

JP 2004-500070 A 2004.1.8



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

97)

WO 01747953 PCT/EPODAIZIN

22.

23.

24,

25.

26.

27.

28.

29,

57

An antibody, fragment or derivative thereof or an immunoglobulin chain
encoded by the nucleotide sequence of claim 10, 11 or 21 or abtainable by the
method of claim 15 or 16,

A method for proparng an antibody directed  against plasma  cells,
characterized in that an animal ls immunized with an antigen ar an epitope of
any ong of claims 17 or 19 and the antibody formed is isolated from the blood
of the animal in a conventional manner.

The methad for preparing anfibodies of claims 15 or 16, characterized in that
the cells of the immunized animal are used o produce a cell line in a
conventional manner which produces this antibody as a monoclonal antibody,
in that this cell line is cultured and the antibody produced is isolated,

The use of an antibady of any one of claims 1 to 9, 2G or 22 for identifying the
corresponding antigen.

The use of an antibody of any one of claims 1 te 9, 20 or 22 for specifically

labeling plasma cells.

The use of an antibody of any one of claims 1 10 9, 20 or 22 for the subsequent
preparation of additicnal antibodiss which label plasma cells.

A single-chain multifunciional polypeptide comprising

{a} a first domain comprising a hinding side of an antibody or an
immuneglobulin as defined in any one of claims 1 t0 9, 20 or 22; and

{b} a second domain comprising a binding side of an immunoglobulin chain
or an antibody specifically recognizing the CD3 antigen.

The polypeptide of clim 28, whersin said domains are cornected by a
polypeptide linker.
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31.

32,

33

34,

35.

34.

37.

38.

39.

49,

58
The polypeptide of claim 28 or 29, wherein said first andfor said second

domain mimic or corraspond to a Vi and a V,_region from a natural antibody.

The polypeptide of any one of claims 28 to 30, wherein said antibody is &
menoclanal amtibody, & synthetic antibody, a chimeric antibody or a humanized
antibady.

The polypeptide of any one of claims 28 to 31, wherein said domain is a
single-chain fragment of the vanabie region of the antibody.

The polypeptide of any cne of claims 28 to 32 that is a hispecific single-chain
antibody. '

The polypeptide of any one of claims 28 1o 33 encoded by the nucleic acid
molecule as depicted in SEQ |D NG: 21,

The polypeptide of any one of claims 28 to 33 comprising the amino acid
sequenge as depicted in SEQ 1D NO: 22,

A polynucleotide which upon expression encodes a polypeptide of any one of
claims 2B to 35.

A vector comprising the polypeptide of claim 36.
A cell transfectad with thea polynucieotide of claim 36 or the vector of claim 37.

A composition comprising the antibody of any ong of claims 1 to @, 20 or 22 or
a functional fragment or derivative thereof, the muliifunctional polypeptide of
any ona of claims 286 in 35, the nucleotide sequence/polynucieotide of any one
of claims 10, 11, 21 or 36, the vector of claim 37, the cell of ¢laim 12 or 38.

The composition of claim 32 which is a pharmaceutical composition optionally
further comprising a pharmaceutically acceptable carrier,
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41,

42

43

44,

59

The composition of claim 38 which is & diagnostic composition optionally
further comprising suitable_means of detection.

The use of an antibady of any one of claims 1 to 8, 20 or 22, the
multifunctionial polypeptide of any one of claims 28 to 35, the nucleotide
sequence/polynucleotide of any one of claims 10, 11, 21 or 36, the vacior of
claim 37, tha cell of claim 12 or 38 for trealing autoimmune diseases and/or
tumors, for instance multiple myslomas, lymphomas andfor plasmocyiomas,

The use of an antibody of any one of claims 1 to 9, 20 or 22, the
multifunctionat polypeptide of any one of claims 28 to 35, the nucleotide
sequence/polynucleotide of any one of claime 10, 11, 21 or 36, the vector of
claim 37, the cell of claim 12 or 38 for preparing a pharmaceutical for the
treatment of autoimmune diseases, lumors, for instance multiple myeiomas
andfor lymphomas.

A kit comprising the antibody of any one of claims 1 10 8, 20 or 22, ar a
functional fragment or derivative thereof, the antigen of claim 17 or 18, the
epitope of claim 19, the muliifunctional polypeptide of any one of clalms 28 o
35, the nucleotide sequence/palynuclectide of any one of claims 10, 11, 21 or
36, the vector of elaim 37, tha sall of cleim 12 or 36.
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SEQUERCE LISTING

<110» PFrof. Ur. HMiller-Hermelink, Rans Konrad
Tr. Greiner, Bxel

<120> Intlbodies against plasna cells
«130» 3 2315 ZCT

<140> DE 193 62 »B3.2
<141> 1988-12-23

<160> 232

<170> Patsntin Var, 2.1
<210 1

<21 22

<212x PRT

<213 hybrid

00> 1
>

5
1 s 10

=ln Fro Ala Ser Leu Ser Cys
ac

<ELDE 2
211> 16
«<222> ERT
<213 hybrid

<4B0> 2

(106) JP 2004-500070 A 2004.1.8

PCT/EPNO/13238

Ilec Val Met Thr €ln Thr Prc Lev Thr Leuw Ser Val Thr Ile Gly
5 15

Lys Sex Ser Gln Ser Leua Leu Asp Ber hsp Giy Lys Thr Tyr Leu Bsn
" E 1c

z Bl

<210 3
=211> 15
<zl?>» PRI
<213» hybzid

<A00% 3

Trp Lew Leu Gln Arg Pro Gly G1ln Ser 2ro Lys Arg Lau Ile Ser
‘ 3 15

z 1%

Nyloric

<4005 4
Leu Val Ser Lys Len Asp Ser
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2iF

<21E» 5
<Zil> 32
<22y PRT
<213 hybzid

<400> 5§
Gly Val Pro Asp Arg Fhe Thr Gly Ser Cly Ser Gly Th: Asp Phe Tao
1 e 10 i3

Leu Lys Tle Sex Prg Val Glu Ala Glu Bsp Zou Sly Val Tyr Tyr Cys
20 25 30

]

9

BRT
«213>» hybrid

400> &
Trp Gln iy 'hr Bis Lea Pro Trp Thr
2 =l

<210» 7
<ALIn 11
<212= PRT
<213 hybrid

<4no» 7
Phe Gly Gly G.y Thr Lys liew Glu Ile Lys Rrg
1 5 o

210> 8
<211 30
<LLRx PRT
<215 hybrid

<400 §
Glp Val 6ln Leu 5:n Gln Ser Gly Pro Glu Zeu Val Lys Thr Ely Rla
1 5 e 15

Sur Val Lys Ile Ser (vs Lys GLy Sar Gly Tyr Ser Zho Sar
20 25 30

«210> 9
<211> &
212> PRY
<213 hybrid

<400 9
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37
Gly Tyr Tyr Met His
1 3

<210> 10
<211x 4
<212» PRT
<ZL3» hybrid

<406 10
Trp Val Lys Gln Ser Eis Gly Lys Arg Low Glu Trp Ile Gly
o s

5

<200 1.
<211x 17
<212 FRT
£213» kybrid

<400> 11
Tyx 1le Sax Gly 'I'yr fhsan Gly Asn Thr Arg
= 5 i

ivr #sn Gln Lys Fhe Arg
15

Ely

<2102 12
<Zl1» 32
<212% BRT
<213 aybrid

<400> 1%
Lys Bla Thr Fhe Ile ¥al Asp Tle Ber Ser Arg Thr Ala Tyr et Gln
1 5 15 1=

Fhe Bsn Ser Lew Thr Ser Glu Asp Ser Ala Val Tyr Tyr Cys Ala BArg
a0 25 EL]

<210» 13
<271 6
<212x PRY
<213» bybxid

<400 13
Gly Gly Tyxr Uyr Sly Tyr Val asp Tyr
1 5

<216 14
<2112 11
£212» PRT
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<213> hybrid

<409> 14

417

Trp Gly Gln Gly Thr Thr Leu “hr val Ser Ser

1 B

<Z1la- 1
“2L1>
<212
<212 Ty

<403 15
gaagcecgog tagatategt
caacgacoot coctololig
tatttgaatt ggtigitaca
tetazatbgy actctagagh
szactgsass
acacakottc
geggongaty

<210» 18

445
TR
hyorid

: gogggeticw
cuagtgaaga ctgggoaotic
ggttactaca tgeactggot
attagtogtt alaziggiga
attatagaca tatcoctooag
totgoggtet
gooacoanes
coctygghaate

<21C> 17
<ZEL» 4D
«212> Dua

gatgacooaa
caagtcaagt
gaggeranne
cochgacaga
ggaggetgag
cggtggsgge

o

ggocatggcg
agtgargata
cangeagage
Lactaggtat
gacagocisc

C aagagygagt

ctezgecaaa
gy

<2173 Artificizl Ceguence

220>
<223 Descri
ratuzal oxigin

<EQ0- 27

)

actaeactoa
cagajzoctet

aciggeoa
gatttgggag
accaagelyg

caggtgoags
“ekigtaegg
catggasaga
zatcsgaagt
atgoegtlca
Tastacggot
zogacacena

Lon of Rrtificial Sequance: synbhetic

ctacaggbon acasteagat atoghigatga coeasaacioo

18
ES
<212> THEA

%213» Artificia! Seguéenca

sittabeogt
tagatahtga
agegortaat
gtggatoagg
tokattatty
aaztoaaacy

tgezgaagte
gthotgglia
geetioagtyg
toagyrgesa
scagoetyac
SogTygacta
agettoiota
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taccattgga

tozgaaagaca 1
chototgaty L
gacagattte 2

ctygoaagys
egctgatget

tggacen
choattoag
gatigeatat
guacanatt
aletgaagac
ctyggggecaa
tacactggasn

nry

ai}

T 120

150
240
300
380
420
455

40
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<400> 18
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tocteckacg gagosgongs cgocagazce accaccacee cghllgeiil ccagettggt 60

g

<21
2Z1l1l»
<212
<21

cial Seguence

<220
<723> Loscription of Ariificial Sequance:r synthetic,
aaTural origin

423> 19
ggcggetecy gaggagygaga totoaagtoc agobgongoa ghotog

ATtificial Seguence

<220>
<223» Description of Artificial Sequemece: synthotic
nztuzrsl origin

400> 20
cuaccacoie cggagoegan bgtgagggby gtgoen

w210 2]

«211> 1574

<212> DNA

<213» Artificial Seguence

<R2Z0%
w223 Description of Artifi
natural origin

al Sequence: synthstic,

<400> 21

53
ne

48
a0

35
wo

gaaticacea tgggatggag clataleubc ctcttcttgy tzgeaacage tacaogtgta 60

casteegata tegtaatgse coaaactoca oloaclilgt cggttaccat “ggs
gechooohot citgeaagte aagtcagage ctottagata gtgstggaaa gaced

sacca 120
Likg 180

aatiggbtut tacaguggec aggocegtct ccamagegoe taatctotcot ggobgbetaaa 240

ttggactotg gaghonctyga vagattcact
aanatcagoa gaghggaggc tgaggetttg ggegh

ggcagigeat cagggacagz Lt
att attoctggea aggtacaca: 360

cacty 300

cttecghbgga catteggtgg aggo aag cteggazatca 2acggggtog fggtaghict 420
GGogycggey gotoecggagg aggaggateot caggtgeage tgeoagoegte Lyggacotyag 480

gtgaaga ctggggetlc agigaagats toitgtaagg gttctggtta cteatboagh 549
actaca tgeactgogt caageagage catgysaags ggoilgagty gattggatat 600
4tiagbgott atastggytge tactagytas aatcagaagt teaggageas googzcatit 660

attglagaca tatcectocasg gacagochac atgoagttes acagectgac atctgaagas 720
tetgeogiot attactotuc aagagsggsgh tactsceggot acghtygackta ctygaggoczz 720
ggcaccacee toacagteke ctecggaggt ggtggatocy atatcaaact goaycaghtoca B47
cuggcigaac tgycasgacc kggggoctca gtgazgatgh cotgraagas ttotggotac 900
acctitacts ggtacacgat geactgggla aascagagge chgyscaggg totggaabgg 980

attggataca ttaatc

ag cogtggitat actamtiaca atomgeaght caaggacazn 1020

geeacakiga ckacagacaas atcckocage acagoctaca ifgcamcigay cagoctgace 1GR0
tetgeggect chycagteta ttactghgea agatarttatg atgataatta ctgooligee 1140
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tactogages
gl oganaty
etgtetgoat
tacatga
tecaaagtygy
Lelbebcacas
agtagraage
cateattagt

210>
211>
<21Zx
«213>

<400
Asp Ilo Val ®

1

Gla

Gl
Sar
14%

Tyc

Arg

Het

Rlz
225

Fro

Gly

- Bry

his

Val
130

Val

Met

Gly

Gln
210

Rrg

22

500
BRT
aybrid

22

sl

Blw

Lt
Py

nrg

Ehe

Val

ARGFCDoCAn
sagoticagy
CLooRgdyga
ggtacecagca
crlelggngt
lezgrageat
cgrteacytl

agac

Ser

20

Thy

Lo ¥

Tlex

Lau 2r

Sly
115

Bis U

Ilc

Lys
185

Phe

HEA-

Ile

Th
Twenn

Tyr

Gly

Gln

Gln Thr

Ser Cys
Tall Asn

8ar Leu
S5

Ser Gly

1%
Glu Asp
Thr Fhe
Ser Glv

GIn Ber
135

Cys Lys
1L

Lys Gin
Tyr Ran

Phe Ile

Lew Thr
215

r Tyr Gly

230

totoacaghc
tggagtogae
gaaggtcace

ggsggetgaa
cQUiyTigag

Trp
43

Val

Gly
izn

Gly

&7

tochoagtog

gacattoago

atqacclgea
1 acehoes
o Bteagtggea
gatgotgoca

w

accazgolgg

Lenx

= Ser

Sex

Gly

Gly

foGly

105

Gly

His

Asp
i33

L

vE
Thr
Val

93
Gly

Gly

Glu

- Gy

Gly
179
Tl

e

ARy

Leu

Gln

Sln

Thr

Ser

Leu

Tyr

158

Lys

Rrg

Ber

Tyr
235

asqutgyaay
tgacccagte
sagocagtte
adagatggut
gtgggtcigg
cttattaotq
agetgaaaca

Ser Val lhr

Ber leu lea

arg Pro Sly
(4]

Asp Eer Giy
60

Phe Th: Jmeu

Tyr Cys Trp

Lys Leu Flu

Gly Gly Gly
125

val Lys Thr
140

Arg Leu Glu

Sexr Arg Thr
205

Ala Val Tyr
zzd

Trp Gly Gln
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tygagotto:
toeageaate
angtgtazgt
ttatgaczeca
gaccicalar
sorAcaggy
teateasaas

Rsp Ser

Gln Ser

Wel Rru

Lys Ile
o

Gly Ala
Gly Tyr
160

Trg ¥le
175

Tiya Phe

Tyr Cys

Gly Thr
24¢

lzo0
1260
1320
1380
1440
1500
ise0
1574
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Thi Leu T

Gln Sex

Cys Lys

Lys Glin
25t

Sax Rrg
305

Lew Thr

Awp las T

Gly Gy
235

Ala Sar

Vel Ser

450

Mat
465

Az Pro

747

Thr
27%

Arg ©

Yal

Ile
435

sly

i=u

His

c Vel

Ala
260

ser

Tyr

Azp

Glu
340

ASp

Gly

Met
L2

His
500

Ser
245

Glu

Lys
325

Asp

s Leu

Gly

Glu
405

Rzn

Fhe
485

Tyr

Gl &)
2

- Asn

30

Sexr

Gly

s Tla

390

o
i
=

rla

Thi

Tyr

Ser

Gly
Arg
Roe
280

Lev

Asn

Lys
440

Thr

Gly
Fro
265
Tor

Glu

Gun

aly 3

Tor

Mat

Gla

425

Yal

¥z

Thr

T
Gly
250
Gly
Arg
Tro

Lys

Ala
330

= Tyr
5

Gin

Lys
132

Ber
Ala

Tyr

Fre
315
Cws
Giy
Gly
Ser

r
Cys
Ber

Ber

Tar

cly

3en

Lys

et

nla

Thr

cly

360

Fro

- Leu
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Iercational Appicaton no, PCTEP 00 43238

FURTHER INFORMATION CONTINUED FROM  PCTASA! 210

Continuation of Box I.2

Claims Nos.: 17-21, 23

Present claims 1-8, 10-14, 16, 22, 24-44 relate to an extremely largs
number of passible compounds and related methods and compositions

Support within the meaning of Article & PCT and/or disclasure within the
meaning of Article 5 FCT is to be found, however, far only a very small
preportion of the compounds, methods and compositions claimed. In the
present case, the clafms so lack suppert, and the application so lacks
disclosure, that a meaningful search over the whele of the claimed scope
is impossible. Consequently, the search haz been carried out for these
parts of the claims which appear to be supported and disclosed, namely
those parts relating to the compounds, defined as antibodies
characterized by a variable region of 1ts light chaim (Fw(L}) having an
aminoacid sequence as the total of seqs. 1 to 7, and/or a variable region
of 1ts heavy chain (Fw(H)) having an aminoacid sequence as the total of
seqs. 8-14 {see pages 37-38). nucleotide sequences emcoding said variable
light and heavy regions defined as seq.id.nos.15 and 16 respectively (see
pages 38-39}; multifunctional singie-chain polypeptides encoded by
nucleic acid sequences as set forth 1n seq.1d.nos.2l and 22.

Further, claims 17-21 and 23 relate to a compound defined by reference to
a desirable characteristic or praperty, namely the compound is defined as
an antigen having the abilfty to be recognized by or it binds an antibody
according to any ¢ne of claims 1-8, being presented by by human plasma
cells on their surface, having a molscular weight of akbout 94 kD or of
about 55 kD, an epitope of said antigen, and further antibodies able to
binpd said antigen.

Sald claims cover &1l compounds having this characteristic or property,
whereas the application prevides support within the meaning of Articie &
PCT and/or disclosure within the meaning of Article 5 PCT for only a very
Timited number of such compounds. In the present case, the claims se lack
support, and the application so Tacks dlsclasure, that a meaningful
search aver the whole of the claimed scope 15 impossibie. Independent of
the above reasoning, the claims alsa lack clarity (Article 6 PCT). 4n
attempt is made to define the compound by reference to a result to be
achieved. Again, this lack of clarity in the present case is such as to
render a meaningful search aver the whole of the claimed scope of claims
17-21 and 23 impossible.

The applicant’s attention 1s drawn to the fact that claims, or parts of
clams, relating to inventions in respect of which ne international
search report has been established need not be the subject of an
international preiiminary examinatfon (Rule 66.1{e) PCT). The applicant
1s advised that the EFQ policy when acting as an Internationa’
Preliminary Examining Authority is ncrmally not to carry out a
preliminary examination on matter which has not been searched. This is
the case irrespective of whether or not the claims are amended following
receipt of the search report or during any Chapter II1 procedure.

JP 2004-500070 A 2004.1.8
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ca 2311574 A1 10-06-1899
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Wo 9928349 £2 10-06-1599
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Al 692074 B2 28-05-1998
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