
Piperidine and Piperazine Derivatives as Autotaxin inhibitors Description
Technical field The present invention relates to piperidine and piperazine
derivatives as autotaxin inhibitors and the use of such compounds for the
treatment and/or prophylaxis of physiological and/or pathophysiological
conditions, which are caused, mediated and/or propagated by increased
lysophosphatic acid levels and/or the activation of autotaxin, in
particular of different cancers. Prior art Autotaxin (ATX) is the enzyme
apparently responsible for increased lysophosphatidic acid (LPA) levels in
ascites and plasma of ovarian cancer patients (Xu et al., Clinical Cancer
Research 1995, 1: 1223; Xu et al.. Biochem. J. 1995, 309: 933), because it
transforms lysophatidylchoHne (LPC) to LPA (Tokumura et al., J. Biol. Chem.
2002, 277: 39436; Umezu-Gozo et al.. J. Biol. Chem. 2002, 158: 227). LPA is
an intracellular lipid mediator, which influences a multiplicity of
biologic and biochemical processes such as smooth muscle contraction,
thrombocyte aggregation and apoptosis (Tigyi et al., Prog. Lipid Res. 2003,
42: 498; Mills et al., Nat. Rev. Cancer 2003, 3: 582; Lynch et al. Prost.
Lipid Med. 2001, 64: 33). Furthermore, LPA is found in increased
concentrations in plasma and ascites fluid of ovarian cancer patients of
early and late phase. LPA has been shown to promote tumor cell
proliferation, survival, migration and invasion into neighboring tissues,
which can result in the formation of metastases (Xu et al., Clinical Cancer
Research 1995, 1: 1223; Xu et al., Biochem. J. 1995, 309: 933). These
biological and pathobiological processes are switched on through the
activation of G-protein coupled receptors by LPA (Contos et al., MoI.
Pharm. 2000, 58: 1188). Increased levels of LPA, altered receptor
expression and altered responses to LPA may contribute to the initiation,
progression or outcome of ovarian cancer.Furthermore, LPA is potentially
also involved in prostate, breast, melanoma, head and neck, bowel and
thyroid cancers. For all these reasons in the course of treating tumor
patients it is desirable to lower the LPA level. This can be achieved
through the inhibition of enzymes which are involved in LPA biosynthesis,
such as ATX (Sano et al., J. Biol. Chem. 2002, 277: 2 1197; Aoki et al., J.
Biol. Chem. 2003, 277: 48737). ATX belongs to the family of nucleotide
pyrophosphatases and phosphodiesterases (Goding et al., Immunol. Rev. 1998,
161: 11). It represents an important starting point for anti-tumor therapy
(Mills et al. Nat. Rev. Cancer 2003, 3: 582; Goto et al. J. Cell. Biochem.
2004, 92: 1115), since it is increasingly expressed in tumors and effects
tumor cell proliferation and invasion into neighboring tissues both of
which can lead to the formation of metastases (Nam et al. 2000, Oncogene,
Vol. 19 Seite 241 ). In addition, in the course of angiogenesis ATX
together with other anti-angiogenetic factors brings about blood vessel
formation (Nam et al. Cancer Res. 2001, 61: 6938). Angiogenesis is an
important process during tumor growth as it secures supply of the tumor
with nutrients. Therefore, the inhibition of angiogenesis is an important
starting point of cancer and tumor therapy, by means of which the tumor is
to be starved (Folkman, Nature Reviews Drug Discovery 2007, 6: 273-286).
Mutagenesis studies suggest an essential function of the PDE domain of ATX
for LPA generation. Though this particular PDE domain shares little
homology with other known PDEs, it is considered to be druggable by NCEs.
No severe adverse effects are expected for the inhibition of ATX as LPA
involved in wound healing in this context is produced by another pathway.
Since ATX is a relatively novel target, the amount of preclinical data on
protein production, in vitro and in vivo assays is rather limited. No
target-dependent cell model has been described but LPA itself is an
excellent biomarker to follow ATX inhibition in vitro and in vivo. Neither
structural information nor reference compounds are available. Compounds
that are capable of inhibiting ATX are described in Peng et al. (Bioorganic
& Medicinal Chemistry Letters 2007, 17: 1634-1640). The there described
compounds represent lipid analogues, which structurally share no
similarities with the compounds of the present invention.Further prior art
documents are as follows: WO 2002/102380 describes monocyclic or bicyclic
carbocycles and heterocycles as factor Xa inhibitors. The patent
application does not mention the inhibition of autotaxin. WO 2003/097615 is
directed to treatment of fibroproliferative diseases, such as diabetic
neuropathy, involving identifying a non-peptide small molecule, selectively
binding to a transforming growth factor beta kinase receptor and
administering the molecule to subjects. The patent application does not
mention the inhibition of autotaxin. US 2003/0139431 relates to the use of
quinazoline- and quinolino-guanidine derivatives for treating urge
incontinence, pain, memory disorders, endocrine disorders, psychotic
behaviour, diabetes, hypertension and gastrointestinal disorders. The
patent application does not mention the inhibition of autotaxin. WO
2004/099192 describes heterocycle substituted carboxylic acids which can be
used in the treatment of metabolic disorders. The patent application does
not mention the inhibition of autotaxin. WO 2005/003100 deals with the use
of quinazoline derivatives for the treatment of tubulin inhibitor mediated
diseases, such as cancer, autoimmune diseases, autoimmune
lymphoproliferative syndrome, inflammation and viral infections. The patent
application does not mention the inhibition of autotaxin. WO 2006/062972
discloses heterocyclic compounds that function as selective inhibitors of
serine protease enzymes of the coagulation cascade and can be used for the
treatment of arterial cardiovascular thromboembolic disorders,
thromboembolic disorders, unstable angina and acute coronary syndrome. The
patent application does not mention the inhibition of autotaxin. WO
2006/072828 is directed to heteroaromatic quinoline compounds that serve as
PDE inhibitors, in particular PDE10 inhibitors. These compounds can be used
for the treatment of central nervous system disorders, such as psychotic
disorders, anxiety disorders, movement disorders, mood disorders and
neurodegenerative disorders. The patent application does not mention the
inhibition of autotaxin. WO 2006/074147 describes 4-arylamino-quinazoline
as caspase-3 cascade activators that can be used for the treatment of
cancer, autoimmune diseases,autoimmune lymphoproliferative syndrome,
synovial cell hyperplasia, inflammation 



and viral infections. The patent application does not mention the
inhibition of autotaxin. WO 2006/108107 deals with diarylamine derivatives
that are steroid hormone V nuclear receptor modulators and can be used for
the treatment of hypokalemia, hypertension, congestive heart failure, renal
failure, artherosclerosis and obesity. The patent application does not
mention the inhibition of autotaxin. WO 2007/030582 relates to alkyl amine
acompounds as potassium channel 1 function inhibitors that are useful for
the treatment of arrhythmia, atrial fibrillation, atrial flutter,
supraventricular arrhythmias, gastrointestinal disorders, esophagitis and
asthma. The patent application does not mention the inhibition of
autotaxin. WO 2007/076034 describes fused bicyclic arene compounds that
function as hepatitis C virus replication inhibitors and can be used for
the treatment hepatitis C 15 or other viral infections. The patent
application does not mention the inhibition of autotaxin. WO 2007/1 10868
discloses novel heterocyclic compounds that exhibit a dopamine receptor,
preferably D4 receptor, antagonistic activity and/or a PDE5 inhibitory
activity. These compounds can be used for the treatment of descreased
libido, orgasm disorder and erectile dysfunction. The patent application
does not mention the inhibition of autotaxin. WO 2008/060621 is directed to
aminopyrrolidines as chemokine receptor antagonists. The patent application
does not mention the inhibition of autotaxin. 25 WO 2008/091580 relates to
fungicidal amides and methods for controlling plant diseases caused by a
fungal pathogen. The patent application does not mention the inhibition of
autotaxin. The citation of any reference in this application is not an
admission that the reference is relevant prior art to this application. 30
Description of the invention The present invention has the object to
provide novel autotaxin inhibitors. 35The object of the present invention
has surprisingly been solved in one aspect roviding compounds according to
formula (Ia) wherein: W1,W2 together independently form "-N=N-, -C(O)-O-,
-C(O)-S-, -C(O)- N(Re)-, -C(S)-N(R5a)-, -C(O>-C(R6)(R7)-,
-N=C[N(R8)(R9)]-"; Y1 is independently selected from the group consisting
of "-C(O)-, - C(S)-, -S(O) 2- , -N(RIO)-C(O)-, -C(O)-N(RH)-, -OC(O)-,
single bond"; Y2 is independently selected from the group consisting of "-
C(RIa)(RIS)-, -O- -N(R14)-, -C(O)-, -C(O)-NH-, single bond"; Y3 is
independently selected from the group consisting of "-O-, -C(O)-, single
bond"; Z1 is independently selected from the group consisting of "O, S,
N(R1 5)"; L is independently selected from the group consisting of the
group consisting of:-+ -W - - v _ B is independently selected from the
group consisting of "cycloalkyl, heterocyclyl, aryl, heteroaryl", wherein
"cycloalkyl, heterocyclyl, aryl, heteroaryl" can be independently
substituted with one or more identical or different substituents selected
from the group consisting of: "(i) ..hydrogen, alkyl, (C9-C3o)alkyl,
cycloalkyl, cycloalkylalkyl, heterocyclyl, heterocyclylalkyl, aryl,
arylalkyl, heteroaryl, heteroarylalkyl, halogen, -F, -Cl, -Br, -I, -CN, -CF
3, -SF 3, - N3, - NH2, -NHX1, -NX2X3, -NO 2, -OH =O, -OCF 3, -SCF 3, -OCHF
2, - SCHF2, -SH, -0-SO 3H, -OP(O)(OH) 2, -CHO, -COOH, -C(O)NH 2, -SO 3H,
-P(O)(OH) 2, -C(0)-X4, -C(O)O-X5, -C(O)NH-X6, - 3 5 C(O)NX7X8, -0-X9,
-O(-X1 0-O) - H (a = 1, 2, 3, 4, 5), -0(-X1 1-O)b-X12 (b = 1, 2, 3, 4, 5),
-OC(OhXIS -OC(O)-O-XM -OC(O)- NHX15, -0-0(0^X16X17. -OP(O)(OX18)(OX19), -
OSi(X20)(X21)(X22), -OS(O 2)-X23, -NHC(O)-NH 2 -NHC(O)-X24, -NX25C(O)-X26,
-NH-C(O)-O-X27 -NH-C(O)-NH-X28 -NHC( O)-NX29X30, -NX31-C(O)-O-X32
-NX33-C(O)-NH-X34, - NX35-C(O)-NX36X37, -NHS(O 2J-XSe, -NX39S(O 2)-X40
-S-X41, -S(O)-X42, -S(O 2)-X43, -S(O 2)NH-X44, -S(O 2)NX45X46, -
S(O2)O-X47, -P(O)(OX48)(OX49), -Si(X50)(X51)(X52), -C(NH)- NH2, -C(NX53)-NH
2 -C(NH)-NHX54, -C(NH)-NX55X56, - C(NX57)-NHX58, -C(NX59)-NX60X61 ,
-NH-C(O)-NH-O-X62, - NH-C(O)-NX63-O-X64 -NX65-C(O)-NX66-O-X67, -N(-C(0)-
NH-O-X68) 2, -N(-C(O)-NX69-O-X70) 2, -N(-C(O)-NH-O-X71)(- C(O)-NX72-O-X73)
-C(S)-X74 -C(S)-O-X75, -C(S)-NH-X76, - C(S)-NX77X78, -C(O)-NH-O-X79,
-C(O)-NX80-O-X81 , -C(S)- NH-O-X82, -C(S)-NX83-O-X84, -C(O>-NH-NH-X85,
-C(O)-NHNX86X87, -C(O)-NX88-NX89X90, -C( S)-N H-NH-X9 1, -C(S)- NH-NX92X93,
-C(S)-NX94-NX95X96, -C(O)-C(O)-O-X97, - C(O)-C(O)-NH 2 -C(O)-C(O)-NHX98,
-C(O)-C(O)-NX99X100, - C(S)-C(O)-O-XI 01, -C(O)-C(S)-O-XI 02,
-C(S)-C(S)-O-XIOS, - C(S)-C(O)-NH 2, -C(S)-C(O)-NHXI 04, -C(S)-C(O)-NXI
05X1 06, - C(S)-C(S)-NH 2, -C(S)-C(S)-NHXI 07, -C(S)-C(S)-NXI 08X1 09, -
C(O)-C(S)-NH 2, -C(O)-C(S)-NHXI I O -C(O)-C(S)-NXI 11X1 12"; wherein X 1,
X2, X3, X4, X5, X6, X7, X8, X9, X10, X 11, X12, X13, X 14, X 15, X 16, X
17, X 18, X 19, X20, X21 , X22, X23, X24, X25, X26, X27, X28, X29, X30, X31
, X32, X33, X34, X35, X36. X37, X38, X39, X40, X41 , X42, X43, X44, X45,
X46, X47, X48, X49, X50, X51 , X52, X53, X54, X55, X56, X57, X58, X59, X60,
X61, X62, X63, X64, X65, X66, X67, X68, X69, X70, X71 , X72, X73, X74, X75,
X76, X77, X78, X79, X80, X81, X82, X83, X84, X85, X86, X87, X88, X89, X90,
X91 , X92, X93, X94, X95, X96, X97, X98, X99, X 100, X 10 1. X 102, X 103,
X104, X105, X106, X107, X108, X109, X 110, X 111, X 112 are independently
from each other selected from the group consisting of: ,,alkyl,
(C9-C30)alkyl, cycloalkyl, cycloalkylalkyl, heterocyclyl,
heterocyclylalkyl, aryl, arylalkyl, heteroaryl, heteroarylalkyl" and
wherein alternatively X7, X8 and/or X 16, X 17 and/or X29, X30 and/orX36,
X37 and/or X45, X46 and/or X55, X56 and/or X60, X61 and/or 



X77, X78 and/or X86, X87 and/or X89, X90 and/or X92, X93 and/or X95, X96
and/or X99, X100 and/or X105, X106 and/or X108, X109 and/or X 111, X 112
respectively together can also form ,,heterocyclyl"; wherein optionally
above substituents of substituents group (i) can in turn independently from
each other be substituted with one or more identical or different
substituents V; R1, R2, R3, R3a, R3b, R4, R4a, R4b, R5, R5a, R6, R7, R8,
R9, R10, R 11, R12, R13, R14, R15 are independently from each other
selected from the group consisting of: "V"; alternatively, R3a and R4a, R3b
and R4b as well as R3 and R4 together can form "cycloalkyl" or
"heterocyclyl"; V is independently selected from the group consisting of:
"(i) ..hydrogen, alkyl, (C9-C3o)alkyl, cycloalkyl, cycloalkylalkyl,
heterocyclyl, heterocyclylalkyl, aryl, arylalkyl, heteroaryl,
heteroarylalkyl, halogen, -F, -Cl, -Br, -I, -CN, -CF 3, -SF 3, - N3, - NH2,
-NHA1 , -NA2A3, -NO 2, -OH, =0, -OCF 3, -SCF 3, -OCHF 2, - SCHF2, -SH,
-0-SO 3H, -OP(O)(OH) 2, -CHO, -COOH, -C(O)NH 2, -SO 3H, -P(O)(OH) 2,
-C(0)-A4, -C(O)O-A5, -C(0)NH-A6, - C(O)NA7A8, -0-A9, -0(-A1 0-O) a- H (a =
1, 2, 3, 4, 5), -O(-A1 1- O)b-A12 (b = 1, 2, 3, 4, 5), -OC(O)-AI 3,
-OC(O)-O-AI 4, -OC(O)- NHA15, -O-C(O)-NA16A17, -OP(O)(OAI 8)(0A1 9), -
OSi(A20)(A21 )(A22), -OS(O 2)-A23, -NHC(O)-NH 2, -NHC(O)-A24,
-NA25C(O)-A26, -NH-C(O)-O-A27, -NH-C(O)-NH-A28, -NHC( O)-NA29A30,
-NA31-C(O)-O-A32. -NA33-C(O)-NH-A34, - NA35-C(O)-NA36A37 >-NHS(O 2)-A38,
-NA39S(O 2)-A40, -S-A41, -S(O)-A42, -S(O 2)-A43, -S(O 2)NH-A44, -S(O
2)NA45A46, - S(O2)O-A47, -P(O)(OA48)(OA49), -Si(A50)(A51 )(A52), -C(NH)-
NH2, -C(NA53)-NH 2, -C(NH)-NHA54, -C(NH)-NA55A56, - C(NA57)-NHA58,
-C(NA59)-NA60A61 . -NH-C(O)-NH-O-A62, - NH-C(O)-NA63-O-A64,
-NA65-C(O)-NA66-O-A67, -N(-C(O)- NH-O-A68) 2, -N(-C(O)-NA69-O-A70) 2,
-N(-C(O)-NH-O-A71)(- C(O>-NA72-O-A73), -C(S)-A74, -C(S)-O-A75,
-C(S)-NH-A76, -C(S)-NA77A78, -C(O)-NH-O-A79, -C(O)-NAeO-O-ASI, -C(S)-
NH-O-A82, -C(S)-NA83-O-A84 I -C(O)-NH-NH-ASS 1-C(O)-NHNA86A87,
-C(O)-NA88-NA89A90, -C(S)-NH-NH-A91, -C(S)- NH-NA92A93, -C(S)-NA94-NA95A96,
-C(O)-C(O)-O-A97, - C(O)-C(O)-NH 2, -C(O)-C(O)-NHA98, -C(O>-C(O)-NA99A1 00,
- C(S)-C(O)-O-AI 01, -C(O)-C(S)-O-AI 02, -C(S)-C(S)-O-AI 03, - C(S)-C(O)-NH
2, -C(S)-C(O)-NHAI 04, -C(S)-C(O)-NAI 05A1 06, - C(S)-C(S)-NH 2,
-C(S)-C(S)-NHAI 07, -C(S)-C(S)-NAI 08A1 09, - C(O)-C(S)-NH 2,
-C(O)-C(S)-NHA1 10, -C(O)-C(S)-NA1 11A 112"; wherein A 1, A2, A3, A4, A5,
A6, A7, A8, A9, A 10, A 11, A 12, A 13, A14, A15, A16, A17, A18, A19, A20,
A21, A22, A23, A24, A25, A26, A27, A28, A29, A30, A31, A32, A33, A34, A35,
A36, A37, A38, A39, A40, A41, A42, A43, A44, A45, A46, A47, A48, A49, A50,
A51, A52, A53, A54, A55, A56, A57, A58, A59, A60, A61, A62, A63, A64, A65,
A66, A67, A68, A69, A70, A71 , A72, A73, A74, A75, A76, A77, A78, A79, A80,
A81, A82, A83, A84, A85, A86, A87, A88, A89, A90, A91, A92, A93, A94, A95,
A96, A97, A98, A99, A100, A101, A102, A103, A104, A105, A106, A107, A108,
A109, A 110, A 111, A 112 are independently from each other selected from
the group consisting of: ,,alkyl, (C9-C3o)alkyl, cycloalkyl,
cycloalkylalkyl, heterocyclyl, heterocyclylalkyl, aryl, arylalkyl,
heteroaryl, heteroarylalkyl" and wherein alternatively A7, A8 and/or A16, A
17 and/or A29, A30 and/or A36, A37 and/or A45, A46 and/or A55, A56 and/or
A60, A61 and/or A77, A78 and/or A86, A87 and/or A89, A90 and/or A92, A93
and/or A95, A96 and/or A99, A 1OO and/or A 105, A 106 and/or A 108, A 109
and/or A 111, A 112 respectively together can also form ,,heterocyclyl";
wherein optionally above substituents of substituents group (i) can in turn
independently from each other be substituted with one or more identical or
different substituents V; m is independently 0, 1, 2, or 3; n is
independently 0, 1, 2, or 3; o is independently 0, 1, 2, or 3;and the
physiologically acceptable salts, derivatives, prodrugs, solvates and
stereoisomers thereof, including mixtures thereof in all ratios. The object
of the present invention has surprisingly been solved in one aspect by
providing compounds according to formula (Ib) wherein: W1,W2 together
independently form "-N=N-, -C(O)-O-, -C(O)-S-, -C(O)- N(RS)-,
-C(O)-C(R6)(R7)-, -N=C[N(R8)(R9)]-"; Y1 is independently selected from the
group consisting of "-C(O)-, - C(S)-, -N(RIO)-C(O)-, -C(O)-N(R1 1)-,
-OC(O)-, single bond"; Y2 is independently selected from the group
consisting of "- C(R12)(R13)-, -O- -N(R14)-, -C(O)-NH-, single bond"; Z1 is
independently selected from the group consisting of "O, S, N(R15)";L is
independently selected from the group consisting of the group consisting
of: 1 - - 1W - 1 Cu> OL > B is independently selected from the group
consisting of "cycloalkyl, heterocyclyl, aryl, heteroaryl", wherein
"cycloalkyl, heterocyclyl, aryl, heteroaryl" can be independently
substituted with one or more identical or different substituents selected
from the group consisting of: "(i) ..hydrogen, alkyl, (C9-C30)alkyl,
cycloalkyl, cycloalkylalkyl, heterocyclyl, heterocyclylalkyl, aryl,
arylalkyl, heteroaryl, heteroarylalkyl, halogen, -F, -Cl, -Br, -I, -CN, -CF
3, - N3, -NH 2, - NHX1 , -NX2X3, -NO 2, -OH, -OCF 3, -SCF 3, -SH, -0-SO 3H,
- OP(O)(OH) 2, -CHO, -COOH, -C(O)NH 2, -SO 3H, -P(O)(OH) 2, - C(0>-X4,
-C(O)O-X5, -C(0)NH-X6, -C(O)NX7X8, -0-X9, -0(- X10-O) a- H (a = 1, 2, 3, 4,
5), -O(-X1 1-O) b-X12 (b = 1, 2, 3, 4, 5), - 



OC(O)-XI 3, -OC(O)-O-XI 4, -OC(O)-NHXI 5, -0-0(0^X16X17, -OP(O)(OXI 8)(0X1
9), -OSi(X20)(X21)(X22), -OS(O 2)-X23, - NHC(O)-NH 2, -NHC(O)-X24,
-NX25C(O)-X26, -NH-C(O)-O-X27, -NH-C(O)-NH-X28, -NH-C(O>-NX29X30,
-NX31-C(O)-O-X32, - NX33-C(O)-NH-X34, -NX35-C(O)-NX36X37 -NHS(O 2)-X38, -
NX39S(O 2)-X40, -S-X41, -S(O)-X42, -8(0 2 4 , -S(O 2)NH-X44, -S(O
2)NX45X46, -S(O 2)O-X47, -P(O)(OX48)(OX49), - Si(X50)(X51)(X52), -C(NH)-NH
2, -C(NX53)-NH 2, -C(NH)-NHX54, -C(NH)-NX55X56, -C(NX57)-NHX58,
-C(NX59)-NX60X61 , -NHC(O}~NH-O-X62 -NH-C(0>-NX63-O-X64 -NX65-C(O)-NX66-
O-X67, -N(-C(O)-NH-O-X68) 2, -N(-C(O)-NX69-O-X70) 2 -N(-
C(O)-NH-O-X71)(-C(O)-NX72-O-X73), -C(S)-X74 -C(S)-OX75, -C(S)-NH-X76,
-C(S)-NX77X78 -C(O>-NH-O-X79, -C(O>- NX80-O-X81 , -C(S)-NH-O-X82,
-C(S)-NX83-O-X84 -C(O)- NH-NH-X85, -C(O)-NH-NX86X87, -C(O)-NX88-NX89X90, -
C(S)-NH-NH-X91, -C(S)-NH-NX92X93 -C(S)-NX94-NX95X96, - C(O)-C(O)-O-X97
-C(O)-C(O)-NH 2, -C(O)-C(O)-NHXgS, -C(O)- C(O)-NX99X100, -C(S)-C(O)-O-XI
01, -C(O)-C(S)-O-XI 02, - 10 C(S)-C(S)-O-XI 03, -C(S)-C(O)-NH 2,
-C(S)-C(O)-NHXI 04, - C(S)-C(O)-NXIOSXIOe, -C(S)-C(S)-NH 2, -C(S)-C(S)-NHXI
07, - C(S)-C(S)-NXI 08X1 09, -C(O)-C(S)-NH 2, -C(O)-C(S)-NHX1 10, -
C(O)-C(S)-NXI 11X1 12"; wherein X1, X2, X3, X4, X5, X6, X7, X8, X9, X10, X
11, X12, X13, 15 X14, X15, X16, X17, X18, X19, X20, X21, X22, X23, X24,
X25, X26, X27, X28, X29, X30, X31, X32, X33, X34, X35, X36, X37, X38, X39,
X40, X41, X42, X43, X44, X45, X46, X47, X48, X49, X50, X51 , X52, X53, X54,
X55, X56, X57, X58, X59, X60, X61, X62, X63, X64, X65, X66, X67, X68, X69,
X70, X71, X72, X73, X74, X75, X76, X77, X78, 2 0 X79, X80, X81 , X82, X83,
X84, X85, X86, X87, X88, X89, X90, X91 , X92, X93, X94, X95, X96, X97, X98,
X99, X100, X101, X102, X103, X104, X105, X106, X107, X108, X109, X 110, X
111, X 112 are independently from each other selected from the group
consisting of: ,,alkyl, (C9-C3o)alkyl, cycloalkyl, cycloalkylalkyl,
heterocyclyl, heterocyclylalkyl, aryl, arylalkyl, heteroaryl,
heteroarylalkyl" and wherein alternatively X7, X8 and/or X16, X17 and/or
X29, X30 and/or X36, X37 and/or X45, X46 and/or X55, X56 and/or X60, X61
and/or X77, X78 and/or X86, X87 and/or X89, X90 and/or X92, X93 and/or X95,
X96 and/or X99, X100 and/or X 105, X106 and/or X 108, X109 o n  and/or X
111, X 112 respectively together can also form ,,heterocyclyl"; wherein
optionally above substituents of substituents group (i) can in turn
independently from each other be substituted with one or more identical or
different substituents V;R1, R2, R3, R4, R5, R6, R7, R8, R9, R10, R11, R12,
R13, R14, R15 are independently from each other selected from the group
consisting of: "V"; V is independently selected from the group consisting
of: "(i) ..hydrogen, alkyl, (C9-C3o)alkyl, cycloalkyl, cycloalkylalkyl,
heterocyclyl, heterocyclylalkyl, aryl, arylalkyl, heteroaryl,
heteroarylalkyl, halogen, - F -Cl, -Br, -I, -CN, -CF 3, - N3, -NH 2, - NHA1
, -NA2A3, -NO 2, -OH, -OCF 3, -SCF 3, -SH, -O-SO 3H, - OP(O)(OH)2, -CHO,
-COOH -C(O)NH 2, -SO 3H -P(O)(OH) 2, -  C(0)-A4, -C(0)0-A5, -C(0)NH-A6,
-C(O)NA7A8, -O-A9, -0(- A 10-O) - H (a = 1, 2, 3, 4, 5), -0(-A11-0) b-A12
(b = 1, 2, 3, 4, 5), - OC(O)-AIS -OC(O)-O-AK -OC(O)-NHAI 5, -0-C(O)-NAI 6A1
7, -OP(O)(OAI 8)(OA1 9), -OSi(A20)(A21)(A22), -OS(O 2)-A23, - NHC(O)-NH 2,
-NHC(O)-A24, -NA25C(O)-A26, -NH-C(O)-O-A27 5 -NH-C(O)-NH-A28,
-NH-C(O)-NA29A30. -NA31-C(O)-O-A32, - NA33-C(O>-NH-A34, -NA35-C(O)-NA36A37,
-NHS(O 2)-A38, - NA39S(O2)-A40, -S-A41, S(O)-A42, -S(O 2)-A43, -S(O
2)NH-A44, -S(O 2)NA45A46, -S(O 2)O-A47, -P(O)(OA48)(OA49), -
Si(A50)(A51)(A52), -C(NH)-NH 2, -C(NA53)-NH 2, -C(NH)-NHA54, 0 -CtNHJ-NA
ddA , -C(NA57)-NHA58 -C(NA59)-NA60A61 , -NHC( O)-NH-O-A62,
-NH-C(O)-NA63-O-A64 -NA65-C(O)-NA66- O-A67, -N^C(O)-NH-O-AGS) 2
-N(-C(O)-NA69-O-A70)2, -N(- C(O)-NH-O-A71)(-C(O)-NA72-O-A73), -C(S)-A74,
-C(S)-OA75, -C(S)-NH-A76, -C(S)-NA77A78, -C(O)-NH-O-A79, -C(O)- 5
NA80-O-A81 , -C(S)-NH-O-A82, -C(S)-NA83-O-A84, -C(O)- NH-NH-A85,
-C(O>-NH-NA86A87, -C(O)-NA88-NA89A90, - C(S)-NH-NH-A91 , -C(S)-NH-NA92A93,
-C(S>-NA94-NA95A96, - C(O)-C(O)-O-A97, -C(O)-C(O)-NH 2, -C(O)-C(O)-NHA98,
-C(O)- C(O)-NA99A100. -C(S)-C(O)-O-AIOI -C(O)-C(S)-O-AI 02, - 0
C(S)-C(S)-O-AI 03, -C(S)-C(O)-NH 2, -C(S)-C(O)-NHAI 04, - C(S)-C(O)-NAI
05A1 06, -C(S)-C(S)-NH 2, -C(S)-C(S)-NHAI 07, - C(S)-C(S)-NAI 08A1 09,
-C(O)-C(S)-NH 2, -C(O)-C(S)-NHA1 10, - C(O)-C(S)-NAI 11A1 12"; 5wherein A1,
A2, A3, A4, A5, A6, A7, A8, A9, A10, A11, A12, A13, A14, A15, A16, A17,
A18, A19, A20, A21, A22, A23, A24, A25, A26, A27, A28, A29, A30, A31, A32,
A33, A34, A35, A36, A37, A38, A39, A40, A41, A42, A43, A44, A45, A46, A47,
A48, A49, A50, A51, A52, A53, A54, A55, A56, A57, A58, A59, A60, A61, A62,
A63, A64, A65, A66, A67, A68, A69, A70, A71, A72, A73, A74, A75, A76, A77,
A78, A79, A80, A81, A82, A83, A84, A85, A86, A87, A88, A89, A90, A91, A92,
A93, A94, A95, A96, A97, A98, A99, A100, A101, A102, A103, A 104, A 105, A
106, A 107, A 108, A 109, A 110, A 111, A 112 are independently from each
other selected from the group consisting of: ,,alkyl, (C9-C30)alkyl,
cycloalkyl, cycloalkylalkyl, heterocyclyl, heterocyclylalkyl, aryl,
arylalkyl, heteroaryl, heteroarylalkyl" and wherein alternatively A7, A8
and/or A16, A17 and/or A29, A30 and/or A36, A37 and/or A45, A46 and/or A55,
A56 and/or A60, A61 and/or A77, A78 and/or A86, A87 and/or A89, A90 and/or
A92, A93 and/or A95, A96 and/or A99, A100 and/or A 105, A106 and/or A 108,
A109 



and/or A 111, A 112 respectively together can also form ,,heterocyclyl";
wherein optionally above substituents of substituents group (i) can in turn
independently from each other be substituted with one or more identical or
different substituents V; n is independently 0, 1, 2, or 3; and the
physiologically acceptable salts, derivatives, prodrugs, solvates and
stereoisomers thereof, including mixtures thereof in all ratios. In a
preferred embodiment, compounds according to formula (II) or (lib) are
provided,wherein according to formulae (Ia) or (Ib) as defined supra: Y2
independently is a single bond; n independently is 2; W1,W2, Yi, Y3, L, Z1,
B, R 1, R2, R3, R4 have the meanings according to formulae (Ia) or (Ib) as
defined supra; and the physiologically acceptable salts, derivatives,
prodrugs, solvates and stereoisomers thereof, including mixtures thereof in
all ratios. In a preferred embodiment, compounds according to formulae
(Ia), (Ib) and (II) or (lib) as defined supra and above preferred
embodiments are provided, wherein: is independently substituted by a
chemical group selected from the group consisting of: and the
physiologically acceptable salts, derivatives, prodrugs, solvates and
stereoisomers thereof, including mixtures thereof in all ratios.In a
further preferred embodiment, compounds according to formulae (Ia), (Ib)
and (II) or (Mb) as defined supra and above preferred embodiments are
provided, wherein: W1,W2 together independently form "-N=N- -C(O)-O-,
-C(O)-S-, -C(S)- N(R5a)- " ; and the physiologically acceptable salts,
derivatives, prodrugs, solvates and stereoisomers thereof, including
mixtures thereof in all ratios. In a further preferred embodiment,
compounds according to formulae (Ia), (Ib) and (II) or (lib) as defined
supra and above preferred embodiments are provided, wherein: Y1 is
independently selected from the group consisting of "-C(O)-, -
N(RIO)-C(O)-, -C(O)-N(R1 1)-, -OC(O)-, -S(O) 2- , single bond"; and the
physiologically acceptable salts, derivatives, prodrugs, solvates and
stereoisomers thereof, including mixtures thereof in all ratios. In a
further preferred embodiment, compounds according to formulae (Ia), (Ib)
and (II) or (lib) as defined supra and above preferred embodiments are
provided, wherein: Z1 is independently "O"; and the physiologically
acceptable salts, derivatives, prodrugs, solvates and stereoisomers
thereof, including mixtures thereof in all ratios. In a further preferred
embodiment, compounds according to formulae (Ia), (Ib) and (II) or (lib) as
defined supra and above preferred embodiments are provided, wherein: B is
independently selected from the group consisting of "(4-chlorophenyl)- 1
H-[1 ,2,3]triazol-4-yl, [3,3']bithiophenyl-5-yl, 1H-benzotriazol- 5-yl,
1H-imidazol-4-yl, 2-(4-chloro-phenyl)-4-methyl-thiazol-5-yl, 2-(4-
chloro-phenyl)-cyclopropane-yl, 2-(4-trifluoromethy!-phenyl)-thiazol5-yl,
2,3,5,6-tetrafluoro-4-trifluoromethyl-pheny!, 2,3-difluoro-4-
trifluoromethyl-phenyl, 2,3-dihydro-benzo[1,4]dioxin-6-yl, 2,4-
dichloro-phenyl, 2-chloro-phenyl, 2-fluoro-4-trifluoromethyl-phenyl, 2-
fluoro-5-trifluoromethyl-phenyl, 2-methyl-2H-indazol-3-yl, 2-methyl-5-
phenyl-furan-3-yl, 2-pyridin-2-yl, 3-(4-chloro-phenyl)-2-oxooxazolidin-
5-yl, 3,4,5-trifluoro-phenyl, 3,4,5-trimethoxy-phenyl, 3,4-
dichloro-phenyl, 3,4-difluoro-5-trifluoromethyl-phenyl, 3,4-dimethylphenyl,
3,5-bis-trifluoromethyl-phenyl, 3,5-dibromo-4-methyl-phenyl,
3,5-dibromo-phenyl, 3,5-dichloro-4-fluoro-phenyl, 3,5-dichlorophenyl,
3,5-dimethoxy-phenyl, 3,5-dimethyl-phenyl, 3'-
trifluoromethyl-biphenyl-2-yl, 3-bromo-4-trifluoromethoxy-phenyl, 3-
bromo-5-chloro-phenyl, 3-bromo-5-fluoro-phenyl, 3-chloro-4,5-
difluoro-phenyl, 3-chloro-4-fluoro-phenyl,
3-chloro-4-trifluoromethoxyphenyl, 3-chloro-4-trifluoromethyl-phenyl,
3-chloro-5-fluoro-phenyl, 3- chloro-5-trifluoromethyl-phenyl,
3-chloro-phenyl, 3-fluoro-4- trifluoromethoxy-phenyl,
3-fluoro-4-trifluoromethyl-phenyl, 3-fluoro-5- trifluoromethyl-phenyl,
3-trifluoromethoxy-phenyl, 3-trifluoromethylphenyl,
4-(1,2,3-thiadiazol-4-yl)-phenyl, 4-(1 ,2,4-triazol-1-yl)-phenyl,
4-(3-methyl-5-oxo-4,5-dihydropyrazol-1-yl)-phenyl, 4'-methylbiphenyl- 2-yl,
4'-methyl-biphenyl-3-yl, 4-bromo-2,6-difluoro-phenyl,
4-bromo-2-fluoro-phenyl, 4-bromo-phenyl, 4-chloro-2-fluoro-phenyl,
4-chloro-3-fluoro-phenyl, 4-chloro-3-trifluoromethoxy-phenyl, Achloro-
3-trifluoromethyl-phenyl, 4-chloro-phenyl, 4-cyano-phenyl, 4-
difluoromethoxy-phenyl, 4-difluoromethylsulfanyl-phenyl, 4-ethylphenyl,
4-fluoro-3,5-dimethyl-phenyl, 4-fluoro-3-trifluoromethylphenyl,
4-isopropylphenyl, 4-methanesulfonyl-phenyl, 4-methoxy-
3,5-dimethyl-phenyl, 4-methyl-2-(4-trifluoromethyl-phenyl)-thiazol-5- yl,
4-methyl-3-trifluoromethyl-phenyl, 4-methyl-phenyl, Amethylsulfanyl-
phenyl, 4-nitro-phenyl, 4-trifluoromethoxy-phenyl, 4'-
trifluoromethyl-biphenyl-2-yl, 4-trifluoromethyl-phenyl,
Atrifluoromethylsulfanyl- phenyl, 5-bromo-benzofuran-2-yl, 5-chloro-2-
fluoro-3-trifluoromethyl-phenyl, 5-chloro-2-methoxy-phenyl, 5-
trifluoromethyl-1 H-benzoimidazole-2-yl, benzo[1 ,3]dioxol-5-yl, phenyl,
tetrahydrofuran-2-yl";and the physiologically acceptable salts,
derivatives, prodrugs, solvates and stereoisomers thereof, including
mixtures thereof in all ratios. In a further preferred embodiment,
compounds according to formulae (Ia), (Ib) and (II) or (Mb) as defined
supra and above preferred embodiments are provided, wherein: R1, R2, R3,
R3a, R3b, R4, R4a, R4b, R5, R5a, R6, R7, R8, R9, R10, R11, R12, R13, R14,
R15 are independently from each other selected from the group consisting
of: "hydrogen, alkyl, methyl, ethyl, isopropyl, halogen, -F, -Br, -Cl, -CN,
-CF 3, -SF 3, -OCF 3, -SCF 3, - OCHF2, -SCHF 2, -O-alkyl, -O-methyl,
-S-alkyl, -S-methyl, -NO 2, -S(O) 2-methyl" 



and the physiologically acceptable salts, derivatives, prodrugs, solvates
and stereoisomers thereof, including mixtures thereof in all ratios. In a
further preferred embodiment, compounds according to formulae (Ia), (Ib)
and (II) or (lib) as defined supra and above preferred embodiments are
provided, wherein: V is independently selected from the group consisting of
"hydrogen, alkyl, methyl, ethyl, isopropyl, halogen, -F, -Br, -Cl, -CN, -CF
3, - SF3, -OCF 3, -SCF 3, -OCHF 2, -SCHF 2, =0, -O-alkyl, -O-methyl, -
S-alkyl, -S-methyl, -NO 2, -S(O) 2-methyl"; and the physiologically
acceptable salts, derivatives, prodrugs, solvates and stereoisomers
thereof, including mixtures thereof in all ratios. In a further preferred
embodiment, compounds according to formulae (Ia), (Ib) and (II) or (Mb) as
defined supra and above preferred embodiments are provided, wherein: m is
independently O, 1 or 2; n is independently O, 1 or 2; o is independently
O, 1 or 2;and the physiologically acceptable salts, derivatives, prodrugs,
solvates and stereoisomers thereof, including mixtures thereof in all
ratios. In a further preferred embodiment, compounds according to formulae
(Ia), (Ib) and (II) or (lib) as defined supra and above preferred
embodiments are provided, wherein: W1,W2 together independently form
"-N=N-, -C(O)-O-, -C(O)-S-, -C(S)- N(R5a)- " ; Yi is independently selected
from the group consisting of "-C(O)-, - N(RIO)-C(O)-, -C(O)-N(RH)-,
-OC(O)-, -S(O) 2- , single bond"; Z1 is independently "O"; B is
independently selected from the group consisting of "(4-chlorophenyl)-
1H-[1,2,3]triazol-4-yl, [3,3']bithiophenyl-5-yl, 1H-benzotriazol- 5-yl,
1H-imidazol-4-yl, 2-(4-chloro-phenyl)-4-methyl-thiazol-5-yl, 2-(4-
chloro-phenyl)-cyclopropane-yl, 2-(4-trifluoromethyl-phenyl)-thiazol- 5-yl,
2,3,5,6-tetrafluoro-4-trifluoromethyl-phenyl, 2,3-difluoro-4-
trifluoromethyl-phenyl, 2,3-dihydro-benzo[1,4]dioxin-6-yl, 2,4-
dichloro-phenyl, 2-chloro-phenyl, 2-fluoro-4-trifluoromethyl-phenyl, 2-
fluoro-5-trifluoromethyl-phenyl, 2-methyl-2H-indazol-3-yl, 2-methyl-5-
phenyl-furan-3-yl, 2-pyridin-2-yl, 3-(4-chloro-phenyl)-2-oxooxazolidin-
5-yl, 3,4,5-trifluoro-phenyl, 3,4,5-trimethoxy-phenyl, 3,4-
dichloro-phenyl, 3,4-difluoro-5-trifluoromethyl-phenyl, 3,4-dimethylphenyl,
3,5-bis-trifluoromethyl-phenyl, 3,5-dibromo-4-methyl-phenyl,
3,5-dibromo-phenyl, 3,5-dichloro-4-fluoro-phenyl, 3,5-dichlorophenyl,
3,5-dimethoxy-phenyl, 3,5-dimethyl-phenyl, 3'-
trifluoromethyl-biphenyl-2-yl, 3-bromo-4-trifluoromethoxy-phenyl, 3-
bromo-5-chloro-phenyl, 3-bromo-5-fluoro-phenyl, 3-chloro-4,5-
difluoro-phenyl, 3-chloro-4-fluoro-phenyl,
3-chloro-4-trifluoromethoxyphenyl, 3-chioro-4-trifluoromethyl-phenyl,
3-chloro-5-fluoro-phenyl, 3- chloro-5-trifluoromethyl-phenyl,
3-chloro-phenyl, 3-fluoro-4- trifluoromethoxy-phenyl,
3-fluoro-4-trifluoromethyl-phenyl, 3-fluoro-5- trifluoromethyl-phenyl,
3-trifluoromethoxy-phenyl, 3-trifluoromethylphenyl, 4-(1
,2,3-thiadiazol-4-yl)-phenyl,
4-(1,2,4-triazol-1-yl)-phenyl,4-(3-methyl-5-oxo-4,5-dihydropyrazol-1
-yl)-phenyl, 4'-methylbiphenyl- 2-yl, 4'-methyl-biphenyl-3-yl,
4-bromo-2,6-difluoro-phenyl, 4-bromo-2-fluoro-phenyl, 4-bromo-phenyl,
4-chloro-2-fluoro-phenyl, 4-chloro-3-fluoro-phenyl,
4-chloro-3-trifluoromethoxy-phenyl, Achloro- 3-trifluoromethyl-phenyl,
4-chloro-phenyl, 4-cyano-phenyl, 4- difluoromethoxy-phenyl,
4-difluoromethylsulfanyl-phenyl, 4-ethylphenyl,
4-fluoro-3,5-dimethyl-phenyl, 4-fluoro-3-trifluoromethylphenyl,
4-isopropylphenyl, 4-methanesulfonyl-phenyl, 4-methoxy-
3,5-dimethyl-phenyl, 4-methyl-2-(4-trifluoromethyl-phenyl)-thiazol-5- yl,
4-methyl-3-trifluoromethyl-phenyl, 4-methyl-phenyl, 4-
methylsulfanyl-phenyl, 4-nitro-phenyl, 4-trifluoromethoxy-phenyl, 4'-
trifluoromethyl-biphenyl-2-yl, 4-trifluoromethyl-phenyl, 4-
trifluoromethylsulfanyl-phenyl, 5-bromo-benzofuran-2-yl, 5-chloro-2-
fluoro-3-trifluoromethyl-phenyl, 5-chloro-2-methoxy-phenyl, 5-
trifluoromethyl-1 H-benzoimidazole-2-yl, benzo[1 ,3]dioxol-5-yl, phenyl,
tetrahydrofuran-2-yl"; R1, R2, R3, R3a, R3b, R4, R4a, R4b, R5, R5a, R6, KI,
R8, R9, R10, R 11, R12, R13, R14, R15 are independently from each other
selected from the group consisting of: "hydrogen, alkyl, methyl, ethyl,
isopropyl, halogen, -F, -Br, -Cl, -CN, -CF 3, -SF 3, -OCF 3, -SCF 3, -
OCHF2, -SCHF 2, -O-alkyl, -O-methyl, -S-alkyl, -S-methyl, -NO 2, -S(O)
2-methyl" V is independently selected from the group consisting of
"hydrogen, alkyl, methyl, ethyl, isopropyl, halogen, -F, -Br, -Cl, -CN, -CF
3, - SF3, -OCF 3, -SCF 3, -OCHF 2, -SCHF 2, =0, -O-alkyl, -O-methyl, -
S-alkyl, -S-methyl, -NO 2, -S(O) 2-methyl"; m is independently O, 1 or 2; n
is independently O, 1 or 2; o is independently O, 1 or 2; and the
physiologically acceptable salts, derivatives, prodrugs, solvates and
stereoisomers thereof, including mixtures thereof in all ratios.In another
aspect, the object of the invention has surprisingly been solved by
providing a compound selected from the group consisting of:
3-(2-Hydroxy-phenyl)-1 -[1 '-(3 - Compound trifluoromethyl-biphenyl-2- 1
carbonylH4,4']bipiperidinyl-1-yl]- propan-1-one 4-[4-(1 H-Benzotriazol-5-
Compound ylcarbamoyl)-2-oxo-pyrrolidin-1- 2 yl]-piperidine-1 -carboxylic
acid Achloro- benzyl ester -Oxo-1 -{1 -[3-(4-trifluoromethylphenyl)-
propionyl]-piperidin-4-yl}- pyrrolidine-3-carboxylic acid (1Hbenzotriazol-
5-yl )-amide 



4-[4-(1 H-Benzotriazol-5- ylcarbamoyl)-2-oxo-pyrrolidin-1-
yl]-piperidine-1-carboxylic acid 3,5-dichloro-benzyl ester
4-[5-(2-Oxo-2,3-dihydrobenzooxazol- 6-ylcarbamoyl)- Com
pyridin-3-yl]-piperazine-1 - carboxylic acid 4-chloro-benzyl ester 4-[5-(1
H-Benzotriazol-5- Compound ylcarbamoyl)-pyridin-3-yl]- 6 piperazine-1
-carboxylic acid 4- chloro-benzyl ester4-{3-[(1 H-Benzoti azole-5- Compound
carbonyl)-amino]-pyrrolidin-1-yl}- 7 piperidine-1-carboxylic acid 4-
chloro-benzyl ester 1H-Benzotriazole-5-carboxylic Compound acid
(1-{1-[3-(4-trifluoromethyl- 8 phenyl)-propionyl]-piperidin-4-yl}-
pyrrolidin-3-yl)-amide 4-{3-[(1 H-Benzotriazole-5- Compound
carbonyl)-amino]-pyrrolidin-1-yl}- 9 piperidine-1-carboxylic acid 3,5-
dichloro-benzyl ester Co [ 1'-(1 H-Benzotriazole-5-carbonyl)- Compound
[4,4']bipiperidinyl-1-yl]-(4'-methyl- 11 biphenyl-2-yl)-methanone Co 1'-(1
H-Benzotriazole-5-carbonyl)- [4,4']bipiperidinyl-1-carboxylic acid
3,5-dichloro-benzyl ester [ 1'-(1H-Benzotriazole-5-carbonyl)- Co
[4,4']bipiperidinyl-1-yl]-(4'-methylbiphenyl-
3-yl)-methanone4-[2-Oxo-4-(2-oxo-2,3-dihydro- Compound
benzooxazol-6-ylcarbamoyl )- 15 pyrrolidin-1 -yl]-piperidine-1 - carboxylic
acid 3,5-dichlorobenzyl ester 4-[2-Oxo-4-(2-oxo-2,3-dihydro- Compound
benzooxazol-6-ylcarbamoyl)- 16 pyrrolidin-1 -yl]-piperidine-1 - carboxylic
acid 4-chloro-benzyl ester 4-[2-Oxo-4-(2-pyridin-2-yl- Compound
ethylcarbamoyl)-pyrrolidin-1-yl]- 17 piperidine-1-carboxylic acid 3,5-
dichloro-benzyl ester 4-[1-(1 H-Benzotriazole-5- Compound
carbonyl)-piperidin-4-yl]- 19 piperazine-1 -carboxylic acid 3,5-
dichloro-benzyl ester 4-[4-(1 H-Benzotriazole-5- Compound
carbonyl)-piperazin-1 -yl]- 20 piperidine-1 -carboxylic acid 3,5-
dichloro-benzyl ester 3-(2-Hydroxy-phenyl)-1-{4-[4-(3'- Compound
trifluoromethyl-biphenyl-2- 21 carbonyl)-piperazin-1-yl]-piperidin-
1-yl}-propan-1-one 1-[1 '-(1 H-Benzotriazole-5- Compound
carbonyl)-[4,4']bipiperidinyl-1-yl]- 22 3-(4-trifluoromethyl-phenyl)-
propan-1-oneCompound 1-[1 '-(1 H-Benzotriazole-5- 23
carbonyl)-[4,4']bipiperidinyl-1-yl]- 2-(4-chloro-phenyl)-ethanone
1-{1-[4-Methyl-2-(4- Compound trifluoromethyl-phenyl)-thiazole-5- 24
carbonyl]-piperidin-4-yl}-5-oxopyrrolidine- 3-carboxylic acid
(1Hbenzotriazol- 5-yl)-amide 4-[4-(2-Oxo-2,3-dihydrobenzooxazole-
6-carbonyl)- piperazin-1 -yl]-piperidine-1 - carboxylic acid
3,5-dichlorobenzyl ester 4-[4-(1 H-Benzotriazol-5-
ylcarbamoyl)-2-oxo-pyrrolidin-1- yl]-piperidine-1 -carboxylic acid
tetrahydro-furan-2-ylmethyl ester 4-[2-Oxo-4-(2-pyridin-4-yl- Compound
ethylcarbamoyl)-pyrrolidin-1-yl]- 28 piperidine-1 -carboxylic acid 3,5-
dichloro-benzyl ester 9-(1 H-Benzotriazole-5-carbonyl)- Compound
3,9-diaza-spiro[5.5]undecane-3- 29 carboxylic acid 3,5-dichlorobenzyl ester
4-[2-Oxo-4-(2-pyridin-3-yl- Compound ethylcarbamoyl)-pyrrolidin-1-yl]- 30
piperidine-1 -carboxylic acid 3,5- dichloro-benzyl ester4-[1 -(1
H-Benzotriazole-5- Compound carbonyl)-piperidin-4-yl]- 3 1
piperazine-1-carboxylic acid (3,5- dichloro-phenyl)-amide 



1-{4-[1 -(1 H-Benzotriazole-5- Compound
carbonyl)-piperidin-4-yl]-piperazin- 32 1-yl}-3-(4-trifluoromethyl-phenyl)-
propan-1-one 6-(4-{4-[3-(4-Trifluoromethyl- Compound
phenyl)-propionyl]-piperazin-1-yl}- 33
piperidine-1-carbonyl)-3Hbenzooxazol- 2-one 4-[1 -(1 H-Benzotriazole-5-
Compound carbonyl)-piperidin-4-yl]- 34 piperazine-1-carboxylic acid 4-
trifluoromethyl-benzyl ester 4-[1-(1 H-Benzotriazole-5- Compound
carbonyl)-piperidin-4-yl]- 35 piperazine-1-carboxylic acid 3,5-
bis-trifluoromethyl-benzyl ester 4-[1 -(1 H-Benzotriazole-5- Compound
carbonyl)-piperidin-4-yl]- 36 piperazine-1-carboxylic acid 4-
chloro-2-fluoro-benzyl ester 4-[1 -(1 H-Benzotriazole-5-
carbonyl)-piperidin-4-yl]- Co piperazine-1-carboxylic acid 4-
trifluoromethylsulfanyl-benzyl ester4-[1-(1 H-Benzotriazole-5- Compound
carbonyl)-piperidin-4-yl]- 38 piperazine-1-carboxylic acid 5-
chloro-2-methoxy-benzyl ester 4-[1-(1 H-Benzotriazole-5- Compound
carbonyl)-piperidin-4-yl]- 39 piperazine-1-carboxylic acid 2- chloro-benzyl
ester 4-[1 -(1 H-Benzotriazole-5- Compound carbonyl)-piperidin-4-yl]- 40
piperazine-1-carboxylic acid 4- methyl-benzyl ester 4-[1 -(1
H-Benzotriazole-5- Compound carbonyl)-piperidin-4-yl]- 41
piperazine-1-carboxylic acid 3- chloro-benzyl ester 4-[1 -(1
H-Benzotriazole-5- Compound carbonyl)-piperidin-4-yl]- 42
piperazine-1-carboxylic acid 4- chloro-benzyl ester 4-[1-(1
H-Benzotriazole-5- Compound carbonyl)-piperidin-4-yl]- 43
piperazine-1-carboxylic acid 4- isopropyl-benzyl ester 4-[1-(1
H-Benzotriazole-5- Compound carbonyl)-piperidin-4-yl]- 45
piperazine-1-carboxylic acid 3,4- dichloro-benzyl ester4-[1
-(1H-Benzotriazole-5- Compound carbonyl)-piperidin-4-yl]- 46
piperazine-1-carboxylic acid 2,4- dichloro-benzyl ester 4-[1-(1
H-Benzotriazole-5- Compound carbonyl)-piperidin-4-yl]- 47
piperazine-1-carboxylic acid 4- trifluoromethoxy-benzyl ester
(1H-Benzotriazol-5-yl)-(4-{4-[4- Compound methyl-2-(4-trifluoromethyl- 48
phenyl)-thiazole-5-carbonyl]- piperazin-1 -yl}-piperidin-1 -yl)- methanone
6-(4-{1 -[3-(4-Trifluoromethyl- Compound
phenyl)-propionyl]-piperidin-4-yl}- 49 piperazine-1
-carbonyl)-3Hbenzooxazol- 2-one 1-{4-[4-(1 H-Benzotriazole-5- Compound
carbonyl)-piperazin-1-yl]-piperidin- 50 1-yl}-3-(4-trifluoromethyl-phenyl)-
propan-1-one Co 3,5- (1H-Benzotriazol-5-yl)-{4-[4-(5- Co trifluoromethyl-1
H- benzoimidazole-2-carbonyl )- piperazin-1-yl]-piperidin-1-yl}-
methanone4-{4-[2-(1 H-lmidazol-4-yl)- Compound
ethylcarbamoyl]-2-oxo-pyrrolidin- 53 1-yl}-piperidine-1-carboxylic acid
3,5-dichloro-benzyl ester 4-[2-Oxo-4-(4-[1 ,2,4]triazol-1 -yl- Compound
phenylcarbamoyl)-pyrrolidin-1-yl]- 54 piperidine-1 -carboxylic acid 3,5-
dichloro-benzyl ester 4-[2-Oxo-4-(4-pyrazol-1 -yl- Compound
phenylcarbamoyl)-pyrrolidin-1-yl]- 55 piperidine-1 -carboxylic acid 3,5-
dichloro-benzyl ester 4-{4-[4-(3-Methyl-5-oxo-4,5- dihydro-pyrazol-1 -yl)-
Compound phenylcarbamoyl]-2-oxo- 



56 pyrrolidin-1 -yl}-piperidine-1 - carboxylic acid 3,5-dichlorobenzyl
ester 4-[2-Oxo-4-(4-[1,2,3]thiadiazol-4- Compound
yl-phenylcarbamoyl)-pyrrolidin-1- 57 yl]-piperidine-1 -carboxylic acid
3,5-dichloro-benzyl ester (E)-3-(3H-lmidazol-4-yl)-1-(4-{1- Compound
[3-(4-trifluoromethyl-phenyl)- 58 propionyl]-piperidin-4-yl}- piperazin-1
-yl)-propenone N-[4-(4-{1-[3-(4-Trifluoromethyl- Compound
phenyl)-propionyl]-piperidin-4-yl}- 59 piperazine-1-carbonyl)-phenyl]-
methanesulfonamide1-(4-{4-[3-(1 H-lmidazol-2-yl)- Compound
benzoyl]-piperazin-1-yl}-piperidin- 60 1-yl)-3-(4-trifluoromethyl-phenyl)-
propan-1-one 1-{4-[4-(1 H-Benzotriazole-5- Compound
carbonyl)-piperazin-1-yl]-piperidin- 61 1-yl}-3-(4-chloro-2-fluoro-phenyl)-
propan-1-one 4-[4-(1 H-Benzotriazole-5- Compound carbonyl)-piperazin-1-yl]-
62 piperidine-1-carboxylic acid Achloro- 2-fluoro-benzyl ester 3-[1 -(1
H-Benzotriazole-5- Compound carbonyl)-piperidin-4-ylamino]- 63
pyrrolidine-1-carboxylic acid Achloro- 2-fluoro-benzyl ester
6-(4-{4-[3-(4-Chloro-2-fluoro- Compound phenyl)-propionyl]-piperazin-1-yl}-
64 piperidine-1 -carbonyl)-3Hbenzooxazol- 2-one 4-[1 -(2-0x0-2, 3-dihydro-
Co benzooxazole-6-carbonyl )- piperidin-4-yl]-piperazine-1 - carboxylic
acid 4-chloro-2-fluorobenzyl ester 1-{3-[1 -(1 H-Benzotriazole-5- Compound
carbonyl)-piperidin-4-ylamino]- 66 pyrrolidin-1 -yl}-3-(4-chloro-2-
fluoro-phenyl)-propan-1 -one1-{4-[1 -(1H-Benzotriazole-5- Compound
carbonyl)-piperidin-4-yl]-piperazin- 67 1-yl}-3-(4-chloro-2-fIuoro-phenyl)-
propan-1 -one 3-[1 -(1H-Benzotriazole-5- Compound
carbonyl)-piperidin-4-ylamino]- 68 pyrrolidine-1-carboxylic acid 4-
trifluoromethyl-benzyl ester 1-{4-[1 -(1H-Benzotriazole-5- Compound
carbonyl)-piperidin-4-yl]-piperazin- 69 1-yl}-3-(3,5-dichloro-phenyl)-
propan-1-one 4-[1 -(1 H-Benzotriazole-5- Compound
carbonyl)-pyrrolidin-3-ylamino]- 70 piperidine-1-carboxylic acid 4-
trifiuoromethyl-benzyl ester 4-[4-(1 H-Benzotriazole-5- Compound
carbonyl)-piperazin-1-yl]- 71 piperidine-1-carboxylic acid
Atrifluoromethyl- benzyl ester 2-{4-[1 -(1 H-Benzotriazole-5- Compound
carbonyl)-piperidin-4-yl]-piperazin- 72
1-yl}-N-(4-chloro-3-trifluoromethylphenyl)- 2-oxo-acetamide4-[4-(1
H-Benzotriazole-5- Compound carbonyl)-piperazin-1 -yl]- 73
piperidine-1-carboxylic acid 2- fluoro-4-trifluoromethyl-benzyl ester
4-[4-(1 H-Benzotriazole-5- carbonyl)-piperazin-1 -yl]-
piperidine-1-carboxylic acid 2- fluoro-5-trifluoromethyl-benzyl ester
4-[4-(1 H-Benzotriazole-5- carbonyl)-piperazin-1 -yl]-
piperidine-1-carboxylic acid 3- fluoro-5-trifluoromethyl-benzyl ester
4-[4-(1 H-Benzotriazole-5- carbonyl)-piperazin-1 -yl]-
piperidine-1-carboxylic acid 4- trifluoromethoxy-benzyl ester 4-[4-(1
H-Benzotriazole-5- carbonyl)-piperazin-1-yl]- Compound
piperidine-1-carboxylic acid 3- 77 chloro-5-trifluoromethyl-benzyl ester
4-[4-(1 H-Benzotriazole-5- Compound carbonyl)-piperazin-1 -yl]- 78
piperidine-1-carboxylic acid 3- 



chloro-4-fluoro-benzyl ester 4-[4-(1 H-Benzotriazole-5- Compound
carbonyl)-piperazin-1 -yl]- 79 piperidine-1-carboxylic acid 3,4,5-
trifluoro-benzyl ester4-[4-(1 H-Benzotriazole-5- Compound
carbonyl)-piperazin-1 -yl]- 80 piperidine-1-carboxylic acid 4- bromo-benzyl
ester Compound in- 81 1- 1-{4-[4-(1 H-Benzotriazole-5- Compound
carbonyl)-piperazin-1-yl]-piperidin- 82 1-yl}-3-(2,4-dichloro-phenyl)-
propan-1-one (E)-1 -{4-[4-(1 H-Benzotriazole-5- Compound
carbonyl)-piperazin-1-yl]-piperidin- 83 1-yl}-3-(4-bromo-2-fluoro-phenyl)-
propenone 1-{4-[4-(1 H-Benzotriazole-5- Compound
carbonyl)-piperazin-1-yl]-piperidin- 84 1-yl}-3-(4-isopropyl-phenyl)-
propan-1-one 4-[4-(1 H-Benzotriazole-5- Compound carbonyl)-piperazin-1
-yl]- 85 piperidine-1-carboxylic acid 3,4- dichloro-benzyl ester 4-[4-(1
H-Benzotriazole-5- carbonyl)-piperazin-1 -yl]- Co piperidine-1-carboxylic
acid 4- trifluoromethylsulfanyl-benzyl ester4-[4-(1 H-Benzotriazole-5-
Compound carbonyl)-piperazin-1 -yl]- 87 piperidine-1-carboxylic acid 4-
isopropyl-benzyl ester 1-{4-[4-(1 H-Benzotriazole-5- Compound
carbonyl)-piperazin-1-yl]-piperidin 88 1-yl}-3-(4-methanesulfonylphenyl)-
propan-1 -one 4-{4-[(S)-2-Amino-3-(1H-imidazol- Compound
4-yl)-propionyl]-piperazin-1-yl}- 89 piperidine-1-carboxylic acid 4-
trifluoromethyl-benzyl ester (E)-1 -{4-[4-(1 H-Benzotriazole-5- Compound
carbonyl)-piperazin-1-yl]-piperidin- 90 1-yl}-3-(3,5-dichloro-phenyl)-
propenone ( 1H-Benzotriazol-5-yl)-{4-[1 -(3,5- Compound
dichloro-4-fluoro-benzoyl)- 9 1 piperidin-4-yl]-piperazin-1 -yl}- methanone
4-[4-(1 H-Benzotriazole-5- carbonyl)-piperazin-1-yl]- Co
piperidine-1-carboxylic acid 3- chloro-4-trifluoromethyl-benzyl ester
4-[4-(1 H-Benzotriazole-5- Compound carbonyl)-piperazin-1 -yl]- 93
piperidine-1-carboxylic acid 3,5- dichloro-4-fluoro-benzyl esterCompound
4-(3-{4-[4-(1 H-Benzotriazole-5- 94 carbonyl)-piperazin-1-yl]-piperidin-
1-yl}-3-oxo-propyl )-benzonitrile 4-[1-(1H-Benzotriazole-5- Compound
carbonyl)-piperidin-4-yl]- 95 piperazine-1-carboxylic acid 3-
chloro-5-trifluoromethyl-benzyl ester 4-[1 -(1H-Benzotriazole-5- Compound
carbonyl)-piperidin-4-yl]- 96 piperazine-1-carboxylic acid 3-
chloro-4-trifluoromethyl-benzyl ester 4-[1-(1 H-Benzotriazole-5- Compound
carbonyl)-piperidin-4-yl]- 97 piperazine-1-carboxylic acid 3,5-
dichloro-4-fluoro-benzyl ester 4-[1-(1 H-Benzotriazole-5- Compound
carbonyl)-piperidin-4-yl]- 98 piperazine-1-carboxylic acid 3,5-
dibromo-4-methyl-benzyl ester 4-[1 -(1 H-Benzotriazole-5-
carbonyl)-piperidin-4-yl]- Co piperazine-1-carboxylic acid 5-
chloro-2-fluoro-3-trifluoromethylbenzyl ester 4-[1 -(1H-Benzotriazole-5-
carbonyl)-piperidin-4-yl]- C piperazine-1-carboxylic acid Afluoro-
3-trifluoromethyl-benzyl ester4-[1 -(1 H-Benzotriazole-5- Compound
carbonyl)-piperidin-4-yl]- 101 piperazine-1-carboxylic acid 3-
chloro-4-trifluoromethoxy-benzyl ester 1-{4-[1 -(1 H-Benzotriazole-5-
Compound carbonyl)-piperidin-4-yl]-piperazin- 



102 1-yl}-2-(3-fluoro-4-trifluoromethylphenyl)- ethanone 1-{4-[1
-(1H-Benzotriazole-5- Compound carbonyl)-piperidin-4-yl]-piperazin- 103
1-yl}-2-(2-fluoro-4-trifluoromethylphenyl)- ethanone 1-{4-[1 -(1
H-Benzotriazole-5- Compound carbonyl)-piperidin-4-yl]-piperazin- 104
1-yl}-3-(3,5-dichloro-4-fluorophenyl)- propan-1 -one 1-{4-[1 -(1
H-Benzotriazole-5- Compound carbonyl)-piperidin-4-yl]-piperazin- 105
1-yl}-3-(3-fluoro-4-trif1uoromethylphenyl)- propan-1 -one 1-{4-[1 -(1
H-Benzotriazole-5- Compound carbonyl)-piperidin-4-yl]-piperazin- 106
1-yl}-3-(4-fluoro-3,5-dimethylphenyl)- propan-1 -one
4-[3-(2-Oxo-2,3-dihydrobenzooxazol- 6-yl)-4,5-dihydro- Co pyrazol-1
-yl]-piperidine-1 - carboxylic acid 4-trifIuoromethylbenzyl
ester4-[3-(2-Oxo-2,3-dihydro- Compound benzooxazol-6-yl)-pyrazol-1 -yl]-
108 piperidine-1 -carboxylic acid Atrifluoromethyl- benzyl ester 4-[1 -(1
H-Benzotriazole-5- Compound carbonyl)-piperidin-4-ylmethyl]- 109
piperazine-1 -carboxylic acid Atrifluoromethyl- benzyl ester 4-{5-[(1
H-Benzotriazole-5- Compound carbonyl)-amino]-pyridin-2-yl}- 110
piperazine-1 -carboxylic acid Atrifluoromethyl- benzyl ester 4-[5-(1
H-Benzotriazol-5- Compound ylcarbamoyl)-pyridin-2-yl]- 111 piperazine-1
-carboxylic acid 4- trifluoromethyl-benzyl ester 4-[4-(3-Amino-1
H-indazole-5- Compound carbonyl)-piperazin-1 -yl]- 112 piperidine-1
-carboxylic acid Atrifluoromethyl- benzyl ester 4-[1 -(1H-Benzotriazole-5-
carbonyl)-piperidin-4-yl]- Co piperazine-1 -carboxylic acid 2,3-
difluoro-4-trifluoromethyl-benzyl ester 4-[1 -(1 H-Benzotriazole-5- Co
carbonyl)-piperidin-4-yl]- piperazine-1 -carboxylic acid
2,3,5,6-tetrafluoro-4- trifluoromethyl-benzyl ester4-[1 -(1 H-Benzoti
azole-5- Compound carbonyl)-piperidin-4-yl]- 115 piperazine-1-carboxylic
acid 3- trifluoromethyl-benzyl ester 4-[1-(1 H-Benzotriazole-5- Compound
carbonyl)-piperidin-4-yl]- 116 piperazine-1-carboxylic acid 3-
chloro-4,5-difluoro-benzyl ester 4-[1 -(1H-Benzotriazole-5- Compound
carbonyl)-piperidin-4-yl]- 117 piperazine-1-carboxylic acid Achloro-
3-fluoro-benzyl ester 4-[1 -(1 H-Benzotriazole-5- Co
carbonyl)-piperidin-4-yl]- piperazine-1-carboxylic acid 3-
fluoro-4-trifluoromethoxy-benzyl ester 4-[1-(1 H-Benzotriazole-5-
carbonyl)-piperidin-4-yl]- Co piperazine-1-carboxylic acid Amethyl-
3-trifluoromethyl-benzyl ester 4-[1-(1 H-Benzotriazole-5- Co
pipecraarzbionney-1l)--cpaiprebroidxyinli-c4-aycl]i-d Amethoxy-
3,5-dimethyl-benzyl ester 4-[1 -(1 H-Benzotriazole-5- Compound
carbonyl)-piperidin-4-yl]- 121 piperazine-1-carboxylic acid
3,4,5-trimethoxy-benzyl esterCompound 122 4-[1 -(1 H-Benzotriazole-5-
carbonyl)-piperidin-4-yl]- piperazine-1-carboxylic acid 4-
trifluoromethylsulfanylbenzylamide 1-{4-[1 -(1 H-Benzotriazole-5- Compound
carbonyl)-piperidin-4-yl]-piperazin- 123 1-yl}-3-(4-chloro-phenyl)-propane-
1,2-dione (1H-Benzotriazol-5-ylH4-[4-(4'- Compound
trifluoromethyl-biphenyl-2- 124 carbonyl)-piperazin-1-yl]-piperidin-
1-yl}-methanone 



(1H-Benzotriazol-5-yl)-{4-[4-(3'- Compound trifluoromethyl-biphenyl-2- 125
carbonyl)-piperazin-1-yl]-piperidin- 1-yl}-methanone 4-[1
-(2-Oxo-2,3-dihydrobenzothiazole- 6-carbonyl)- Co
piperidin-4-yl]-piperazine-1 - carboxylic acid 4-trifluoromethylbenzyl
ester 4-[1 -(2-Thioxo-2,3-dihydro-1 Hbenzoimidazole- 5-carbonyl)- Compound
piperidin-4-yl]-piperazine-1 - 127 carboxylic acid 4-trifluoromethylbenzyl
ester4-[1 -(1 H-Benzotriazole-5- Compound carbonyl)-piperidin-4-yl]- 128
piperazine-1-carboxylic acid 3- trifluoromethoxy-benzyl ester 1-{4-[1-(1
H-Benzotriazole-5- Compound carbonyl)-piperidin-4-yl]-piperazin- 129
1-yl}-3-(3-chloro-4,5-difluorophenyl)- propan-1 -one 1-{4-[1
-(1H-Benzotriazole-5- Compound carbonyl)-piperidin-4-yl]-piperazin- 130
1-yl}-3-(3,5-dibromo-4-methylphenyl)- propan-1 -one 4-[1-(1
H-Benzotriazole-5- carbonyl)-piperidin-4-yl]- Compound
piperazine-1-carboxylic acid 1-(4- 131 chloro-phenyl)-1 H-[1
,2,3]triazol-4- ylmethyl ester 4-[1 -(1 H-Benzotriazole-5- Compound
carbonyl)-piperidin-4-yl]- 132 piperazine-1-carboxylic acid 1-(4-
trifluoromethyl-phenyl)-ethyl ester 1-{4-[4-(i H-Benzotriazole-5- Compound
carbonyl)-piperazin-1-yl]-piperidin- 133
1-yl}-3-(3,5-dichloro-4-fluorophenyl)- propan-1 -one 4-[1 -(1
H-Benzotriazole-5- carbonyl)-piperidin-4-yl]- Co piperazine-1-carboxylic
acid 2- methyl-2H-indazol-3-ylmethyl ester4-[1 -(1 H-Benzotriazole-5-
Compound carbonyl)-piperidin-4-yl]- 135 piperazine-1-carboxylic acid
[3,3']bithiophenyl-5-ylmethyl ester 4-[1-(1H-Benzotriazole-5- Compound
carbonyl)-piperid in-4-yl]- 136 piperazine-1-carboxylic acid benzo[1
,3]dioxol-5-ylmethyl ester 4-[1 -(1 H-Benzotriazole-5- Co
pipecraazrbinoen-y1l-)c-pairpbeorxidyilnic-4a-ycli]d- 2,3- dihydro-benzo[1
,4]dioxin-6- ylmethyl ester 2-(1 H-Benzotriazol-5-yl)-1 -(4-{4- Compound
[2-(4-trifluoromethyl-phenyl)- 138 acetyl]-piperazin-1-yl}-piperidin-1-
yl)-ethanone 4-[1 -(2-1 H-Benzotriazol-5-yl- Compound
acetyl)-piperidin-4-yl]-piperazine- 139 1-carboxylic acid
3,5-bistrifluoromethyl- benzyl ester 4-[1 -(2-1 H-Benzotriazol-5-yl-
Compound acetyl)-piperidin-4-yl]-piperazine- 140 1-carboxylic acid
(3,5-dichlorophenyl)- amide2-(1 H-Benzotriazol-5-yl)-1 -(4-{4- Compound
[2-(3,5-bis-trifluoromethyl-phenyl)- 141 acetyl]-piperazin-1
-yl}-piperidin-1 - yl)-ethanone 6-(4-{4-[2-(3,5-Bis-trifluoromethyl-
Compound phenyl)-acetyl]-piperazin-1-yl}- 142 piperidine-1
-carbonyl)-3Hbenzooxazol- 2-one 4-[4-(1 H-Benzotriazole-5- Co
carbonyl)-piperazin-1 -yl]- piperidine-1-carboxylic acid 3-
chloro-4-trifluoromethoxy-benzyl ester 4-[4-(1 H-Benzotriazole-5-
carbonyl)-piperazin-1 -yl]- Compound piperidine-1-carboxylic acid 144
2,3,5,6-tetrafluoro-4- trifluoromethyl-benzyl ester 4-[1 -(1
H-Benzotriazole-5- carbonyl)-piperidin-4-yl]- Co piperazine-1-carboxylic
acid 4- chloro-3-trifluoromethoxy-benzyl ester 4-[1 -(1 H-Benzotriazole-5-
Compound carbonyl)-piperidin-4-yl]- 146 piperazine-1-carboxylic acid 3-
bromo-5-chloro-benzyl ester 4-[1-(1 H-Benzotriazoie-5- Compound
carbonyl)-piperidin-4-yl]- 



147 piperazine-1-carboxylic acid 3,5- dimethyl-benzyl ester4-[1 -(1
H-Benzotriazole-5- Compound carbonyl)-piperidin-4-yl]- 148
piperazine-1-carboxylic acid 3,5- dibromo-benzyl ester 4-[1 -(1
H-Benzotriazole-5- Compound carbonyl)-piperidin-4-yl]- 149
piperazine-1-carboxylic acid 4- methylsulfanyl-benzyl ester 4-[1 -(1
H-Benzotriazole-5- Compound carbonyl)-piperidin-4-yl]- 150
piperazine-1-carboxylic acid 3,5- dimethoxy-benzyl ester 4-[1 -(1
H-Benzotriazole-5- Compound carbonyl)-piperidin-4-yl]- 151 piperazine-1
-carboxyiic acid 4- ethyl-benzyl ester 4-[1 -(1 H-Benzotriazole-5- Compound
carbonyl)-piperidin-4-yl]- 152 piperazine-1 -carboxyiic acid 3-
chloro-5-fluoro-benzyl ester 4-[1 -(2-Oxo-2,3-dihydrobenzothiazole-
6-suIfonyl)- Compound piperidin-4-yl]-piperazine-1- 153 carboxylic acid
3,5-bistrifluoromethyl- benzyl ester 4-[1-(1H-Benzotriazole-5- Compound
carbonyl)-piperidin-4-yl]- 154 piperazine-1 -carboxyiic acid 3-
bromo-5-fluoro-benzyl ester4-[1 -(1 H-Benzotriazole-5- Compound
carbonyl)-piperidin-4-yl]- 155 piperazine-1-carboxylic acid 4- bromo-benzyl
ester 4-[1-(1 H-Benzotriazole-5- Compound carbonyl)-piperidin-4-yl]- 156
piperazine-1-carboxylic acid 4- bromo-2-fiuoro-benzyl ester 4-[1 -(1
H-Benzotriazole-5- Compound carbonyl)-piperidin-4-yl]- 157
piperazine-1-carboxylic acid Abromo- 2,6-difluoro-benzyl ester 4-[1 -(1
H-Benzotriazole-5- carbonyl)-piperidin-4-yl]- Compound
piperazine-1-carboxylic acid 3- 158 fluoro-4-trifluoromethyl-benzyl ester
(1H-Benzotriazol-5-yl)-{4-[4-(5- Compound bromo-benzofuran-2-carbonyl)- 159
piperazin-1 -yl]-piperidin-1 -yl}- methanone 1-{4-[1 -(1 H-Benzotriazole-5-
Compound carbonyl)-piperidin-4-yl]-piperazin- 160
1-yl}-2-(4-trifluoromethoxyphenoxy)- ethanone4-[1 -(2-Thioxo-2,3-dihydro-1
HCompound benzoimidazole-5-carbonyl)- 161 piperidin-4-yl]-piperazine-1 -
carboxylic acid 3,5-bistrifluoromethyl- benzyl ester 4-[4-(1
H-Benzotriazole-5- Compound carbonyl)-piperazin-1 -yl]- 162 piperidine-1
-carboxylic acid 3,5- bis-trifluoromethyl-benzyl ester
4-[1-(2-Oxo-2,3-dihydro- Co benzothiazole-6-carbonyl)-
piperidin-4-yl]-piperazine-1 - carboxylic acid 3,5-bistrifluoromethyl-
benzyl ester 1-{4-[4-(1 H-Benzotriazole-5- Compound
carbonyl)-piperazin-1-yl]-piperidin- 164
1-yl}-3-(4-trifluoromethyl-phenyl)- propane-1,3-dione 4-[1 -(1
H-Benzotriazole-5- carbonyl)-piperidin-4-yl]- Compound piperazine-1
-carboxylic acid 3,4- 165 difluoro-5-trifluoromethyl-benzyl ester 4-[1 -(1
H-Benzotriazole-5- carbonyl)-piperidin-4-yl]- Co piperazine-1 -carboxylic
acid 3- bromo-4-trifluoromethoxy-benzyl ester 4-[1 -(1 H-Benzotriazole-5-
Compound carbonyl)-piperidin-4-yl]- 167 piperazine-1 -carboxylic acid
Adifluoromethoxy- benzyl ester4-[1 -(1 H-Benzotriazole-5- Compound
carbonyl)-piperidin-4-yl]- 168 piperazine-1-carboxylic acid 4-
difluoromethylsulfanyl-benzyl ester 4-[1 -(1H-Benzotriazole-5- Compound
carbonyl)-piperidin-4-yl]- 



169 piperazine-1-carboxylic acid (R)- 1-(3,5-bis-trifluoromethyl-phenyl)-
ethyl ester 4-[1 -(1 H-Benzotriazole-5- Co carbonyl)-piperidin-4-yl]-
piperazine-1-carboxylic acid 2,2,2-trifluoro-1 -p-tolyl-1 -
trifluoromethyl-ethyl ester 4-[1-(1 H-Benzotriazole-5- carbonyl )-piperidi
n-4-yl]- Compound piperazine-1-carboxylic acid (S)- 171
1-(3,5-bis-trifluoromethyl-phenyl)- ethyl ester 4-[1-(1 H-Benzotriazole-5-
carbonyl)-piperidin-4-yl]- Co piperazine-1-carboxylic acid 1-
(3,5-bis-trifluoromethyl-phenyl)- ethyl ester 4-[1-(1 H-Benzotriazole-5-
carbonyl)-piperidin-4-yl]- Co piperazine-1-carboxylic acid 2-
methyl-5-phenyl-f uran-3-ylmethyl ester 4-[1-(1 H-Benzotriazole-5-
carbonyl)-piperidin-4-yl]- Co piperazine-1-carboxylic acid 2-(4-
chloro-phenyl)-4-methyl-thiazol-5- ylmethyl ester4-[1-(1 H-Benzotriazole-5-
Compound carbonyl)-piperidin-4-yl]- 175 piperazine-1 -carboxylic acid 3-(4-
chloro-phenyl)-2-oxo-oxazolidin-5- ylmethyl ester 1-{4-[1
-(1H-Benzotriazole-5- Compound carbonyl)-piperidin-4-yl]-piperazin- 176
1-yl}-3-(3,4-dimethyl-phenyl)- butan-1-one 1-{4-[1 -(1H-Benzotriazole-5-
Compound carbonyl)-piperidin-4-yl]-piperazin- 177
1-yl}-3-(4-trifluoromethyl-phenyl )- butan-1-one 4-[1 -(1
H-Benzotriazole-5- carbonyl)-piperidin-4-yl]- Compound
piperazine-1-carboxylic acid 1- 178 (3,5-bis-trifluoromethyl-phenyl)-
cyclopropyl ester (1H-Benzotriazol-5-yl)-(4-{4-[2-(4- Compound
chloro-phenyl)- 179 cyclopropanecarbonyl]-piperazin- 1-yl}-piperidin-1
-yl)-methanone -Benzotriazoie-5- Compound 2-{4-[4-(1 H
carbonyl)-piperazin-1-yl]-piperidin- 180 1-yl}-N-(3,
5-bis-trifluoromethylphenyl)- acetamide -{4-[4-(1 H-Benzotriazole-5-
Compound 2 carbonyl)-piperazin-1-yl]-piperidin- 181
1-yl}-N-(5-chloro-2-methoxyphenyl)- acetamide4-{[1-(1 H-Benzotriazole-5-
Compound carbonyl)-pyrrolidin-3-yl]-methyl- 182 amino}-piperidine-1
-carboxylic acid 4-trifIuoromethyl-benzyl ester 4-[1-(2-Oxo-2,3-dihydrc~
Compound benzooxazole-6-sulfonyl)- 183 piperidin-4-yl]-piperazine-1 -
carboxylic acid 3-chloro-5- trifluoromethyl-benzyl ester 4-[1 -(1
H-Benzotriazole-5- Compound carbonyl)-piperidin-4-yl]-3-oxo- 184
piperazine-1 -carboxylic acid 3,5- bis-trifluoromethyl-benzyl ester
4-{4-[(1 H-Benzotriazole-5- Compound carbonyl)-amino]-cyclohexyl}- 185
piperazine-1 -carboxylic acid benzyl ester 4-{4-[(1 H-Benzotriazole-5-
Compound carbonyl)-amino]-cyclohexyl}- 186 piperazine-1 -carboxylic acid
3,5- bis-trifluoromethyl-benzyl ester 4-{4-[(1 H-Benzotriazole-5-
carbonyl)-am ino]-cyclohexyl}- Co piperazine-1 -carboxylic acid 3-
chloro-5-trifluoromethyl-benzyl ester 4-{4-[(1 H-Benzotriazole-5-
carbonyl)-amino]-cyclohexyl}- Co piperazine-1 -carboxylic acid 4-
trifluoromethylsulfanyl-benzyl ester4-{4-[(1 H-Benzotriazole-5- Compound
carbonyl)-amino]-cyclohexyl}- 



189 piperazine-1-carboxylic acid 3- fluoro-4-trifluoromethyl-benzyl ester
and the physiologically acceptable salts, derivatives, prodrugs, solvates
and stereoisomers thereof, including mixtures thereof in all ratios. For
the avoidance of doubt, if chemical name and chemical structure of the
above illustrated compounds do not correspond by mistake, the chemical
structure is regarded to unambigously define the compound. All the above
generically or explicitly disclosed compounds, including preferred
subsets/embodiments of the herein disclosed formulae (Ia), (Ib) and (II) or
(lib) and Compounds 1 to 189, are hereinafter referred to as compounds of
the (present) invention. The nomenclature as used herein for defining
compounds, especially the compounds according to the invention, is in
general based on the rules of the IUPAC organisation for chemical compounds
and especially organic compounds. The terms indicated for explanation of
the above compounds of the invention always, unless indicated otherwise in
the description or in the claims, have the following meanings: The term
"unsubstituted" means that the corresponding radical, group or moiety has
no substituents. The term "substituted" means that the corresponding
radical, group or moietyhas one or more substituents. Where a radical has a
plurality of substituents, and a selection of various substituents is
specified, the substituents are selected independently of one another and
do not need to be identical. The terms "alkyl" or "A" as well as other
groups having the prefix "alk" for the purposes of this invention refer to
acyclic saturated or unsaturated hydrocarbon radicals which may be branched
or straight-chain and preferably have 1 to 8 carbon atoms, i.e. Ci-C
8-alkanyls, C2-C8-alkenyls and C2-C8-alkynyls. Alkenyls have at least one
C-C double bond and alkynyls at least one C-C triple bond. Alkynyls may
additionally also have at least one C-C double bond. Examples of suitable
alkyl radicals are methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl,
sec-butyl, tert-butyl, n-pentyl, iso-pentyl, neo-pentyl, tert-pentyl, 2- or
3-methyl-pentyl, n-hexyl, 2-hexyl, isohexyl, n-heptyl, n-octyl, n-nonyl,
n-decyl, n-undecyl, n-dodecyl, n-tetradecyl, nhexadecyl, n-octadecyl,
n-icosanyl, n-docosanyl, ethylenyl (vinyl), propenyl (- CH2CH=CH2;
-CH=CH-CH 3, -C(=CH 2)-CH3), butenyl, pentenyl, hexenyl, heptenyl, octenyl,
octadienyl, octadecenyl, octadec-9-enyl, icosenyl, icos-1 1-enyl,
(Z)-icos-1 1- enyl, docosnyl, docos-13-enyl, (Z)-docos-13-enyl, ethynyl,
propynyl (-CH2-CCH, - CC-CH3) , butynyl, pentynyl, hexynyl, heptynyl,
octynyl. Especially preferred is C 4- alkyl. A Ci- 4-alkyl radical is for
example a methyl, ethyl, propyl, isopropyl, butyl, isobutyl, tert-butyl.
The term "(C9-C3o)alkyl" for the purposes of this invention refers to
acyclic saturated or unsaturated hydrocarbon radicals which may be branched
or straightchain and have 9 to 30 carbon atoms, i.e. C9-30-alkanyls,
C9-30-alkenyls and C9-30- alkynyls. C9-30-Alkenyls have at least one C-C
double bond and C9-30-alkynyls at least one C-C triple bond. C9-30-Alkynyls
may additionally also have at least one C-C double bond. Examples of
suitable (C9-C30)alkyl radicals are tetradecyl, hexadecyl, octadecyl,
eicosanyl, cis-1 3-docosenyl (erucyl), trans-13-docosenyl (brassidyl), cis-
15-tetracosenyl (nervonyl) and trans-15-tetracosenyl. The term "cycloalkyl"
for the purposes of this invention refers to saturated and partially
unsaturated non-aromatic cyclic hydrocarbon groups/radicals, having 1 to 3
rings, that contain 3 to 20, preferably 3 to 12, most preferably 3 to 8
carbon atoms. The cycloalkyl radical may also be part of a bi- or
polycyclic system, where, for example, the cycloalkyl radical is fused to
an aryl, heteroaryl or heterocyclyl radical as defined herein by any
possible and desired ring member(s). The bonding to the compounds of the
general formula can be effected via any possible ring member ofthe
cycloalkyl radical. Examples of suitable cycloalkyl radicals are
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl,
cyclodecyl, cyclohexenyl, cyclopentenyl and cyclooctadienyl. Especially
preferred are C3-C9-cycloalkyl and C4- C8-cycloalkyl. A C4-C8-cycloalkyl
radical is for example a cyclobutyl, cyclopentyl, 5 cyclohexyl,
cycloheptyl, cyclooctyl. The term "heterocyclyl" for the purposes of this
invention refers to a mono- or polycyclic system of 3 to 20, preferably 5
or 6 to 14 ring atoms comprising carbon atoms and 1, 2, 3, 4, or 5
heteroatoms, in particular nitrogen, oxygen and/or sulfur which are
identical or different. The cyclic system may be saturated, mono- or
polyunsaturated but may not be aromatic. In the case of a cyclic system
consisting of at least two rings the rings may be fused or spiro- or
otherwise connected. Such "heterocyclyl" radicals can be linked via any
ring member. The term "heterocyclyl" also includes systems in which the
heterocycle is part of a bi- or polycyclic saturated, partially unsaturated
and/or aromatic system, such as where the 15 heterocycle is fused to an
"aryl", "cycloalkyl", "heteroaryl" or "heterocyclyl" group as defined
herein via any desired and possible ring member of the heterocycyl radical.
The bonding to the compounds of the general formula can be effected via any
possible ring member of the heterocycyl radical. Examples of suitable
"heterocyclyl" radicals are pyrrolidinyl, thiapyrrolidinyl, piperidinyl,
piperazinyl, oxapiperazinyl, 2 0 oxapiperidinyl, oxadiazolyl,
tetrahydrofuryl, imidazolidinyl, thiazolidinyl, tetrahydropyranyl,
morpholinyl, tetrahydrothiophenyl, dihydropyranyl, indolinyl,
indolinylmethyl, imidazolidinyl, 2-aza-bicyclo[2.2.2]octanyl. The term
"aryl" for the purposes of this invention refers to a mono- or polycyclic
aromatic hydrocarbon systems having 3 to 14, preferably 5 to 14, more
preferably 6 to 10 carbon atoms. The term "aryl" also includes systems in
which the aromatic cycle is part of a bi- or polycyclic saturated,
partially unsaturated and/or aromatic system, such as where the aromatic
cycle is fused to an "aryl", "cycloalkyl", "heteroaryl" or "heterocyclyl"
group as defined herein via any desired and possible ring member of the
aryl radical. The bonding to the compounds of the general oU formula can be
effected via any possible ring member of the aryl radical. Examples of
suitable "aryl" radicals are phenyl, biphenyl, naphthyl, 1-naphthyl,
2-naphthyl and anthracenyl, but likewise indanyl, indenyl, or
1,2,3,4-tetrahydronaphthyl. The most preferred aryl is phenyl. 35 The term
"heteroaryl" for the purposes of this invention refers to a 3 to
15,preferably 5 to 14, more preferably 5-, 6- or 7-membered mono- or
polycyclic aromatic hydrocarbon radical which comprises at least 1, where
appropriate also 2, 3, 4 or 5 heteroatoms, preferably nitrogen, oxygen
and/or sulfur, where the heteroatoms are identical or different. The number
of nitrogen atoms is preferably 0, 



1, 2, or 3, and that of the oxygen and sulfur atoms is independently 0 or
1. The term "heteroaryl" also includes systems in which the aromatic cycle
is part of a bi- or polycyclic saturated, partially unsaturated and/or
aromatic system, such as where the aromatic cycle is fused to an "aryl",
"cycloalkyl", "heteroaryl" or "heterocyclyl" group as defined herein via
any desired and possible ring member of the heteroaryl radical. The bonding
to the compounds of the general formula can be effected via any possible
ring member of the heteroaryl radical. Examples of suitable "heteroaryl"
are acridinyl, benzdioxinyl, benzimidazolyl, benzisoxazolyl, benzodioxolyl,
benzofuranyl, benzothiadiazolyl, benzothiazolyl, benzothienyl,
benzoxazolyl, carbazolyl, cinnolinyl, dibenzofuranyl, dihydrobenzothienyl,
furanyl, furazanyl, furyl, imidazolyl, indazolyl, indolinyl, indolizinyl,
indolyl, isobenzylfuranyl, isoindolyl, isoquinolinyl, isoquinolyl,
isothiazolyl, isoxazolyl, naphthyridinyl, oxadiazolyl, oxazolyl,
phenazinyl, phenothiazinyl, phenoxazinyl, phthalazinyl, pteridinyl,
purinyl, pyrazinyl, pyrazolyl, pyridazinyl, pyridinyl, pyridyl,
pyrimidinyl, pyrimidyl, pyrrolyl, quinazolinyl, quinolinyl, quinolyl,
quinoxalinyl, tetrazolyl, thiadiazolyl, thiazolyl, thienyl, thiophenyl,
triazinyl, triazolyl. For the purposes of the present invention, the terms
"alkyl-cycloalkyl", "cycloalkylalkyl", "alkyl-heterocyclyl",
"heterocyclylalkyl", "alkyl-aryl", "arylalkyl", "alkyl-heteroaryl" and
"heteroarylalkyl" mean that alkyl, cycloalkyl, heterocycl, aryl and
heteroaryl are each as defined above, and the cycloalkyl, heterocyclyl,
aryl and heteroaryl radical is bonded to the compounds of the general
formula via an alkyl radical, preferably Ci-C 8-alkyl radical, more
preferably d-C 4-alkyl radical. The term "alkyloxy" or "alkoxy" for the
purposes of this invention refers to an alkyl radical according to above
definition that is attached to an oxygen atom. The attachment to the
compounds of the general formula is via the oxygen atom. Examples are
methoxy, ethoxy and n-propyloxy, propoxy, isopropoxy. Preferred is
"C1-C4-alkyloxy" having the indicated number of carbon atoms. The term
"cycloalkyloxy" or "cycloalkoxy" for the purposes of this invention refers
to a cycloalkyl radical according to above definition that is attached to
an oxygen atom. The attachment to the compounds of the general formula is
via theoxygen atom. Examples are cyclopropyloxy, cyclobutyloxy,
cyclopentyloxy, cyclohexyloxy, cycloheptyloxy, cyclooctyloxy. Preferred is
"C3-C9cycloalkyloxy" having the indicated number of carbon atoms. The term
"heterocyclyloxy" for the purposes of this invention refers to a
heterocyclyl radical according to above definition that is attached to an
oxygen atom. The attachment to the compounds of the general formulae is via
the oxygen atom. Examples are pyrrolidinyloxy, thiapyrrolidinyloxy,
piperidinyloxy, piperazinyloxy. The term "aryloxy" for the purposes of this
invention refers to an aryl radical according to above definition that is
attached to an oxygen atom. The attachment to the compounds of the general
formula is via the oxygen atom. Examples are phenyloxy, 2-naphthyloxy,
1-naphthyloxy, biphenyloxy, indanyloxy. Preferred is phenyloxy. The term
"heteroaryloxy" for the purposes of this invention refers to a heteroaryl
radical according to above definition that is attached to an oxygen atom.
The attachment to the compounds of the general formula is via the oxygen
atom. Examples are pyrrolyloxy, thienyloxy, furyloxy, imidazolyloxy,
thiazolyloxy. The term "carbonyl" or "carbonyl moiety" for the purposes of
this invention refers to a -C(O)- group. The term "alkylcarbonyl" for the
purposes of this invention refers to a "alkyl- C(O)-" group, wherein alkyl
is as defined herein. The term "alkoxycarbonyl" or "alkyloxycarbonyl" for
the purposes of this invention refers to a "alkyl-O-C(O)-" group, wherein
alkyl is as defined herein. The term "alkoxyalkyl" for the purposes of this
invention refers to a "alkyl-Oalkyl-" group, wherein alkyl is as defined
herein. The term "haloalkyl" for the purposes of this invention refers to
an alkyl group as defined herein comprising at least one carbon atom
substituent with at least one halogen as defined herein. The term
"halogen", "halogen atom", "halogen substituent" or "Hal" for the purposes
of this invention refers to one or, where appropriate, a plurality of
fluorine (F, fluoro), bromine (Br, bromo), chlorine (Cl, chloro), or iodine
(I iodo) atoms. The designations "dihalogen", "trihalogen" and "perhalogen"
refer respectively to two, three and four substituents, where each
substituent can be selected independentlyfrom the group consisting of
fluorine, chlorine, bromine and iodine. "Halogen" preferably means a
fluorine, chlorine or bromine atom. Fluorine is most preferred, when the
halogens are substituted on an alkyl (haloalkyl) or alkoxy group (e.g. CF3
and CF3O). The term "hydroxyl" or "hydroxy" means an OH group. The term
"composition", as in pharmaceutical composition, for the purposes of this
invention is intended to encompass a product comprising the active
ingredient(s), and the inert ingredient(s) that make up the carrier, as
well as any product which results, directly or indirectly, from
combination, complexation or aggregation of any two or more of the
ingredients, or from dissociation of one or more of the ingredients, or
from other types of reactions or interactions of one or more of the
ingredients. Accordingly, the pharmaceutical compositions of the present
invention encompass any composition made by admixing a compound of the
present invention and a pharmaceutically acceptable carrier. The terms
"administration of and "administering a" compound should be understood to
mean providing a compound of the invention or a prodrug of a compound of
the invention to the individualist need. As used herein, the term
"effective amount" refers to any amount of a drug or pharmaceutical agent
that will elicit the biological or medical response of a tissue, system,
animal or human that is being sought, for instance, by a researcher or
clinician. Furthermore, the term "therapeutically effective amount" means
any amount which, as compared to a corresponding subject who has not
received such amount, results in improved treatment, healing, prevention,
or amelioration of a disease, disorder, or side effect, or a decrease in
the rate of advancement of a disease or disorder. The term also includes
within its scope amounts effective to enhance normal physiological
function. All stereoisomers of the compounds of the invention are
contemplated, either in a mixture or in pure or substantially pure form.
The compounds of the invention can have asymmetric centers at any of the
carbon atoms. Consequently, they can exist in the form of their racemates,
in the form of the pure enantiomers and/or diastereomers or in the form of
mixtures of these enantiomers and/or diastereomers. 



The mixtures may have any desired mixing ratio of the stereoisomers.Thus,
for example, the compounds of the invention which have one or more centers
of chirality and which occur as racemates or as diastereomer mixtures can
be fractionated by methods known per se into their optical pure isomers,
i.e. enantiomers or diastereomers. The separation of the compounds of the
invention 5 can take place by column separation on chiral or nonchiral
phases or by recrystallization from an optionally optically active solvent
or with use of an optically active acid or base or by derivatization with
an optically active reagent such as, for example, an optically active
alcohol, and subsequent elimination of the radical. The compounds of the
invention may be present in the form of their double bond isomers as "pure"
E or Z isomers, or in the form of mixtures of these double bond isomers.
Where possible, the compounds of the invention may be in the form of the
tautomers, such as keto-enol tautomers. 15 It is likewise possible for the
compounds of the invention to be in the form of any desired prodrugs such
as, for example, esters, carbonates, carbamates, ureas, amides or
phosphates, in which cases the actually biologically active form is
released only through metabolism. Any compound that can be converted in
vivo to provide the bioactive agent (i.e. compounds of the invention) is a
prodrug within the 20 scope and spirit of the invention. Various forms of
prodrugs are well known in the art and are described for instance in: (i)
Wermuth CG et al., Chapter 3 1: 671-696, The Practice of Medicinal
Chemistry, Academic Press 1996; - -O (ii) Bundgaard H, Design of Prodrugs,
Elsevier 1985; and (iii) Bundgaard H, Chapter 5: 131-191, A Textbook of
Drug Design and Development, Harwood Academic Publishers 1991. Said
references are incorporated herein by reference. 30 It is further known
that chemical substances are converted in the body into metabolites which
may where appropriate likewise elicit the desired biological effect - in
some circumstances even in more pronounced form. Any biologically active
compound that was converted in vivo by metabolism from 35 any of the
compounds of the invention is a metabolite within the scope and spirit
ofthe invention. The compounds of the invention can, if they have a
sufficiently basic group such as, for example, a secondary or tertiary
amine, be converted with inorganic and organic acids into salts. The
pharmaceutically acceptable salts of the compounds of the invention are
preferably formed with hydrochloric acid, hydrobromic acid, iodic acid,
sulfuric acid, phosphoric acid, methanesulfonic acid, p-toluenesulfonic
acid, carbonic acid, formic acid, acetic acid, sulfoacetic acid,
trifluoroacetic acid, oxalic acid, malonic acid, maleic acid, succinic
acid, tartaric acid, racemic acid, malic acid, embonic acid, mandelic acid,
fumaric acid, lactic acid, citric acid, taurocholic acid, glutaric acid,
stearic acid, glutamic acid or aspartic acid. The salts which are formed
are, inter alia, hydrochlorides, chlorided, hydrobromides, bromides,
iodides, sulfates, phosphates, methanesulfonates, tosylates, carbonates,
bicarbonates, formates, _ acetates, sulfoacetates, triflates, oxalates,
malonates, maleates, succinates, 15 tartrates, malates, embonates,
mandelates, fumarates, lactates, citrates, glutarates, stearates,
aspartates and glutamates. The stoichiometry of the salts formed from the
compounds of the invention may moreover be an integral or non-integral
multiple of one. 20 The compounds of the invention can, if they contain a
sufficiently acidic group such as, for example, the carboxy, sulfonic acid,
phosphoric acid or a phenolic group, be converted with inorganic and
organic bases into their physiologically tolerated salts. Examples of
suitable inorganic bases are ammonium, sodium hydroxide, potassium
hydroxide, calcium hydroxide, and of organic bases are 25 ethanolamine,
diethanolamine, triethanolamine, ethylenediamine, t-butylamine,
toctylamine, dehydroabietylamine, cyclohexylamine, dibenzylethylene-diamine
and lysine. The stoichiometry of the salts formed from the compounds of the
invention can moreover be an integral or non-integral multiple of one. It
is likewise possible for the compounds of the invention to be in the form
of their solvates and, in particular, hydrates which can be obtained for
example by crystallization from a solvent or from aqueous solution. It is
moreover possible for one, two, three or any number of solvate or water
molecules to combine with the compounds of the invention to give solvates
and hydrates. By the term "solvate" is meant a hydrate, an alcoholate, or
other solvate of Gcrystallization. It is known that chemical substances
form solids which exist in different order states which are referred to as
polymorphic forms or modifications. The various modifications of a
polymorphic substance may differ greatly in their physical properties. The
compounds of the invention can exist in various polymorphic forms and
certain modifications may moreover be metastable. All these polymorphic
forms of the compounds are to be regarded as belonging to the invention.
The compounds of the invention are surprisingly characterized by a strong
and/or selective inhibition of autotaxin. Due to their surprisingly strong
and/or selective enzyme inhibition, the compounds of the invention can be
advantageously administered at lower doses compared to other less potent or
selective inhibitors of the prior art while still achieving equivalent or
even superior desired biological effects. In addition, such a dose
reduction may advantageously lead to less or even no medicinal adverse
effects. Further, the high inhibition selectivity of the compounds of the
invention may translate into a decrease of undesired side effects on its
own regardless of the dose applied. The compounds of the invention being
autotaxin inhibitors generally have an inhibition constant IC50 of less
than about 30 mM, and preferably less than about 5 mM. The object of the
present invention has surprisingly been solved in another aspect by
providing the use of a compound of the invention as autotaxin inhibitor.
The terms "inhibiting, inhibition and/or retardation" are intended to refer
for the purposes of the present invention to as follows: "partial or
complete inhibiting, inhibition and/or retardation". In this case, it is
within the specialist knowledge of the 



average person skilled in the art to measure and determine such inhibiting,
inhibition, and/or retardation by means of the usual methods of measurement
and determination. Thus, a partial inhibiting, inhibition and/or
retardation, for example, can be measured and determined in relation to a
complete inhibiting, inhibition and/or retardation.The object of the
present invention has surprisingly been solved in another aspect by
providing a process for the preparation of a compound of the invention,
comprising the steps: (a) reacting a compound of the formula (III), wherein
L is selected from the group consisting of: - GNW N Nand W1,W2, Yi, R1, R2,
R3a, R4a, V, m have the meanings as indicated supra, with a compound of the
formula (IVa) or (IVb), wherein B, Y3, R3, R4, n have the meanings as
indicated supra, and a compound selected from the group consisting of:
1,1'-carbonyldiimidazole, phosgene, diphosgene, triphosgene to yield a
compound according to formulae (Ia), (Ib) or (II) as indicated supra, in
which Z denotes "O" and Y2 denotes O"; or (b) reacting a compound of the
formula (V) wherein L is selected from the group consisting of:and B, Y2.
Y3, R3, R4, R3b, R4b, V, n, 0 have the meanings as indicated supra, with a
compound of the formula (Vl) wherein Wi, W2, R1, R2, R3a, R4a, m have the
meanings as indicated supra, to yield a compound according to formulae
(Ia), (Ib) or (II) as indicated supra, in which Zi denotes "O", and Y1
denotes "-C(O)-"; or (c) reacting a compound of the formula (VII)wherein L,
Y2, Y3, B R3, R4, R3b, R4b, n, o have the meanings as indicated supra, with
a compound of formula (VIII) wherein W1,W2, R1, R2, R10 have the meanings
as indicated supra, to yield a compound according to formulae (Ia), (Ib) or
(M) as indicated supra, in which Z1 denotes "O" and Y1 denotes
"-N(RIO)-C(OK); or (d) liberating them from one of their functional
derivatives (e.g. with protection groups) by treating them with an acidic,
basic, solvolyzing or hydrogenolyzing agent. and/or converting a base or an
acid of a compound according to formulae (Ia), (Ib) or (II) into one of its
salts. The object of the present invention has surprisingly been solved in
another aspect by providing a process for the preparation of a compound of
the invention, comprising the steps: (a) reacting a compound of the formula
(HIb), wherein L is selected from the group consisting of:X and W1,W2, Yi,
R1, R2 have the meanings as indicated supra, with a compound of the formula
(IVb), wherein B, R3, R4, n have the meanings as indicated supra, and a
compound selected from the group consisting of: 1,1'-carbonyldiimidazole,
phosgene, diphosgene, triphosgene to yield a compound according to formula
(Ib) as indicated supra, in which Z1 denotes "O" and Y2denotes "O"; or (b)
reacting a compound of the formula (Vb) wherein L is selected from the
group consisting of:and B, R3, R4, V, n have the meanings as indicated
supra, with a compound of the formula (VIb) wherein W1,W2, R1, R2 have the
meanings as indicated supra, to yield a compound according to formula (Ib)
as indicated supra, in which Z1 denotes "O", Yi denotes "-C(O)-, and
Y2denotes "single bond" or "-CH 2- or (c) reacting a compound of the
formula (VIIb) wherein L, Y2, B, R3, R4, n have the meanings as indicated
supra, with a compound of formula (VIIIb) (VIIIb)wherein W1,W2, R1, R2, R10
have the meanings as indicated supra, to yield a compound according to
formula (Ib) as as indicated supra, in which Z1 denotes "O" and Y1 denotes
"-N(RIO)-C(OK). All crude products were subjected to standard
chromatography using solvent mixtures containing methanol, ethanol,
isopropanol, n-hexane, cyclohexane or petrol ether, respectively. For a
further detailed description of the manufacturing processes, please refer
also to the examples and the following general description of the preferred
conditions. A physiologically acceptable salt of a compound of the
invention can also be obtained by isolating and/or treating the compound of
the invention obtained by the described reaction with an acid or a base.
The compounds of the invention and also the starting materials for their
preparation are, are prepared by methods as described in the examples or by
methods known per se, as described in the literature (for example in
standard works, such as Houben-Weyl, Methoden der Organischen Chemie
[Methods of Organic Chemistry], Georg Thieme Verlag, Stuttgart; Organic
Reactions, John Wiley & Sons, Inc., New York), to be precise under reaction
conditions which are known and suitable for the said reactions. Use can
also be made here of variants which are known per se, but are not mentioned
here in greater detail. The starting materials for the claimed process may,
if desired, also be formed in situ by not isolating them from the reaction
mixture, but instead immediately converting them further into the compounds
of the invention. On the other hand, it is possible to carry out the
reaction stepwise. Preferably, the reaction of the compounds is carried out
in the presence of a suitable solvent, which is preferably inert under the
respective reaction conditions. Examples of suitable solvents are
hydrocarbons, such as hexane, petroleum ether, benzene, toluene or xylene;
chlorinated hydrocarbons, such as trichlorethylene, 1,2- dichloroethane,
tetrachloromethane, chloroform or dichloromethane; alcohols, suchas
methanol, ethanol, isopropanol, n-propanol, n-butanol or tert-butanol;
ethers, such as diethyl ether, diisopropyl ether, tetrahydrofuran (THF) or
dioxane; glycol ethers, such as ethylene glycol monomethyl or monoethyl
ether or ethylene glycol dimethyl ether (diglyme); ketones, such as acetone
or butanone; amides, such as acetamide, dimethylacetamide,
dimethylformamide (DMF) or N-methyl pyrrolidinone 



(NMP); nitriles, such as acetonitrile; sulfoxides, such as dimethyl
sulfoxide (DMSO); nitro compounds, such as nitromethane or nitrobenzene;
esters, such as ethyl acetate, or mixtures of the said solvents or mixtures
with water. Polar solvents are in general preferred. Examples for suitable
polar solvents are chlorinated hydrocarbons, alcohols, glycol ethers,
nitriles, amides and sulfoxides or mixtures thereof. More preferred are
amides, especially dimethylformamide (DMF). As stated above, the reaction
temperature is between about - 100 C and 300 C, depending on the reaction
step and the conditions used. Reaction times are generally in the range
between some minutes and several days, depending on the reactivity of the
respective compounds and the respective reaction conditions. Suitable
reaction times are readily determinable by methods known in the art, for
example reaction monitoring. Based on the reaction temperatures given
above, suitable reaction times generally lie in the range between 10 min
and 48 hrs. A base of a compound of the invention can be converted into the
associated acid-addition salt using an acid, for example by reaction of
equivalent amounts of the base and the acid in a preferably inert solvent,
such as ethanol, followed by evaporation. Suitable acids for this reaction
are, in particular, those which give physiologically acceptable salts.
Thus, it is possible to use inorganic acids, for example sulfuric acid,
sulfurous acid, dithionic acid, nitric acid, hydrohalic acids, such as
hydrochloric acid or hydrobromic acid, phosphoric acids, such as, for
example, orthophosphoric acid, sulfamic acid, furthermore organic acids, in
particular aliphatic, alicyclic, araliphatic, aromatic or heterocyclic
monobasic or polybasic carboxylic, sulfonic or sulfuric acids, for example
formic acid, acetic acid, propionic acid, hexanoic acid, octanoic acid,
decanoic acid, hexadecanoic acid, octadecanoic acid, pivalic acid,
diethylacetic acid, malonic acid, succinic acid, pimelic acid, fumaric
acid, maleic acid, lactic acid, tartaric acid, malic acid, citric acid,
gluconic acid, ascorbic acid, nicotinic acid, isonicotinic acid, methane-
orethanesulfonic acid, ethanedisulfonic acid, 2-hydroxyethanesulfonic acid,
benzenesulfonic acid, trimethoxybenzoic acid, adamantanecarboxylic acid,
ptoluenesulfonic acid, glycolic acid, embonic acid, chlorophenoxyacetic
acid, aspartic acid, glutamic acid, proline, glyoxylic acid, palmitic acid,
parachlorophenoxyisobutyric acid, cyclohexanecarboxylic acid, glucose 1-
phosphate, naphthalenemono- and -disulfonic acids or laurylsulfuric acid.
Salts with physiologically unacceptable acids, for example picrates, can be
used to isolate and/or purify the compounds of the invention. On the other
hand, compounds of the invention can be converted into the corresponding
metal salts, in particular alkali metal salts or alkaline earth metal
salts, or into the corresponding ammonium salts, using bases (for example
sodium hydroxide, potassium hydroxide, sodium carbonate or potassium
carbonate). Suitable salts are furthermore substituted ammonium salts, for
example the dimethyl-, diethyl- and diisopropylammonium salts,
monoethanol-, diethanol- and diisopropanolammonium salts, cyclohexyl- and
dicyclohexylammonium salts, dibenzylethylenediammonium salts, furthermore,
for example, salts with arginine or lysine. If desired, the free bases of
the compounds of the invention can be liberated from their salts by
treatment with strong bases, such as sodium hydroxide, potassium hydroxide,
sodium carbonate or potassium carbonate, so long as no further acidic
groups are present in the molecule. In the cases where the compounds of the
invention have free acid groups, salt formation can likewise be achieved by
treatment with bases. Suitable bases are alkali metal hydroxides, alkaline
earth metal hydroxides or organic bases in the form of primary, secondary
or tertiary amines. Every reaction step described herein can optionally be
followed by one or more working up procedures and/or isolating procedures.
Suitable such procedures are known in the art, for example from standard
works, such as Houben-Weyl, Methoden der organischen Chemie [Methods of
Organic Chemistry], Georg-Thieme- Verlag, Stuttgart). Examples for such
procedures include, but are not limited to evaporating a solvent,
distilling, crystallization, fractionised crystallization, extraction
procedures, washing procedures, digesting procedures, filtration
procedures,chromatography, chromatography by HPLC and drying procedures,
especially drying procedures in vacuo and/or elevated temperature. The
object of the present invention has surprisingly been solved in another
aspect by providing a medicament comprising at least one compound of the
invention. The object of the present invention has surprisingly been solved
in another 1 aspect by providing a medicament comprising at least one
compound of the invention for use in the treatment and/or prophylaxis of
physiological and/or pathophysiological conditions, which are caused,
mediated and/or propagated by increased lysophosphatic acid levels and/or
the activation of autotaxin. A corresponding use for the preparation of a
medicament for the treatment and/or prophylaxis of the aforementioned
conditions is intended to be comprised. The object of the present invention
has surprisingly been solved in another aspect by providing a medicament
comprising at least one compound of the 20 invention for use in the
treatment and/or prophylaxis of physiological and/or pathophysiological
conditions selected from the group consisting of: "cancer, tumour,
malignant tumours, benign tumours, solid tumours, sarcomas, carcinomas,
hyperproliferative disorders, carcinoids, Ewing sarcomas, Kaposi sarcomas,
brain tumours, tumours originating from the brain and/or the nervous system
and/or the 25 meninges, gliomas, glioblastomas, neuroblastomas, stomach
cancer, kidney cancer, kidney cell carcinomas, prostate cancer, prostate
carcinomas, connective tissue tumours, soft tissue sarcomas, pancreas
tumours, liver tumours, head tumours, neck tumours, laryngeal cancer,
oesophageal cancer, thyroid cancer, osteosarcomas, retinoblastomas,
thymoma, testicular cancer, lung cancer, lung 30 adenocarcinoma, small cell
lung carcinoma, bronchial carcinomas, breast cancer, mamma carcinomas,
intestinal cancer, colorectal tumours, colon carcinomas, rectum carcinomas,
gynaecological tumours, ovary tumours/ovarian tumours, uterine cancer,
cervical cancer, cervix carcinomas, cancer of body of uterus, corpus
carcinomas, endometrial carcinomas, urinary bladder cancer, urogenital
tract 35 cancer, bladder cancer, skin cancer, epithelial tumours, squamous
epithelialcarcinoma, basaliomas, spinaliomas, melanomas, intraocular
melanomas, leukaemias, monocyte leukaemia, chronic leukaemias, chronic
myelotic leukaemia, chronic lymphatic leukemia, acute leukaemias, acute
myelotic leukaemia, acute lymphatic leukemia, lymphomas, angiogenesis,
arteriosclerosis, opthalmic diseases, 



choroidal neovascularization, diabetic retinopathy, inflammatory diseases,
arthritis, neurodegeneration, restenosis, wound healing and/or transplant
rejection". A corresponding use for the preparation of a medicament for the
treatment and/or prophylaxis of the aforementioned conditions is intended
to be comprised. Compounds of the invention may be used in combination with
one or more other active substances (ingredients, drugs) in the treatment,
prevention, suppression or amelioration of diseases or conditions for which
compounds of the invention or the other substances have utility. Typically
the combination of the drugs is safer or more effective than either drug
alone, or the combination is safer or more effective than would it be
expected based on the additive properties of the individual drugs. Such
other drug(s) may be administered, by a route and in an amount commonly
used contemporaneously or sequentially with a compound of the invention.
When a compound of the invention is used contemporaneously with one or more
other drugs, a combination product containing such other drug(s) and the
compound of the invention is preferred. However, combination therapy also
includes therapies in which the compound of the invention and one or more
other drugs are administered on different overlapping schedules. It is
contemplated that when used in combination with other active ingredients,
the compound of the present invention or the other active ingredient or
both may be used effectively in lower doses than when each is used alone.
Accordingly, the pharmaceutical compositions of the present invention
include those that contain one or more other active ingredients, in
addition to a compound of the invention. Examples of other active
substances (ingredients, drugs) that may be administered in combination
with a compound of the invention, and either administered separately or in
the same pharmaceutical composition, include, but are not limited to the
compounds classes and specific compounds listed in Table 1:Table 1
Alkylating agents Cyclophosphamide Lomustine Busulfane Procarbazine
lfosfamide Altretamine Melphalane Estramustinphosphate Hexamethylmelamine
Mechlorethamine Thiotepa Streptozocine Chlorambucil Temozolomide
Dacarbazine Semustine Carmustine Platinum agents Cisplatin Carboplatin
Oxaliplatin ZD-0473 (AnorMED) Spiroplatin Lobaplatin (AeternaZentaris)
Carboxyphthalatoplatinum Satraplatin (Johnson Tetraplatin Matthey)
Ormiplatin BBR-3464 (Hoffmann-La lproplatin Roche) SM-1 1355 (Sumitomo)
AP-5280 (Access) Antimetabolites Azacytidine Tomudex Gemcitabine
Trimetrexate Capecitabine Deoxycoformycine 5-Fluoruracil Fludarabine
Floxuridine Pentostatine 2-Chlordesoxyadenosine Raltitrexede
6-Mercaptopurine Hydroxyurea 6-Thioguanine Decitabine (SuperGen) Cytarabine
Clofarabine (Bioenvision) 2-Fluordesoxycytidine Irofulven (MGI Pharma)
Methotrexate DMDC (Hoffmann-La Roche) Idatrexate Ethinylcytidine (Taiho )
Topoisomerase Amsacrine Rubitecane (SuperGen) inhibitors Epirubicine
Exatecanmesylate (Daiichi) Etoposide Quinamed (ChemGenex) Teniposide or
Mitoxantrone Gimatecane (Sigma- Tau) lrinotecane (CPT-11) Diflomotecane
(Beaufour- 7-Ethyl-10- Ipsen) hydroxycamptothecine TAS-1 03 (Taiho)
Topotecane Elsamitrucine (Spectrum) Dexrazoxanet (TopoTarget) J-1 07088
(Merck & Co) Pixantrone (Novuspharrna) BNP-1350 (BioNumerik)
Rebeccamycin-Analogue CKD-602 (Chong Kun Dang) (Exelixis) KW-2170 (Kyowa
Hakko) BBR-3576 (Novuspharrna) Antitumor antibiotics Dactinomycin
(Actinomycin Amonafide D) Azonafide Doxorubicin (Adriamycin) Anthrapyrazole
Deoxyrubicin OxantrazoleValrubicin Losoxantrone Daunorubicin (Daunomycin)
Bleomycinsulfate (Blenoxan) Epirubicin Bleomycinacid Therarubicin Bleomycin
A ldarubicin Bleomycin B Rubidazone Mitomycin C Plicamycinp MEN-10755
(Menarini) Porfiromycin GPX-100 (Gem Cyanomorpholinodoxorubicin
Pharmaceuticals) Mitoxantron (Novantron) Antimitotic agents Paclitaxel SB
408075 Docetaxel (GlaxoSmithKline) Colchicin E7010 (Abbott) Vinblastine
PG-TXL (Cell Therapeutics) Vincristine IDN 5109 (Bayer) Vinorelbine A
105972 (Abbott) Vindesine A 204197 (Abbott) Dolastatine 10 (NCI) LU 223651
(BASF) Rhizoxine (Fujisawa) D 24851 (ASTA Medica) 



Mivobuline (Warner-Lambert) ER-86526 (Eisai) Cemadotine (BASF)
Combretastatine A4 (BMS) RPR 109881A (Aventis) Isohomohalichondrin-B TXD
258 (Aventis) (PharmaMar) Epothilon B (Novartis) ZD 6126 (AstraZeneca) T
900607 (Tularik) PEG-Paclitaxel (Enzon) T 138067 (Tularik) AZ10992 (Asahi)
Cryptophycin 52 (EIi Lilly) !DN-5109 (lndena) Vinflunine (Fabre) AVLB
(Prescient Auristatine PE (Teikoku NeuroPharma) Hormone) Azaepothilon B
(BMS) BMS 247550 (BMS) BNP- 7787 (BioNumerik) BMS 184476 (BMS) CA-4-Prodrug
(OXiGENE) BMS 188797 (BMS) Dolastatin-10 (NrH) Taxoprexine (Protarga) CA-4
(OXiGENE) Aromatase Aminoglutethimide Exemestane inhibitors Letrozole
Atamestane (BioMedicines) Anastrazole YM-511 (Yamanouchi) Formestane
Thymidylatesynthas Pemetrexed (EIi Lilly) Nolatrexed (Eximias) e inhibitors
ZD-9331 (BTG) CoFactor(tm) (BioKeys) DNA antagonists Trabectedine
(PharmaMar) Mafosfamide (Baxter Glufosfamide (Baxter International)
International) Apaziquone (Spectrum Albumin + 32P (Isotope Pharmaceuticals)
Solutions) O6-Benzylguanine (Paligent) Thymectacine (NewBiotics)
Edotreotide (Novartis)Farnesyltransferase Arglabine (NuOncology Labs)
Tipifamibe (Johnson & inhibitors lonafarnibe (Schering- Johnson) Plough)
Perillylalcohol (DOR BAY-43-9006 (Bayer) BioPharma) Pump inhibitors CBT-1
(CBA Pharma) Zosuquidar-Trihydrochloride Tariquidar (Xenova) (EIi Lilly)
MS-209 (Schering AG) Biricodar-Dicitrate (Vertex) Histoneacetyltransf
Tacedinaline (Pfizer) Pivaloyloxymethylbutyrate erase inhibitors SAHA (Aton
Pharma) (Titan) MS-275 (Schering AG) Depsipeptide (Fujisawa)
Metalloproteinase Neovastat (Aeterna CMT -3 (CollaGenex) inhibitors /
Laboratories) BMS-275291 (Celltech) Ribonucleosideredu Marimastat (British
Biotech) Tezacitabine (Aventis) ktase inhibitors Galliummaltolate (Titan)
Didox (Molecules for Health) Triapine (Vion) TNF-alpha agonists/ Virulizine
(Lorus Revimide (Celgene) antagonists Therapeutics) CDC-394 (Celgene)
Endotheline-A Atrasentane (Abbot) YM-598 (Yamanouchi) receptor ZD-4054
(AstraZeneca) antagonists Retinoic acid Fenretinide (Johnson & Alitretinoin
(Ligand) receptor agonists Johnson) LGD-1550 (Ligand) lmmunomodulators
Interferon Dexosome therapy (Anosys) Oncophage (Antigenics) Pentrix
(Australian Cancer GMK (Progenies) Technology) Adenocarzinoma vaccine
JSF-154 (Tragen) (Biomira) Cancer vaccine (Intercell) CTP-37 (AVI
BioPharma) Noreline (Biostar) JRX-2 (Immuno-Rx) BLP-25 (Biomira) PEP-005
(Peplin Biotech) MGV (Progenies) Synchrovax vaccine (CTL 13-Alethine
(Dovetail) Immuno) CLL-Thera (Vasogen) Melanoma vaccine (CTL Immuno)
p21-RAS vaccine (GemVax) Hormonal and anti- Estrogens Prednisone hormonal
agents Conjugated Estrogens Methylprednisolone Ethinylestradiole
Prednisolone Chlorotrianisen Aminoglutethimide ldenestrole Leuprolide
Hydroxyprogesteroncaproate GoserelinMedroxyprogesterone Leuporelin
Testosterone Cetrorelix Testosteronpropionate Bicalutamide Fluoxymesterone
Flutamide Methyltestosterone Octreotide Diethylstilbestrole Nilutamide
Megestrole Mitotane Tamoxifen P-04 (Novogen) Toremofine 2-Methoxyestradiol
Dexamethasone (EntreMed) Arzoxifen (EIi Lilly) Photodynamic Talaporfine
(Light Sciences) Pd-Bacteriopheophorbide agents Theralux
(Theratechnologies) (Yeda) Motexafin Gadolinium Lutetium-Texaphyrine
(Pharmacyclics) (Pharmacyclics) Hypericine Tyrosinkinase lmatinib
(Novartis) Kahalid F (PharmaMar) inhibitors Leflunomid CEP- 701 (Cephalon)
(Sugen/Pharmacia) CEP-751 (Cephalon) ZDI839 (AstraZeneca) MLN51 8
(Millenium) Erlotinib (Oncogene Science) PKC41 2 (Novartis) Canertjnib
(Pfizer) Phenoxodiol O 



Squalamin (Genaera) Trastuzumab (Genentech) SU5416 (Pharmacia) C225
(ImClone) SU6668 (Pharmacia) rhu-Mab (Genentech) ZD4190 (AstraZeneca)
MDX-H210 (Medarex) ZD6474 (AstraZeneca) 2C4 (Genentech) Vatalanib
(Novartis) MDX-447 (Medarex) PK1 166 (Novartis) ABX-EGF (Abgenix) GW2016
(GlaxoSmithKline) IMC-1C1 1 (ImClone) EKB-509 (Wyeth) EKB-569 (Wyeth)
Different agents SR-27897 (CCK-A inhibitor, BCX-1777 (PNP inhibitor,
Sanofi-Synthelabo) BioCryst) Tocladesine (cyclic-AMP Ranpimase
(Ribonuclease agonist, Ribapharm) stimulans, Alfacell) Alvocidib (CDK
inhibitor, Galarubicin (RNA synthesis Aventis) inhibitor, Dong-A) CV-247
(COX-2-lnhibitor, Ivy Tirapazamin (reducing agent, Medical) SRI
International) P54 (COX-2 inhibitor, N-Acetylcystein (reducing Phytopharm)
agent, Zambon) CapCell(tm) (CYP450 R-Flurbiprofen (NF-kappaB stimulans,
Bavarian Nordic) inhibitor, Encore) GCS-IOO (gal3 antagonist, 3CPA
(NF-kappaB inhibitor, GlycoGenesys) Active Biotech) G17DT immunogen
(Gastrin Seocalcitol (Vitamin-D inhibitor, Aphton) receptor agonist, Leo)
Efaproxiral (Oxygenator, 131-I-TM-601 (DNAAllos Therapeutics) antagonist,
TransMolecular) PI-88 (Heparanase inhibitor, Eflornithin (ODC inhibitor,
Progen) ILEX Oncology) Tesmilifen (Histamine Minodronic acid (Osteoclasts
antagonist, YM BioSciences) inhibitor, Yamanouchi) Histamine (Histamine-H2
lndisulam (p53 stimulans, receptor agonist, Maxim) Eisai) Tiazofurin (IMPDH
inhibitor, Aplidin (PPT inhibitor, Ribapharm) PharmaMar) Cilengitide
(Integrine Rituximab (CD20 antibody, antagonist, Merck KGaA) Genentech)
SR-31747 (IL-I antagonist, Gemtuzumab (CD33 Sanofi-Synthelabo) antibody,
Wyeth Ayerst) CCI-779 (mTOR kinase PG2 (Hematopoesis inhibitor, Wyeth)
enhancer, Pharmagenesis) Exisulind (PDE-V inhibitor, Immunol(tm) (Triclosan
oral Cell Pathways) irrigation, Endo) CP-461 (PDE-V inhibitor, Cell
Triacetyluridine (Undine Pathways) prodrug, Wellstat) AG-2037 (GART
inhibitor, SN-4071 (sarcoma agent, Pfizer) Signature BioScience) WX-UK1
(Plasminogen TransMID-107(tm) activator inhibitor, Wilex) (Immunotoxine, KS
PBI-1402 (PMN stimulans, Biomedix) ProMetic LifeSciences) PCK-3145
(Apoptosis Bortezomib (Proteasome enhancer, Procyon) inhibitor, Millennium)
Doranidazole (Apoptosis SRL-172 (T-cell stimulans, enhancer, PoIa) SR
Pharma) CHS-828 (cytotoxic agent, TLK-286 (Glutathione-S- Leo) transferase
inhibitor, Telik) trans-Retinoic acid PT-100 (Growth factor
(Differentiator, NIH) agonist, Point Therapeutics) MX6 (Apoptosis enhancer,
Midostaurin (PKC inhibitor, MAXIA) Novartis) Apomin (Apoptosis enhancer,
Bryostatin-1 (PKC stimulans, ILEX Oncology) GPC Biotech) Urocidine
(Apoptosis CDA-II (Apoptosis enhancer, enhancer, Bioniche) Everlife)
Ro-31-7453 (Apoptosis SDX-101 (Apoptosis enhancer, La Roche) enhancer,
Salmedix) Brostallicin (Apoptosis Ceflatonin (Apoptosis enhancer,
Pharmacia) enhancer, ChemGenex) In a preferred embodiment, a compound of
the invention is administered in combination with one or more known
anti-tumor agents, such as the following: estrogen receptor modulators,
androgen receptor modulators, retinoid receptor modulators, cytotoxics,
antiproliferative agents, prenyl proteintransferase
inhibitors,HMG-CoA-reductase inhibitors, HIV protease inhibitors, reverse
transcriptase inhibitors, angiogenesis inhibitors. The compounds of the
invention are in particular well suited for administration in combination
with radiotherapy. The synergistic effects of VEGF inhibition in
combination with radiotherapy are known to the skilled artisan (WO 00/61
186). The term "estrogen receptor modulators" in the course of the present
invention refers to compounds that interfere with or inhibit the binding of
estrogen to estrogen receptor - independently from the mode of action.
Non-limiting examples of estrogen receptor modulators are tamoxifen,
raloxifen, idoxifen, LY353381, LY 117081, toremifen, fulvestrant,
4-[7-(2,2-Dimethyl-1-oxopropoxy-4-methyl-2-[4-[2-(1-
piperidinyl)ethoxy]phenyl]-2H-1-ben2opyran-3-yl]phenyl-2,2-dimethyl-propano
ate, 4,4'-Dihydroxybenzophenon-2,4-dinitrophenylhydrazone and SH646. The
term "androgen receptor modulators" in the course of the present invention
15 refers to compounds that interfere with or inhibit the binding of
androgens to androgen receptor - independently from the mode of action.
Non-limiting examples of androgen receptor modulators are finasteride and
other 5alpha-reductase inhibitors, nilutamide, flutamide, bicalutamide,
liarozole and abirateron acetate. The term "retinoid receptor modulators"
in the course of the present invention refers to compounds that interfere
with or inhibit the binding of retinoids to retinoid 



receptor - independently from the mode of action. Non-limiting examples of
retinoid receptor modulators are bexaroten, tretinoin, 13-cis-retinoic
acid, 9-cis-retinoic acid, alpha-difluoromethylornithine, ILX23-7553,
trans-N-(4'-Hydroxyphenyl)retinamide and N-4-carboxyphenylretinamide. 25
The term "cytotoxics" in the course of the present invention refers to
compounds that primarily trigger cell death through direct action on cell
function(s) or which interfere with or inhibit cell myosis, such as
alkylating agents, tumor necrosis factors, intercalating agents,
microtubule inhibitors and topoisomerase inhibitors. Nonlimiting examples
of cytotoxics are tirapazimin, sertenef, cachectine, ifosfamide, oU
tasonermine, lonidamine, carboplatin, altretamine, prednimustine,
dibromodulcit, ranimustine, fotemustine, nedaplatin, oxaliplatin,
temozolomide, heptaplatin, estramustin, improsulfan-tosylate, trofosfamide,
nimustine, dibrospidium-chloride, pumitepa, lobaplatin, satraplatin,
profiromycin, cisplatin, irofulven, dexifosfamide,
cis-amindichloro(2-methylpyridine)platin, benzylguanine, glufosfamide,
GPX100, 35(trans,trans ltrans)-bis-mu-(hexane-1
6-diamine)-mu-[diamine-platin(ll)]bis-
[diamine(chloro)platin(ll)]-tetrachloride, diarizidinylspermine, arsenium
trioxide, 1- ( 11-Dodecylamino-10-hydroxyundecyl)-3,7-dimethylxanthine,
zorubicin, idarubicin, daunorubicin, bisantren, mitoxantron, pirarubicin,
pinafide, valrubicine, amrubicine, antineoplaston, 3'-desamino-3'-mo f
holino-13-desoxo-10-hydroxycarminomycin, annamycin, galarubicin, elinafide,
MEN 10755 and 4-desmethoxy-3-desamino-3-
aziridinyl-4-methylsulfonyl-daunorubicin (WO 00/50032). Non-limiting
examples of microtubule inhibitors are paclitaxel, vindesine-sulfate,
3',4'-dideshydro-4'-desoxy-8'-norvincaleukoblastine, docetaxol, rhizoxine,
dolastatine, mivobuline-isethionate, auristatine, cemadotine, RPR1 09881,
BMS1 84476, vinflunine, cryptophycine, 2,3,4,5,6-pentafluoro-N-(3-fluoro-4-
methoxyphenyl)-benzenesulfonamide, anhydrovinblastine,
N,N-dimethyl-L-valyl-Lvalyl-
N-methyl-L-valyl-L-prolyl-L-proline-t-butylamide, TDX258 and BMS1 88797.
Non-limiting examples of topoisomerase inhibitors are topotecane,
hycaptamine, irinotecane, rubitecane,
6-ethoxypropionyl-3',4'-O-exo-benzylidene-chartreusine, 9-
methoxy-N,N-dimethyl-5-nitropyrazolo[3,4,5-kl]acridine-2-(6H)propanamine,
1-
amino-9-ethyl-5-fluoro-2,3-dihydro-9-hydroxy-4-methyl-1H,12H-benzo-[de]-pyr
ano- [3',4':b,7]indolizino[1 ,2b]quiinoline-1 0,1 3(9H, 15H)-dione,
lurtotecane, 7-[2-(Nisopropylamino) ethylH20S)camptothecine, BNP1350, BNP1
1100, BN80915, BN80942, etoposide-phosphate, teniposide, sobuzoxane,
2'-dimethylamino-2 ldesoxy- etoposide, GL331 ,
N-[2-(dimethylamino)ethyl]-9-hydroxy-5,6-dimethyl-6Hpyrido[
4,3-b]carbazole-1 -carboxamide, asulacrine, (5a,5aB,8aa,9b)-9-[2-[N-[2-
(dimethylamino)ethyl]-N-methylamino]ethyl]-5-[4-hydroxy-3,5-dimethoxyphenyl
]- 5,5a,6,8,8a,9-hexohydrofuro(3',4':6,7)naphtho(2,3-d)-1 ,3-dioxol-6-one,
2,3- (methylendioxy)-5-methyl-7-hydroxy-8-methoxybenzo[c]phenanthridinium,
6,9- bis[(2-aminoethyl)amino]-benzo[g]isoquinoline-5,10-dione,
5-(3-aminopropylamino)-
7,10-dihydroxy-2-(2-hydroxyethylaminomethyl)-6H-pyrazolo[4,5,1-de]-acridine
-6- one,
N-[1-[2(diethylamino)ethylamino]-7-methoxy-9-oxo-9H-thioxane-then-4-
ylmethyl]formamide, N-(2-(dimethyl-amino)-ethyl)acridine-4-carboxamide,
6-[[2- (dimethylamino)-ethyl]amino]-3-hydroxy-7H-indeno[2,
1-c]quinolin-7-one and dimesna. Non-limiting examples of antiproliferative
agents are antisense RNA- and antisense-DNA oligonucleotides, such as
G3139, ODN698, RVASKRAS, GEM231 and INX3001 , as well as antimetabolites
scuh as enocitabine, carmofur, tegafur,pentostatine, doxifluridine,
trimetrexate, fludarabine, capecitabine, galocitabine, cytarabin-ocfosfate,
fosteabine sodiumhydrate, raltitrexed, paltitrexide, emitefur, tiazofurine,
decitabine, nolatrexed, pemetrexed, nelzarabine, 2'-desoxy-2'-
methylidencytidine, 2'-fluoromethylen-2'-desoxycytidine, N-[5-(2,3-
dihydrobenzofuryl)sulfonyl]-N'-(3,4-dichlorophenyl)urea,
N6-[4-desoxy-4-[N2-
^(EJ.^EHetradecadienoyllglycylaminoj-L-glycero-B-L-mannoheptopyranosyl]
adenine, aplidine, ecteinascidine, troxacitabine, 4-[2-amino-4-oxo-
4,6,7,8-tetrahydro-3H-pyrimidino[5,4-b][1,4]thiazine-6-yl-(S)-ethyl]-2,5-th
ienoyl-Lglutaminic acid, aminopterine, 5-fluorouracil, alanosine,
11-acetyl-8- (carbamoyloxymethyl)-4-formyl-6-methoxy-14-oxa-1 ,1
1-diaza-tetracyclo-(7.4.1 .0.0)- tetradeca-2,4,6-trien-9-ylacetic acid
ester, swainsonine, lometrexole, dexrazoxane, methioninase,
2'-cyan-2'-desoxy-N4-palmitoyl-1-B-D-arabinofuranosylcytosine and
S-aminopyridine^-carboxaldehyde-thiosemicarbazone. "Antiproliferative
agents" also comprises monoclonal antibodies against growth factors that
have not been listed under "angiogenesis inhibitors", such as trastuzumab,
as well as tumor suppressor genes, such as p53. In another aspect of the
invention, a medicament according to above aspects and embodiments is
provided, wherein in such medicament comprises at least one additional
pharmacologically active substance (drug, ingredient). In a preferred
embodiment the at least one pharmacologically active substance is a
substance as described herein. In another aspect of the invention, a
medicament according to above aspects and embodiments is provided, wherein
the medicament is applied before and/or during and/or after treatment with
at least one additional pharmacologically active substance. In a preferred
embodiment the at least one pharmacologically active substance is a
substance as described herein.In another aspect of the invention, a
pharmaceutical composition comprising a therapeutically effective amount of
at least one compound of the invention is provided. In a preferred
embodiment, the pharmaceutical composition contains at least one additional
compound selected from the group consisting of physiologically acceptable
excipients, auxiliaries, adjuvants, diluents, carriers and/or additional
pharmaceutically active substance other than the compounds of the
invention. In another aspect of the invention, a pharmaceutical composition
is disclosed which comprises at least one compound of the invention, at
least one pharmacologically active substance other than the compounds of
the invention as described herein; and a pharmaceutically acceptable
carrier. A further embodiment of the present invention is a process for the
manufacture of said pharmaceutical compositions, characterized in that one
or more compounds according to the invention and one or more compounds
selected from the group consisting of solid, liquid or semiliquid
excipients, auxiliaries, adjuvants, diluents, carriers and pharmaceutically
active agents other than the compounds according to 



the invention, are converted in a suitable dosage form. In another aspect
of the invention, a kit is provided comprising a therapeutically effective
amount of at least one compound of the invention and/or at least one
pharmaceutical composition as described herein and a therapeutically
effective amount of at least one further pharmacologically active substance
other than the compounds of the invention. The pharmaceutical compositions
of the present invention may be administered by any means that achieve
their intended purpose. For example, administration may be by oral,
parenteral, topical, enteral, intravenous, intramuscular, inhalant, nasal,
intraarticular, intraspinal, transtracheal, transocular, subcutaneous,
intraperitoneal, transdermal, or buccal routes. Alternatively, or
concurrently, administration may be by the oral route. The dosage
administered will be dependent upon the age, health, and weight of the
recipient, kind of concurrent treatment, if any, frequency oftreatment, and
the nature of the effect desired. Parenteral administration is preferred.
Oral administration is especially preferred. Suitable dosage forms include,
but are not limited to capsules, tablets, pellets, dragees, semi-solids,
powders, granules, suppositories, ointments, creams, lotions, inhalants,
injections, cataplasms, gels, tapes, eye drops, solution, syrups, aerosols,
suspension, emulsion, which can be produced according to methods known in
the art, for example as described below: tablets: mixing of active
ingredient/s and auxiliaries, compression of said mixture into tablets
(direct compression), optionally granulation of part of mixture before
compression. capsules: mixing of active ingredient/s and auxiliaries to
obtain a flowable powder, optionally granulating powder, filling
powders/granulate into opened capsules, capping of capsules. semi-solids
(ointments, gels, creams): dissolving/dispersing active ingredient/s in an
aqueous or fatty carrier; subsequent mixing of aqueous/fatty phase with
complementary fatty/ aqueous phase, homogenization (creams only).
suppositories (rectal and vaginal): dissolving/dispersing active
ingredient/s in carrier material liquified by heat (rectal: carrier
material normally a wax; vaginal: carrier normally a heated solution of a
gelling agent), casting said mixture into suppository forms, annealing and
withdrawal suppositories from the forms. aerosols: dispersing/dissolving
active agent/s in a propellant, bottling said mixture into an atomizer. In
general, non-chemical routes for the production of pharmaceutical
compositions and/or pharmaceutical preparations comprise processing steps
on suitable mechanical means known in the art that transfer one or more
compounds ofthe invenion into a dosage form suitable for administration to
a patient in need of such a treatment. Usually, the transfer of one or more
compounds of the invention into such a dosage form comprises the addition
of one or more compounds, selected from the group consisting of carriers,
excipients, auxiliaries and pharmaceutical active ingredients other than
the compounds of the invention. Suitable processing steps include, but are
not limited to combining, milling, mixing,granulating, dissolving,
dispersing, homogenizing, casting and/or compressing the respective active
and non-active ingredients. Mechanical means for performing said processing
steps are known in the art, for example from Ullmann's Encyclopedia of
Industrial Chemistry, 5th Edition. In this respect, active ingredients are
preferably at least one compound of the invention and one or more
additional compounds other than the compounds of the invention, which show
valuable pharmaceutical properties, preferably those pharmaceutical active
agents other than the compounds of the invention, which are disclosed
herein. Particularly suitable for oral use are tablets, pills, coated
tablets, capsules, powders, granules, syrups, juices or drops, suitable for
rectal use are suppositories, suitable for parenteral use are solutions,
preferably oil-based or aqueous solutions, furthermore suspensions,
emulsions or implants, and suitable for topical use are ointments, creams
or powders. The compounds of the invention may also be lyophilised and the
resultant lyophilisates used, for example, for the preparation of injection
preparations. The preparations indicated may be sterilised and/or comprise
assistants, such as lubricants, preservatives, stabilisers and/or wetting
agents, emulsifiers, salts for modifying the osmotic pressure, buffer
substances, dyes, flavours and/or a plurality of further active
ingredients, for example one or more vitamins. Suitable excipients are
organic or inorganic substances, which are suitable for enteral (for
example oral), parenteral or topical administration and do not react with
the compounds of the invention, for example water, vegetable oils, benzyl
alcohols, alkylene glycols, polyethylene glycols, glycerol triacetate,
gelatine, carbohydrates, such as lactose, sucrose, mannitol, sorbitol or
starch (maize starch, wheat starch, rice starch, potato starch), cellulose
preparations and/or calcium phosphates, for example tricalcium phosphate or
calcium hydrogen phosphate, magnesium stearate, talc, gelatine, tragacanth,
methyl cellulose, hydroxypropylmethylcellulose, sodium
carboxymethylcellulose, polyvinyl pyrrolidone and/or vaseline. If desired,
disintegrating agents may be added such as the above-mentioned starches and
also carboxymethyl-starch, cross-linked polyvinyl pyrrolidone, agar, or
alginic acid or a salt thereof, such as sodium alginate. Auxiliaries
include, without limitation, flow-regulating agents and lubricants, for
example, silica, talc, stearic acid or salts thereof, such as magnesium
stearate or calcium stearate, and/or polyethylene glycol. Dragee cores are
provided with suitable coatings, which, ifdesired, are resistant to gastric
juices. For this purpose, concentrated saccharide solutions may be used,
which may optionally contain gum arabic, talc, polyvinyl pyrrolidone,
polyethylene glycol and/or titanium dioxide, lacquer solutions and suitable
organic solvents or solvent mixtures. In order to produce coatings
resistant to gastric juices or to provide a dosage form affording the
advantage of prolonged action, the tablet, dragee or pill can comprise an
inner dosage and an outer dosage component me latter being in the form of
an envelope over the former. The two components can be separated by an
enteric layer, which serves to resist disintegration in the stomach and
permits the inner component to pass intact into the 10 duodenum or to be
delayed in release. A variety of materials can be used for such enteric
layers or coatings, such materials including a number of polymeric acids
and mixtures of polymeric acids with such materials as shellac, acetyl
alcohol, solutions of suitable cellulose preparations such as
acetyl-cellulose phthalate, cellulose acetate or
hydroxypropylmethyl-cellulose phthalate, are used. Dye stuffs or 15
pigments may be added to the tablets or dragee coatings, for example, for
identification or in order to characterize combinations of active compound
doses. 



Suitable carrier substances are organic or inorganic substances which are
suitable for enteral (e.g. oral) or parenteral administration or topical
application and do not react with the novel compounds, for example water,
vegetable oils, benzyl 2 0 alcohols, polyethylene glycols, gelatin,
carbohydrates such as lactose or starch, magnesium stearate, talc and
petroleum jelly. In particular, tablets, coated tablets, capsules, syrups,
suspensions, drops or suppositories are used for enteral administration,
solutions, preferably oily or aqueous solutions, furthermore suspensions,
emulsions or implants, are used for parenteral administration, and
ointments, creams or powders are used for topical application. The
compounds of the invention can also be lyophilized and the lyophilizates
obtained can be used, for example, for the production of injection
preparations. The preparations indicated can be sterilized and/or can
contain excipients such as lubricants, preservatives, stabilizers and/or
wetting agents, emulsifiers, salts for U affecting the osmotic pressure,
buffer substances, colorants, flavourings and/or aromatizers. They can, if
desired, also contain one or more further active compounds, e.g. one or
more vitamins. Other pharmaceutical preparations, which can be used orally
include push-fit 35 capsules made of gelatine, as well as soft, sealed
capsules made of gelatine and aplasticizer such as glycerol or sorbitol.
The push-fit capsules can contain the active compounds in the form of
granules, which may be mixed with fillers such as lactose, binders such as
starches, and/or lubricants such as talc or magnesium stearate and,
optionally, stabilizers. In soft capsules, the active compounds are
preferably dissolved or suspended in suitable liquids, such as fatty oils,
or liquid paraffin. In addition, stabilizers may be added. The liquid forms
in which the novel compositions of the present invention may be
incorporated for administration orally include aqueous solutions, suitably
flavoured syrups, aqueous or oil suspensions, and flavoured emulsions with
edible oils such as cottonseed oil, sesame oil, coconut oil or peanut oil,
as well as elixirs and similar pharmaceutical vehicles. Suitable dispersing
or suspending agents for aqueous suspensions include synthetic and natural
gums such as tragacanth, acacia, alginate, dextran, sodium
carboxymethylcellulose, methylcellulose, polyvinyl pyrrolidone or gelatine.
Suitable formulations for parenteral administration include aqueous
solutions of the active compounds in water-soluble form, for example,
water-soluble salts and alkaline solutions. In addition, suspensions of the
active compounds as appropriate oily injection suspensions may be
administered. Suitable lipophilic solvents or vehicles include fatty oils,
for example, sesame oil, or synthetic fatty acid esters, for example, ethyl
oleate or triglycerides or polyethylene glycol-400 (the compounds are
soluble in PEG-400). Aqueous injection suspensions may contain substances,
which increase the viscosity of the suspension, including, for example,
sodium carboxymethyl cellulose, sorbitol, and/or dextran, optionally, the
suspension may also contain stabilizers. For administration as an
inhalation spray, it is possible to use sprays in which the active
ingredient is either dissolved or suspended in a propellant gas or
propellant gas mixture (for example CO2 or chlorofluorocarbons). The active
ingredient is advantageously used here in micronized form, in which case
one or more additional physiologically acceptable solvents may be present,
for example ethanol. Inhalation solutions can be administered with the aid
of conventional inhalers. Possible pharmaceutical preparations, which can
be used rectally include, for example, suppositories, which consist of a
combination of one or more of the activecompounds with a suppository base.
Suitable suppository bases are, for example, natural or synthetic
triglycerides, or paraffin hydrocarbons. In addition, it is also possible
to use gelatine rectal capsules, which consist of a combination of the
active compounds with a base. Possible base materials include, for example,
liquid triglycerides, polyethylene glycols, or paraffin hydrocarbons. For
use in medicine, the compounds of the present invention will be in the form
of pharmaceutically acceptable salts. Other salts may, however, be useful
in the preparation of the compounds of the invention or of their
pharmaceutically acceptable salts. Suitable pharmaceutically acceptable
salts of the compounds of this invention include acid addition salts which
may, for example be formed by mixing a solution of the compound according
to the invention with a solution of a pharmaceutically acceptable acid such
as hydrochloric acid, sulphuric acid, methanesulphonic acid, fumaric acid,
maleic acid, succinic acid, acetic acid, benzoic acid, oxalic acid, citric
acid, tartaric acid, carbonic acid or phosphoric acid. Furthermore, where
the compounds of the invention carry an acidic moiety, suitable
pharmaceutically acceptable salts thereof may include alkali metal salts,
e.g. sodium or potassium salts; alkaline earth metal salts, e.g. calcium or
magnesium salts; and salts formed with suitable organic bases, e.g.
quaternary ammonium salts. The pharmaceutical preparations can be employed
as medicaments in human and veterinary medicine. As used herein, the term
"effective amount" means that amount of a drug or pharmaceutical agent that
will elicit the biological or medical response of a tissue, system, animal
or human that is being sought, for instance, by a researcher or clinician.
Furthermore, the term "therapeutically effective amount" means any amount
which, as compared to a corresponding subject who has not received such
amount, results in improved treatment, healing, prevention, or amelioration
of a disease, disorder, or side effect, or a decrease in the rate of
advancement of a disease or disorder. The term also includes within its
scope amounts effective to enhance normal physiological function. Said
therapeutic effective amount of one or more of the compounds of the
invention is known to the skilled artisan or can be easily determined by
standard methods known in the art. The compounds of the invention and the
additional active substances are generally administered analogously to
commercial preparations. Usually, suitable doses that are therapeutically
effective lie in the range between 0.0005 mg and1000 mg, preferably between
0.005 mg and 500 mg and especially between 0.5 mg and 100 mg per dose unit.
The daily dose is preferably between about 0.001 mg/kg and 10 mg/kg of body
weight. Those of skill will readily appreciate that dose levels can vary as
a function of the specific compound, the severity of the symptoms and the
susceptibility of the subject to side effects. Some of the specific
compounds are more potent than others. Preferred dosages for a given
compound are readily determinable by those of skill in the art by a variety
of means. A preferred means is to measure the physiological potency of a
given compound. 



For the purpose of the present invention, all mammalian species are
regarded as being comprised. In a preferred embodiment, such mammals are
selected from the group consisting of "primate, human, rodent, equine,
bovine, canine, feline, domestic animals, cattle, livestock, pets, cow,
sheep, pig, goat, horse, pony, donkey, hinny, mule, hare, rabbit, cat, dog,
guinea pig, hamster, rat, mouse". More preferably, such mammals are humans.
Animal models are of interest for experimental investigations, providing a
model for treatment of human diseases. The specific dose for the individual
patient depends, however, on the multitude of factors, for example on the
efficacy of the specific compounds employed, on the age, body weight,
general state of health, the sex, the kind of diet, on the time and route
of administration, on the excretion rate, the kind of administration and
the dosage form to be administered, the pharmaceutical combination and
severity of the particular disorder to which the therapy relates. The
specific therapeutic effective dose for the individual patient can readily
be determined by routine experimentation, for example by the doctor or
physician, which advises or attends the therapeutic treatment. In the case
of many disorders, the susceptibility of a particular cell to treatment
with the subject compounds may be determined by in vitro testing. Typically
a culture of the cell is combined with a subject compound at varying
concentrations for a period of time sufficient to allow the active agents
to show a relevant reaction, usually between about one hour and one week.
For in vitro testing, cultured cells from a biopsy sample may be used.Even
without further details, it is assumed that a person skilled in the art
will be able to utilise the above description in the broadest scope. The
preferred embodiments should therefore merely be regarded as descriptive
disclosure, which is absolutely not limiting in any way. Above and below,
all temperatures are indicated in 0C. In the following examples,
"conventional work-up" means that, if necessary, the solvent is removed,
water is added if necessary, the pH is adjusted, if necessary, to between 2
and 10, depending on the constitution of the end product, the mixture is
extracted with ethyl acetate or dichloromethane, the phases are separated,
the organic phase is washed with saturated NaHCO3 solution, if desired with
water and saturated NaCI solution, is dried over sodium sulfate, filtered
and evaporated, and the product is purified by chromatography on silica
gel, by preparative HPLC and/or by crystallisation. The purified compounds
are, if desired, freeze-dried. Mass spectrometry (MS): ESI (electrospray
ionisation) (M+H)+ List of Abbreviations and Acronyms: AcOH acetic acid,
anh anhydrous, atm atmosphere(s), BOC tert-butoxycarbonyl CDI 1,1'-carbonyl
diimidazole, cone concentrated, d day(s), dec decomposition, DMAC
NN-dimethylacetamide, DMPU 1,3-dimethyl-3,4,5,6-tetrahydro-2(IH)-
pyrimidinone, DMF NN-dimethylformamide, DMSO dimethylsulfoxide, DPPA
diphenylphosphoryl azide, EDCI
1-(3-dimethylaminopropyl)-3-ethylcarbodiimide, EtOAc ethyl acetate, EtOH
ethanol (100%), Et2O diethyl ether, Et3N triethylamine, h hour(s), MeOH
methanol, pet. ether petroleum ether (boiling range 30-60C), temp.
temperature, THF tetrahydrofuran, TFA trifluoroAcOH, Tf
trifluoromethanesulfonyl. The contents of all cited references are hereby
incorporated by reference in their entirety. The invention is explained in
more detail by means of the following examples without, however, being
restricted thereto.Examples I. Synthesis of selected compounds of the
invention The following compounds were synthesized and characterized.
However, it lies in the knowledge of a person skilled in the art to prepare
and characterize these compounds differently. Example 1 Synthesis of
4-[1-(1 H-benzotriazole-5-carbonyl)-piperidin-4-yl]-piperazin-1-
carbonic-acid-3,5-dichloro-benzylester 8 a. N-Boc-piperazin 1 (50.0 g, 268
mmol) and precursor 2 (70.0 g, 300 mmol) were given to MeOH (700 ml_),
sodium-acetoxaboronhydride (70.0 g, 330 mmol) was added at RT. It was
stirred for 15 h at RT. The main part of MeOH was removed in vacuo via a
rotating evaporator. The residue was taken up in ethylacetate (400 mL) and
washed with water (300 ml_). The aqueous phase was extracted with
ethylacetate (200 mL), and the organic phases were pooled and dried with
sodium sulphate. After filtration, the mixture was concentrated in vacuo
until dryness and could be directly used without further processing
(colourless oil 3, 101 g, 255 mmol, 95%). b. Intermediate 3 (101 g, 255
mmol) was given to THF ( 1 L), Pd/C-5% (22.0 g, 52,3 % water) was added. It
was stirred under hydrogen atmosphere andstandard pressure for 16 h. Ca. 6
L hydrogen were used up. The reaction mixture was filtrated and
concentrated in vacuo until dryness. The yellowish-oily product 4
crystallized slowly und was used without further processing (58.9 g, 219
mmol, 86%). c. IH-benzotriazole- -carbonic-acid 5 (5.00 g, 18.6 mmol) and
intermediate 4 (3.00 g, 18.4 mmol) were added to DMF (30 mL),
N-(3-dimethylaminopropyl)-N'- ethylcarbodiimide hydrochloride (3.60 g, 18.8
mmol) and 4-methylmorpholine (2.60 mL, 23.6 mmol) were added at RT. It was
stirred for 15 h at RT. The reaction mixture was concentrated in vacuo
until dryness and directly purified . via column chromatography (gradient
with ethylacetate/methanol). A colourless solid was yielded (6, 3.40 g,
8.20 mmol, 44%). d. Intermediate 6 (3.40 g, 8.20 mmol) was taken up in
2-propanol (10 mL), 6N HCI in 2-Propanol (25 mL) were added and stirring
was continued for 5 h at RT. The reaction mixture was concentrated in vacuo
until dryness and the residue was comminuted with diethyl ether. The
precipitate was filtrated, washed with diethyl ether and dried. Colourless
solid 7 as dihydrochloride was yielded (3.15 g, 8.13 mmol, 99%). e. .
-dichlorobenzylalcohol (75.4 mg, 0.42 mmol) was dissolved in DMF (3 mL),
1,1'-carbonyldiimidazole (68,1 mg, 0.42 mmol) was added, and stirring was
continued for 2 h at RT. To this mixture intermediate 7 (148 mg, 0.42 mmol)
was added at RT. Stirring was continued for 18 h at RT. The reaction
mixture was poured onto water (20 mL) and extracted twice with ethyl
acetate. The pooled organic phases were dried with sodium sulphate,
filtrated and concentrated in vacuo until dryness. The residue was purified
via column chromatography (gradient with ethyl acetate/ methanol). The
resulting colourless solid is product 8 (142 mg, 0.27 mmol, 65%). Analogous
to above description, the following amines were used instead of 



intermediate 4: R = H, Me, CH2CH2NMe 2 C O CAnalogously, intermediate 5 was
replaced by the following acids: Example 2 Synthesis of
6-(4-{4-[3-(4-trifluoromethyl-phenyl)-propionyl]-piperazin-1-yl}-
piperidine-1-carbonyl)-3H-benzooxazol-2-one 14 f .
3-(4-trifluoromethyl-phenyl)-propionic acid 9 (4.70 g, 2 1.5 mmol) was
taken up in thionylchloride (16 ml_, 220 mmol) and boiled for 2h under
reflux. The reaction mixture was concentrated in vacuo until dryness and
was directly used without further purification. A reddish-brown oil was
yielded (10, 4.87 g, 20.6 mmol, 96%). g. Intermediate 4 (51 5 mg, 1.91
mmol) was given to DMF (5 ml_), triethylamine (0.80 mL, 5.74 mmol) was
added at RT. Subsequently, at the same temperature the acid chloride 10
(905 mg, 3.83 mmol), dissolved in DMF ( 1 mL) was addeddropwise. It was
stirred for 15 h at RT. The reaction mixture was poured onto water and
extracted twice with ethyl acetate. The pooled organic phases were dried
over sodium sulphate, filtrated and concentrated in vacuo until dryness. A
colourless solid was yielded (11, 792 mg, 1.69 mmol, 88%), which was used
without further purification. h. Intermediate 11 (0.75 g, 1.60 mmol) was
taken up in 6N HCI in 2-propanol (10 mL) and stirring was continued for 1 h
at RT. The reaction mixture was concentrated in vacuo until dryness and the
residue was comminuted with diethyl ether. The precipitate was filtrated,
washed with diethyl ether and dried. A colourless solid 12 was yielded as
dihydrochloride (545 mg, 1.26 mmol, 79%). i.
2-oxo-2,3-dihydro-benzooxazole-6-carbonic-acid 13 (38.6 mg, 0.22 mmol),
intermediate 12 (95.5 mg, 0.22 mmol) and 4-methylmorpholine (0.72 mL, 0.66
mmol) were given to DMF (3 mL). N-(3-dimethylaminopropyl)-N'-
ethylcarbodiimide hydrochloride (41.4 mg, 0.22 mmol) and 1-
hydroxybenzotriazolehydrate (29,2 mg, 0.2 mmol) were added at RT. It was
stirred for 15 h at RT. The reaction mixture was poured onto water and
extracted twice with ethyl acetate. The pooled organic phases were dried
over sodium sulphate, filtrated and concentrated in vacuo until dryness.
The oily residue was comminuted with diethyl ether, and the emerging solid
was filtered off. A colourless solid (14, 50.4 mg, 0.09 mmol, 44%) in high
purity was yielded. Analogous to above description, the following amines
were used instead of intermediate 4: Analogously, intermediate 13 was
replaced by the following acids:Example 3: Synthesis of 4-[4-(1
H-benzotriazol-5-ylcarbamoyl)-2-oxopyrrolidin-1 -yl]- piperidine-1
-carbonic-acid-4-chloro-benzylester 19 j . 5-amino-1H-benzotriazole 15
(2.15 g, 16.0 mmol) and commercially available 1-
[1-(tert-butoxycarbonyl)-4-piperidinyl]-5-oxo-3-pyrrolidincarbonic-acid 16
(5.00 g, 16.0 mmol) were given to DMF (30 ml_).
N-(3-dimethylaminopropyl)-N'- ethylcarbodiimide hydrochloride (3.07 g, 16.0
mmol) and 1- hydroxybenzotriazolehydrate (2.16 g, 16.0 mmol) were added at
RT. It was stirred for 15 h at RT. The reaction mixture was poured onto
water and extracted twice with ethyl acetate. The pooled organic phases
were dried over sodium sulphate, filtrated and concentrated in vacuo until
dryness. The residue was recrystallized in a bit methanol/diethyl ether and
dried. A colourless solid was yielded (17, 5.20 g, 12.1 mmol, 76%). k .
Analogously to h. above, intermediate 17 (5.00 g, 11.7 mmol) in 6N HCI was
reacted in 2-propanol (50 mL) ( 1 h at RT). The reaction mixture was
concentrated in vacuo until dryness and the residue was recrystallized from
methanol/diethyl ether and dried. A colourless solid 18 was yielded as
hydrochloride (2.79 g, 7.65 mmol, 65%). I. Analogously to e. above,
4-chlorobenzylalcohol (86.8 mg, 0.61 mmol), 1,1'- carbonyldiimidazole (98,8
mg, 0.61 mmol) and intermediate 18 (222 mg, 0.61 mmol) were reacted at RT
in DMF (3 mL). Stirring was continued for 18 h at RT. The reaction mixture
was poured onto water and extracted twice with ethyl acetate. The pooled
organic phases were dried over sodium sulphate, filtrated and concentrated
in vacuo until dryness. The residue was purified via columnchromatography
(gradient with ethyl acetate/methanol). The resulting colourless solid is
product 19 (157 mg, 0.32 mmol, 52%). Analogously, the following educts were
used instead of educt 15: ,NH. S ,NH O o < 1 Analogously to 16, the
following commercially available compounds were used: Example 4: Synthesis
of 4-[5-(2-Oxo-2,3-dihydro-benzooxazol-6-y!carbamoyl )-pyridin-3-yl]-
piperazin-1 -carbonic-acid-4-chloro-benzylester 24: m. Analogously to e.
4-chlorobenzylalcohol (508 mg, 2.86 mmol), 1,1'- carbonyldiimidazole (464
mg, 2.86mmol) and intermediate 20 (1.00 g, 2.86 mmol) were reacted at RT in
DMF (5 ml_). Stirring was continued for 18 h bei RTThe reaction mixture was
poured onto water and the emerging precipitate was filtrated and washed
with water. The resulting colourless solid in high purity is intermediate
22 (986 mg, 2.44 mmol, 85%). n. Intermediate 22 was taken up in 20 ml
ethanol and a solution of LiOH ( 117 mg, 4.88 mmol) in 2 mL water was added
dropwise at RT. Stirring was continued over night at RT. The reaction
mixture was concentrated in vacuo until dryness. The residue was taken up
in water, adjusted to pH 5 with 2N HCI, the precipitating product filtrated
and dried. Intermediate 23 was yielded as colourless solid (812 mg, 2.16
mmol, 88%). o. 6-amino-3H-benzooxazol-2-one (59.9 mg, 0.40 mmol) and
intermediate 23 (150 mg, 0.40 mmol) were given to DMF (5 mL).
N-(3-dimethylaminopropyl)-N'- ethylcarbodiimide hydrochloride (76.5 g, 0.40
mmol) and 1- hydroxybenzotriazole (53.9 mg, 0.40 mmol) were added at RT. It
was stirred for 15 h at RT. The reaction mixture was poured onto water and
extracted twice with ethyl acetate. The pooled organic phases were dried
over sodium sulphate, filtrated and concentrated in vacuo until dryness.
The residue was recrystallized from ethyl acetate/diethyl ether and dried.
A colourless solid was yielded as product (24, 189 mg, 0.37 mmol, 93%).
Example 5: Synthesis of
4-[3-(1H-benzotriazol-5-ylcarbamoyl)-phenyl]-piperazin-1-
carbosaure-4-chloro-benzylester 27:Analogously to e. 4-chlorobenzylalcohol
(200 mg, 1.40 mmol), 1,1'- carbonyldiimidazole (250 mg, 1.54 mmol) and
intermediate 25 (289 mg, 1.40 mmol) were reacted at RT in dichloromethan (5
ml_). Stirring was continued for 



3 d at 500C in a pressure piston. The reaction mixture was washed
threetimes with water. The organic phase was dried over sodium sulphate,
filtrated and concentrated in vacuo until dryness. The resulting yellowish
oil is intermediate 26 (520 mg, 0.93 mmol, 66%), which was used without
further purification. 5-amino-1 H-benzotriazole 15 (40.0 mg, 0.30 mmol),
intermediate 26 (230 mg, 0.41 mmol) and N-methylmorpholine (0.10 mL, 0.91
mmol) were given to DMF (3 mL).
N-(3-dimethylaminopropyl)-N'-ethylcarbodiimide hydrochlorid (80.0 g, 0.42
mmol) and 1-hydroxybenzotriazole (60.0 mg, 0.44 mmol) were added at RT. It
was stirred for 15 h at RT. The reaction mixture was concentrated in vacuo
and directly purified via column chromatography (gradient with ethyl
acetate/methanol). The residue was taken up in a 0.1 M HCI solution in
isopropanol and concentrated in vacuo until dryness. A colourless solid was
yielded as hydrochloride (27, 108 mg, 0.20 mmol, 68%). Example 6: Synthesis
of 4-[1-(2-1 H-Benzotriazol-5-yl-acetyl)-piperidin-4-yl]-piperazine-1-
carboxylic acid 3,5-bis-trifluoromethyl-benzyl ester r.
(3,4-Diamino-phenyl)-acetic acid ethyl ester (5.00 g, 25.7 mmol) was
dissolved in a mixture of acetic acid (20 mL) and water (20 mL) and cooled
to below 5C in an ice bath. Sodium nitrite (2.66 g, 36.6 mmol) in 20 mL of
water was added dropwise to the mixture, kept below 1O0C. The reaction
mixture was stirred for3h at RT. Ethyl acetate was added and the organic
layer was washed with water and brine, dried over sodium sulfate and the
solvent was removed to give 5,27 g (25.7 mmol, 100%) of a brownish oil,
which was used without further purification. s. Compound 28 5,27 g (25.7
mmol) was dissolved in water (25 mL) and EtOH (10 ml_) and NaOH (5.00 g,
125 mmol) dissolved in water (75 mL) was added at RT. The solution was
stirred at reflux for 3 h and the solvent was removed under vacuum. The
residue was dissolved in water and treated with HCI 5-6N in 2- propanol to
pH 4. The mixture was stirred and brownish crystals were colleczed and
identified as compound 29 (4.20 g, 19.7 mmol, 77%). The compound was used
without further purification. In analogy to the general procedures c-e
compound 30 was synthesized. Example 7: Synthesis of 1-{4-[1-(1
H-Benzotriazole-5-carbonyl)-piperidin-4-yl]-piperazin-1-yl}-2-
(4-trifluoromethoxy-phenoxy)-ethanone t . 7 (100 mg, 0.26 mmol) was
dissolved in dichloromethan (2 mL), then triethyl 2 5 amine (0.1 1 mL, 0.79
mmol) was added at 00C followed by compound 31 (130 mg, 0.50 mmol). It was
stirred at RT for 18 h. The mixture was diluted with ethyl acetate and
washed with water 3 times and with brine once. The organic layer was dried
over sodium sulfate, filtered and the solvent evaporated under reduced
pressure. The residue was purified by chromatography Q
(methanol/dichloromethane, gradient) to result in a colorless solid
identified as 32 (70.9 mg, 0.12 mmol, 48%). 35Example 8: Synthesis of
4-[1-(2-Oxo-2,3-dihydro-benzooxazole-6-sulfonyl)-piperidin-4-yl]-
piperazine-1-carboxylic acid 3-chloro-5-trifluoromethyl-benzyl ester u. 4
(0.54 g, 2.00 mmol) and triethyl amine (0.28 ml_, 2.00 mmol) was dissolved
in dichloromethane (30 ml_) and 33 (0.47 g, 2.00 mmol) was added at RT
slowly. It was stirred for additional 16 h at RT. The mixture was washed
with water, dried over sodium sulfate and the solvent was evaporated. The
residue was purified by chromatography (ethyl acetate) to result in a
colorless solid identified as 34 (0.29 g, 0.62 mmol, 31%). In analogy to
the general procedures d-e compound 35 was synthesized. Example 9:
Synthesis of 4-{4-[(1 H-Benzotriazole-
-carbonylJ-aminoJ-cyclohexy^-piperazine-i carboxylic acid
3-chloro-5-trifluoromethyl-benzyl esterv. Compound 36 ( 1.20 g, 5.63 mmol)
and compound 37 ( 1.50 g, 6.81 mmol) were dissolved in methanol (100 ml.)
and sodium triacetoxyborohydride (1.50 g, 7.07 mmol) was added at RT
slowly. The mixture was stirred for 18 h at RT. The solvent was evaporated
and the residue redissolved in dichloromethane. The organic phase was
washed with saturated sodium hydrogencarbonate solution. This aqueous
solution was extracted with dichloromethane. The combined organic layers
were dried over sodium sulphate, filtered and evaporated to dryness. The
crude solid compound 38 (1.90 g, 4.55 mmol, 81%) was used without further
purification. In analogy to the general procedures d, c, b. and e compound
39 was synthesized. Example 10: Synthesis of
4-[3-(2-Oxo-2,3-dihydro-benzooxazol-6-yl)-4,5-dihydro-pyrazol-1 -yl]-
piperidine-1-carboxylic acid 4-trifluoromethyl-benzyl ester and
4-[3-(2-Oxo-2,3- dihydro-benzooxazol-
q-yO-pyrazol-i-yll-piperidine-i-carboxylic acid 4- trifluoromethyl-benzyl
ester in analogy to e 44 45w. 40 (480 mg, 2.13 mmol) and 41 (490 mg, 1.76
mmol) were suspended in ethanol (3 ml_). To this suspension triethyl amine
(0.73 ml_, 5.28 mmol) were added dropwise at RT. It was stirred additional
6 h at RT. The precipitate was filtered off and washed with diethyl ether
and dried in vacuo. Compound 42 was obtained as a yellow solid (346 mg,
0.92 mmol), which was used without further purification. x. 42 (340 mg,
0.90 mmol) was dissolved in methanol (10 mL) Pd/C-5% (52.3 % water, 0.40 g)
was added and the mixture was stirred under H2 atmosphere for 18 h. at RT.
The catalyst was filtered off and the solvent was evaporated. 220 mg (0.77
mmol, 85%) of a colorless solid identified as 43 were obtained, which was
used without further purification. In analogy to procedure e the carbamate
of compound 43 (70.0 mg, 0.244 mmol) was formed. Besides the expected
compound 44 (26 mg, 0.05 mmol, 22%) also compound 45 (26.0 mg, 0.05, 22 %)
was isolated by chromatography (dichloromethane/methanol, 1:9). An overview
about further analogously synthesized compounds of the invention including
physico-chemical parameters for all compounds of the invention is given in
Table 2. Table 2IMPROVED DETECTION OF GENE EXPRESSION FIELD OF THE
INVENTION The present invention is concerned with the detection of CTAG1B,
CTAG2, PRAME 



and/or MageA3 gene expression. More specifically, the invention relates to
methods of detecting methylated or unmethylated forms of CTAG1B, CTAG2,
PRAME and/or MageA3 and associated oligonucleotides, primers, probes,
primer pairs and kits. The methods of the invention involve amplification
techniques, in particular fluorescence based real-time and end-point PCR
methods, and have diagnostic, prognostic and therapeutic utility.
BACKGROUND TO THE INVENTION Cancer testis (CT) antigens Cancer testis (CT)
antigens are a class of tumour-associated antigens with expression normally
restricted to germ cells in the testis, ovaries or trophoblast cells. These
antigens are not usually expressed in adult somatic tissues (Simpson, et
al., Nat. Rev. Cancer, 5(8):61 5-625 (2005); Scanlan, et al., Immunol.
Reviews, 188:22- 32 (2002); Scanlan, et al., Cane. Immun., 4:1 -15 (2004)).
The gene regulation of CT antigens is disrupted in cancer patients, leading
to the aberrant expression of these antigens in a wide variety of tumours.
The first CT antigen to be identified, MAGE-1 , was identified in the early
1990s by T-cell epitope cloning (van der Bruggen et al, 1991 Science 13;
254(5038): 1643-7; van der Bruggen et al, 1999 Science 254:1643-1647;
Traversah, et al, 1992 Immunogenetics, 35(3): 145-1 52; and U.S. Patent No.
5,342,774, incorporated by reference). Since then, serological expression
cloning technique (SEREX) (Sahin, et al., Proc. Natl. Acad. Sci. USA,
92(25):1 1810-1 1813 (1995) and U.S. Patent No. 5,698,396), recombinant
antigen expression on yeast surface (RAYS) (Mischo, et al., Cane. Immun.,
3:5-16 (2003)) and differential mRNA expression analysis (Gure, et al.,
Int. J. Cane, 85(5):726-732 (2000)) have led to the identification of more
CT antigens. The immunogenicity of some CT antigens in cancer patients
makes them an ideal target for the development of tumour vaccines.The
identification of tumour-associated antigens recognized by cellular or
humoral effectors of the immune system has opened new perspectives for
cancer immunotherapy. The concept of immunotherapy is based on the
assumption that antigenic proteins expressed in tumors can be used as
targets in therapeutic approaches employing the autologous immune system.
Antigen-Specific Cancer lmmunotherapeutics (ASCI) allow targeted treatment.
ASCI have two principal components: "tumor antigens" to direct the immune
response specifically against the cancer cell and "adjuvant systems" that
comprise immuno-stimulation compounds selected to increase the anti-tumour
immune response. CTAG1B. A cancer testis antigen currently of interest for
use in cancer immunotherapy is cancer/testis antigen 1B encoded by the
CTAG1B gene(also known under gene alias NY-ESO-1). This antigen was first
identified by SEREX in an oesophageal squamous cell carcinoma in the late
90's at the New York Branch of the Ludwig Institute for Cancer Research
(Chen, et al., PNAS USA, 94(5):1914-1918 (1997); and U.S. Patent No.
5,804,381, incorporated by reference). The protein CTAG1 B is 180 amino
acids in length and has been found in a wide variety of tumours, including
but not limited to ovarian cancer, lung cancer, breast cancer, prostate
cancer, oesophageal cancer, bladder cancer and in melanomas. (Konishi J et
al. Oncol Rep. 2004 May;1 1(5): 1063-7; Nicholaou T et al, Immunol Cell
Biol. 2006 Jun;84(3):303-17; Sugita Y et al. Cancer Res. 2004 Mar 15;
64(6):21 99-204; Velazquez EF et al. Cancer Immun. 2007 JuI 12;7:1 1 and
Jungbluth et al. 2001 , Int. J . Cane, 92(6):856-860). Spontaneous humoral
and cellular immune responses against this antigen have been described in
patients with CTAG1Bpositive tumours, and a number of HLA (Human Leukocyte
Antigen) class I- and IIrestricted peptides have been identified (Jager, et
al., 1998 J. Exp. Med., 187(2):265- 270; Yamaguchi, et al., 2004 Clin.
Cane. Res., 10(3):890-961 ; and Davis, et al., 2004 Proc. Natl. Acad. Sci.
USA, 101 (29): 10697- 10702). Exemplary of the patent literature are U.S.
Patent Nos. 6,140,050; 6,251 ,603; 6,242,052; 6,274,145; 6,338,947;
6,417,165; 6,525,177; 6,605,71 1 ; 6,689,742; 6,723,832; 6,756,044; and
6,800,730, all incorporated by reference. In a clinical trial, three
partially overlapping CTAG1B derived peptides with binding motifs to HLA-A2
(157-167, 157-165 and 155-163) have been used in a vaccine to treat twelve
patients with metastatic NY-ESO-1 expressing tumours. This study
demonstrated thatsynthetic NY-ESO-1 peptides can be administered safely and
are capable of generating potentially beneficial T cell responses (Jager,
et al., 2000 PNAS USA, 97(22): 121 98- 12203). A number of MHC (major
histocompatibility complex) class I and Il epitopes in the protein have
been identified by different groups. The collagen-like region in the
N-terminal contains at least one MHC class I epitope referred to herein as
A31. The central region comprises several MHC class 2 epitopes referred to
herein as DR1 , DR2, DR4, DR7 and DP4. This region also contains several
MHC class I epitopes referred to herein as B35, B51 , Cw3 and Cw6. The
C-terminal is believed to contain at least two class Il epitopes (DR4 and
DP4) and one class I epitope (A2). CTAG2. Because of its high sequence
similarity with CTAG1, a further cancer testis antigen of possible interest
for immunotherapy is CTAG2 (also known as gene alias LAGE-1). Two CTAG2
transcripts have been described, LAGE-I a and LAGE-I b. LAGE-I b is
incompletely spliced and codes for a putative protein of approximately 210
amino acids residues, while the LAGE-I a gene product contains 180 amino
acid residues (Sun et al. Cancer Immunol Immunother 2006: 55: 644-652). The
N-terminal regions of the LAGE-1 and NY-ESO-1 proteins are highly conserved
and are thought to have more than 97% identity. However, LAGE-1 differs
from NY-ESO-1 in the central regions which are only 62% identical. The
C-terminals of NY-ESO-1 and LAGE-Ia are highly conserved (more than 97%
identity). However, the C-terminal of LAGE-I b is longer and is thought to
have less than 50% identity with the same region in LAGE-1 a/NY-ESO-1.
General information relating to these two proteins is available from the
LICR web site (see www.cancerimmunity.org/CTdatabase ) . PRAME.
Preferentially expressed antigen of melanoma, PRAME, was first isolated as
a gene encoding a human melanoma antigen recognized by melanoma reactive
cytotoxic T-cells (CTL). PRAME has not been designated a CT gene due to its
trace level of expression in some normal adult tissues, including
endometrium and adrenal glands. However, PRAME does exhibit the other main
characteristics of CT genes, i.e. strongexpression in the testis and
up-regulation in various tumours including melanoma (97%), sarcoma (80%),
small-cell lung cancer (70%), renal cell carcinoma (40%), and head and neck
cancer (29%). Five alternatively spliced transcript variants encoding the
same protein have been observed for this gene. The putative protein of 509
amino acids possesses well-characterized epitopes presented on HLA_A24 and
HLA-A2 molecules. MaqeA3 MAGE genes belong to the family of cancer/testis
antigens. The MAGE family of genes comprises over 20 members and is made up
of MAGE A, B, C and D genes 



(Scanlan et al, (2002) Immunol Rev. 188:22-32; Chomez et al, (2001) Cancer
Res. 61(14):5544-51). They are clustered on chromosome X (Lucas et al.,
1998 Cancer Res. 58.743-752; Lucas et al., 1999 Cancer Res 59:4100-4103;
Lucas et al., 2000 lnt J Cancer 87:55-60; Lurquin et al., 1997 Genomics
46:397-408; Muscatelli et al., 1995 Proc Natl Acad Sci USA 92:4987-4991 ;
PoId et al., 1999 Genomics 59:161-167; Rogner et al 1995 Genomics
29:725-731), and have a yet undefined function (Ohman et al 2001 Exp Cell
Res. 265(2): 185-94). The MAGE genes are highly homologous and the members
of the MAGE-A family, especially, have between 60-98% homology. The human
MAGE-A3 gene is expressed in various types of tumours, including melanoma
(Furuta et al. 2004 Cancer Sci. 95, 962-968.), bladder cancer,
hepatocellular carcinoma (Qiu et al. 2006. Clinical Biochemistry 39,
259-266), gastric carcinoma (Honda et al. 2004 British Journal of Cancer
90, 838-843), colorectal cancer (Kim et al. 2006 World Journal of
Gastroenterology 12, 5651-5657) and lung cancer (NSCLC)(Scanlan et al 2002
Immunol Rev. 188:22-32; Jang et al 2001 Cancer Res. 61, 21: 7959-7963). No
expression has been observed in any normal adult tissues with the only
exception of testicular germ cells or placenta (Haas et al. 1988 Am J
Reprod Immunol Microbiol 18:47-51; Takahashi et al. 1995 Cancer Res
55:3478-382). It is important to have quantitative high throughput assays
capable of specifically identifying CTAG1B-, CTAG2- and/or PRAME-expressing
patients that would benefit from immunotherapy, monitoring CTAG1B-, CTAG2-
and/or PRAME-expression for dosage purpose, identifying CTAG1B-, CTAG2-
and/or PRAME-expressing samples in clinical trials, or simply to identify
at an early stage patients with cancer. A number of applicable diagnostic
methods have been described and apply RNA extraction and RTPCR (in for
instance: Odunsi et al., Cancer Research 63, 6076-6083, 2003; Sharma et
al., Cancer Immunity, Vol. 3, p.19, 2003).The greatest disadvantage of the
existing assays is that they require RNA isolation to assess CTAG1B, CTAG2
and/or PRAME expression. Formalin-Fixed, Paraffin- Embedded (FFPE) tumour
tissue is the usual method of tumour tissue preservation within clinical
centres. The fixation in formalin changes the structure of molecules of RNA
within the tissue, causing cross linking and also partial degradation. The
partial degradation leads to the creation of smaller pieces of RNA of
between 100-300 base pairs. These structural changes to the RNA limit the
use of RNA extracted from FFPE tissue to measure CTAG1B-, CTAG2- and/or
PRAME expression levels. Gene methylation Gene methylation is an important
regulator of gene expression. In particular, methylation at cytosine
residues found in CpG di-nucleotide pairs in the promoter region of
specific genes can contribute to many disease conditions through down
regulation of gene expression. For example, aberrant methylation of tumour
suppressor genes can lead to up or down regulation of these genes and is
thus associated with the presence and development of many cancers (Hoffmann
et al. 2005 Biochem Cell Biol 83: 296-321). Patterns of aberrant gene
methylation are often specific to the tissue of origin. Accordingly,
detection of the methylation status of specific genes may be of prognostic
and diagnostic utility and can be used to both determine the relative stage
of a disease and also to predict response to certain types of therapy
(Laird. 2003 Nat Rev Cancer 3: 253-266). The methylation status of CTAG1B-,
CTAG2- and/or PRAME has been studied to some extent in cancer tissues. It
has been suggested that DNA methylation is the molecular mechanism directly
responsible for the high expression of PRAME gene in chronic myeloid
leukemia (CLM). Analysis of the PRAME promoter, exoni and exon2 has
revealed that PRAME possesses three CpG islands: a 201 bp island located
within the promoter, a 204 bp island within exoni and a 310 bp island
within exon2, of which only CpG islands within exon2 showed epigenetic
regulation (Gomez-Roman et al. Leukemia Research 3 1 (2007) 1521-1528). In
combination with DNA-truncation/transfection experiments with respect to
DNA methylation, it was also shown that changes in the methylation pattern
in defined parts of the regulatory regions of PRAME are sufficient for its
upregulation in cells usually not expressing the gene.The methylation
status of LAGE-1 has also been studied (De Smet et al. (1999) Molecular and
Cellular Biology:7327-7335). Due to the high sequence similarity of LAGE-1
and LAGE-2/NY-ESO-1 it has been difficult to distinguish between the
methylation-status of the promoter sequences of those two genes.
Methylation-Specific PCR (MSP) with visualization of the results on a gel
(gel-based MSP assay) is widely used to determine epigenetic silencing of
genes (Esteller M et al. Cancer Res 2001 ;61 :3225-9.), although
quantitative tests using other technologies have been developed ( Laird
PW., Nat Rev Cancer 2003;3:253-66; Eads et al. Nucleic Acids Res 2000;
28:E32; Mikeska T, et al. J MoI Diagn 2007). A number of fluorescence based
technologies are available for real-time monitoring of nucleic acid
amplification reactions. One such technology is described in US 6,090,552
and EP 0912597 and is commercially known as Amplifluor(r). This method is
also suitable for end-point monitoring of nucleic acid amplification
reactions. Vlassenbroeck et al. (Vlassenbroeck et al.,2008. Journal of
Molec. Diagn., V10, No. 4) describe a standardized direct, real-time MSP
assay with use of the Amplifluor(r) technology. An object of the present
invention is to provide improved assays that eliminate the disadvantages of
the existing assays. SUMMARY OF THE INVENTION The present invention relates
to improved methods and/or assays of measuring expression. The present
invention further relates to certain types of therapy, in particular
Antigen-Specific Cancer lmmunotherapeutics (ASCI) based treatment of
patients identified as expressing CTAG1 B, CTAG2, PRAME and/or MageA3
through use of oligonucleotides, primers, probes, primer pairs, kits and/or
methods as described herein. CTAG1B, CTAG2, PRAME and/or MageA3 (protein)
expression is detected by determining the methylation status of the CTAG1B,
CTAG2, PRAME and/or MageA3 gene rather than measuring the expression level
of the gene itself. The inventors show that the methylation status result
of their methylation tests is in good concordance with results obtained
with the RT-PCR assay for CTAG1B, CTAG2 and/or PRAMEexpression in NSCLC
melanoma and breast cancer samples. In case of samples, e.g. fine needle
biopsies from non-Small Lung Cancer, for which qRT-PCR prove difficult,
protein expression detected by determining the methylation status of the
MageA3 gene provides a valuable alternative. The assays are thus useful for
selecting patients (suitable) for treatment, for predicting the likelihood
of successful treatment of a patient and can be used to aid patient therapy
selection. In one aspect, the present invention provides an
oligonucleotide, primer or probe comprising or consisting essentially of or
consisting of the nucleotide sequence of any of SEQ ID NO. 1, 2 , 3, 4 , 5,
6, 7 , 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24,
25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 44,
6 1, 62 or 63; 



which oligonucleotide, primer or probe is useful for the detection of the
methylation status of a gene. The oligonucleotide, primer or probe
preferably comprises, consists essentially of or consists of the following
contiguous sequences in 5' to 3' order: (a) a first nucleotide sequence of
between approximately 6 and 30 nucleotides, wherein a nucleotide within
said first nucleotide sequence is labelled with a first moiety selected
from the donor moiety and the acceptor moiety of a molecular energy
transfer pair, wherein the donor moiety emits fluorescence at one or more
particular wavelengths when excited, and the acceptor moiety absorbs and/or
quenches said fluorescence emitted by said donor moiety; (b) a second,
single-stranded nucleotide sequence comprising, consisting essentially of
or consisting of between approximately 3 and 20 nucleotides; (c) a third
nucleotide sequence comprising, consisting essentially of or consisting of
between approximately 6 and 30 nucleotides, wherein a nucleotide within
said third nucleotide sequence is labelled with a second moiety selected
from said donor moiety and said acceptor moiety, and said second moiety is
the member of said group not labelling said first nucleotide sequence,
wherein said third nucleotide sequence is complementary in reverse order to
said first nucleotide sequence such that a duplex can form between said
first nucleotide sequence and said third nucleotide sequence such that said
first moiety and second moiety are in proximity such that, when the donor
moiety is excited and emitsfluorescence, the acceptor moiety absorbs and
quenches said fluorescence emitted by said donor moiety; and (d) at the
31end of the primer, a fourth, single-stranded nucleotide sequence
comprising, consisting essentially of or consisting of between
approximately 8 and 40 nucleotides that comprises at its 3' end the
nucleotide sequence of any of SEQ ID NO. 2, 4, 6, 8, 10, 12, 14, 16, 18,
20, 22, 24, 26, 28, 30, 32, 34, 36, 38, 40, 42, 44, 62 and 63; wherein when
said duplex is not formed, said first moiety and said second moiety are
separated by a distance that prevents molecular energy transfer between
said first and second moiety. The specific nucleotide sequences at the 3'
end permit the methylation status of the CTAG1B, CTAG2, PRAME and/or MageA3
gene to be determined. These primers bind preferentially to unmethylated
forms of the CTAG1B, CTAG2, PFRAME and/or MageA3 gene following treatment
with an appropriate reagent (as discussed herein). Properties of these
oligonucleotides are discussed herein, which discussion applies mutatis
mutandis. The specific nucleotide sequences are able to prime synthesis by
a nucleic acid polymerase of a nucleotide sequence complementary to a
nucleic acid strand comprising the portion of the methylated or
unmethylated DNA of the CTAG1B, CTAG2, PRAME and/or MageA3 family gene.
Most preferably, the oligonucleotide, primer or probe consists of the
nucleotide sequence of SEQ ID NO. 1, 3, 5, 7, 9, 11, 13, 15, 17, 19, 21,
23, 25, 27, 29, 3 1, 33, 35, 37, 39, 4 1 or 6 1 and is used to amplify a
portion of the gene of interest. Further provided is a primer pair
comprising a primer comprising or consisting essentially of or consisting
of the nucleotide sequence of any of SEQ ID NO. 1, 2 , 3, 4 , 5, 6, 7, 8,
9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 2 1, 22, 23, 24, 25, 26, 27,
28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 44, 61, 62 or
63. Suitable primer pairs may be readily determined by one skilled in the
art, based on a sense and an antisense primer directing amplification of an
appropriate portion of the relevant gene (as discussed herein). Examples of
primer pairs of the invention are set forth in Table 1. Claim 6 also
recites suitable primer pairs.In a further aspect, there is provided a kit
comprising at least one primer, primer pair or set of primers comprising or
consisting essentially of or consisting of the nucleotide sequence of any
of SEQ ID NO. 1, 2, 3 , 4 , 5, 6 , 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17,
18, 19, 20, 2 1, 22, 23, 24, 25, 26, 27, 28, 29, 30, 3 1, 32, 33, 34, 35,
36, 37, 38, 39, 40, 4 1, 42, 44, 6 1, 62 or 63. The kit is for detecting
the methylation status of a gene, in particular a gene such as CTAG1B,
CTAG2, PRAME and/or MageA3. In a further aspect, the invention provides for
a method of detecting the methylation status of the CTAG1B, CTAG2, PRAME
and/or MageA3 gene in a DNA-containing sample, comprising: (a)
contacting/treating the DNA-containing sample with a reagent which
selectively modifies unmethylated cytosine residues in the DNA to produce
detectable modified residues but which does not modify methylated cytosine
residues (b) amplifying at least a portion of the methylated or
unmethylated gene of interest using at least one primer pair, at least one
primer of which is designed to bind only to the sequence of methylated or
unmethylated DNA respectively following treatment with the reagent, wherein
at least one primer in the primer pair comprises, consists essentially of,
or consists of a nucleotide sequence of any of SEQ ID NO. 1, 2, 3, 4, 5, 6,
7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25,
26, 27, 28, 29, 30, 3 1, 32, 33, 34, 35, 36, 37, 38, 39, 40, 4 1 42, 44, 6
1, 62 or 63 (as appropriate). In a further aspect, there is provided a
method of diagnosing cancer or predisposition to cancer comprising
detecting the methylation status of the CTAG1B, CTAG2, PRAME and/or MageA3
gene in a sample by using an oligonucleotide, primer or probe, primer pair,
kit or a method as described herein, wherein the presence of unmethylated
CTAG1B, CTAG2, PRAME and/or MageA3 in the sample is indicative for cancer
or predisposition to cancer. In a further aspect, there is provided a
method for determining the presence of CTAG1B, CTAG2, PRAME and/or MageA3
positive tumor comprising detecting the methylation status of the CTAG1B,
CTAG2, PRAME and/or MageA3 gene in a sample by using an oligonucleotide,
primer or probe, primer pair, kit or a method as described herein,wherein
the presence of unmethylated CTAG1B, CTAG2, P(RAME and/or MageA3 is
indicative for the presence of a CTAG1B, CTAG2, PRAME and/or MageA3
positive tumor. By " CTAG1B, CTAG2, PRAME and/or MageA3 positive tumor" is
meant any tumor or tumor ceils (isolated from a patient) which express the
CTAG1B, CTAG2, PRAME and/or MageA3 antigen. The invention further provides
a method for identifying and/or selecting a patient suitable for treatment
with a CTAG 1B, CTAG2, PRAME and/or MageA3 immunotherapeutic comprising
detecting the methylation status of the CTAG1 B, CTAG2, PRAME and/or MageA3
gene in a sample of the patient by using an oligonucleotide, primer or
probe, primer pair, kit or a method as described herein, wherein if the
CTAG1B, CTAG2, PRAME and/or MageA3 gene is unmethylated the subject is
(preferably) identified and/or selected for treatment with the CTAG1B,
CTAG2, PRAME and/or MageA3 



immunotherapeutic. Thus, patients with unmethylated CTAG1B, CTAG2, PRAME
and/or MageA3 are preferred to those in which the gene is methylated.
Alternatively, if the gene is not unmethylated the subject is preferably
not identified and/or selected for treatment with a CTAG1B, CTAG2, PRAME
and/or MageA3 immunotherapeutic. In a related aspect, the invention
provides a method for predicting the likelihood of successful treatment of
cancer comprising detecting the methylation status of the CTAG1 B, CTAG2,
PRAME and/or MageA3 gene in a sample of the patient by using an
oligonucleotide, primer or probe, primer pair, kit or a method as described
herein, wherein if the gene is unmethylated the likelihood of successful
treatment with a C CTAG1B, CTAG2, PRAME and/or MageA3 immunotherapeutic is
higher than if the gene is methylated. Alternatively, the absence of
unmethylated CTAG1B, CTAG2, PRAME and/or MageA3 in the sample indicates
that the likelihood of resistance to treatment with a CTAG1B, CTAG2, PRAME
and/or MageA3 immunotherapeutic is higher than if the gene is unmethylated.
Thus, the detection of a methylated CTAG1B, CTAG2, PRAME and/or MageA3 gene
indicates that the probability of successful treatment with an
immunotherapeutic is low.In a further related aspect, the invention
provides a method of selecting a suitable treatment regimen for cancer
comprising detecting the methylation status of the CTAG1B, CTAG2, PRAME
and/or MageA3 gene in a sample of the patient by using an oligonucleotide,
primer or probe, primer pair, kit or a method as described herein, wherein
if the gene is unmethylated, an immunotherapeutic is selected for
treatment. Alternatively, if the gene is not unmethylated, treatment with
an immunotherapeutic is contra-indicated. Also provided is a method of
treating cancer in a subject comprising administration of an
immunotherapeutic, wherein the subject has been selected for treatment on
the basis of measuring the methylation status of a CTAG1B, CTAG2, PRAME
and/or MageA3 gene, according to any of the methods of the invention or by
using an oligonucleotide, primer or probe, primer pair, kit or a method as
described herein. Preferably, for all of the different aspects described
herein, the detection of unmethylated CTAG1B, CTAG2, PRAME and/or MageA3
gene corresponds to an increased level of CTAG1B, CTAG2, PRAME and/or
MageA3 protein. The present invention further provides a method of treating
a patient comprising: measuring the methylation status of a CTAG1B, CTAG2,
PRAME and/or MageA3 gene according to any of the methods of the invention
and/or by using an oligonucleotide, primer or probe, primer pair, kit or a
method as described herein, and then administering to the patient a
composition comprising CTAG1B CTAG2, PRAME and/or MageA3 as described
herein. The composition is preferably administered if the CTAG1B, CTAG2,
PRAME and/or MageA3 gene is found to be unmethylated. In a further aspect
there is provided a method of treating a patient susceptible to recurrence
of a CTAG1B, CTAG2, PRAME and/or MageA3 expressing tumour, the patient
having been treated to remove tumour tissue, the method comprising:
measuring the methylation status of a CTAG1B, CTAG2, PRAME and/or MageA3
gene in the tumour tissue, according to any of the methods of the invention
or by using an oligonucleotide, primer or probe, primer pair, kit or a
method as described herein, andthen administering to the patient a
composition comprising CTAG1B, CTAG2, PRAME and/or MageA3 as described
herein. The composition is preferably administered if the CTAG1B, CTAG2,
PRAME and/or MageA3 gene is found to be unmethylated. In a still further
aspect of the present invention there is provided a use of a composition
comprising CTAG1B, CTAG2, PRAME and/or MageA3 in the manufacture of a
medicament for the treatment of a patient suffering from a tumour, in which
a patient has been selected for treatment on the basis of measuring the
methylation status of a CTAG1B, CTAG2, PRAME and/or MageA3 gene, according
to any of the methods of the invention or by using an oligonucleotide,
primer or probe, primer pair, kit or a method as described herein. There is
also provided a composition comprising CTAG1B, CTAG2, PRAME and/or MageA3
for use in the treatment of a patient suffering from a tumour, in which a
patient has been selected for treatment on the basis of measuring the
methylation status of a CTAG1B, CTAG2, PRAME and/or MageA3 gene, according
to any of the methods of the invention or by using an oligonucleotide,
primer or probe, primer pair, kit or a method as described herein. In a yet
further embodiment there is provided a use of a composition comprising
CTAG1B, CTAG2, PRAME and/or MageA3 in the manufacture of a medicament for
the treatment of a patient susceptible to recurrence of a CTAG1B, CTAG2,
PRAME and/or MageA3 expressing tumour, in which a patient has been selected
for treatment on the basis of measuring the methylation status of a CTAG1B,
CTAG2, PRAME and/or MageA3 gene, according to any of the methods of the
invention or by using an oligonucleotide, primer or probe, primer pair, kit
or a method as described herein. There is also provided a composition
comprising CTAG1B, CTAG2, PRAME and/or MageA3 for use in the treatment of a
patient susceptible to recurrence of a CTAG1B, CTAG2, PRAME and/or MageA3
expressing tumour, in which a patient has been selected for treatment on
the basis of measuring the methylation status of a CTAG1B, CTAG2, PRAME
and/or MageA3 gene, according to any of the methods of the invention or by
using an oligonucleotide, primer or probe, primer pair, kit or a method as
described herein.DETAILED DESCRIPTION OF THE INVENTION The invention
provides an assay for detecting the presence and/or amount of a methylated
or unmethylated CTAG1B, CTAG2, PRAME and/or MageA3 gene in a DNAcontaining
sample. To develop this assay, it was necessary to identify regions
susceptible to methylation in the CTAG1B, CTAG2, PRAME and/or MageA3 gene
and to develop particular oligonucleotides that could differentiate
unmethylated from methylated forms of the CTAG1B, CTAG2, PRAME and/or
MageA3 gene. Accordingly, in a first aspect, the present invention provides
an oligonucleotide, primer or probe comprising or consisting essentially of
or consisting of the nucleotide sequence of any of SEQ ID NO. 1, 2, 3, 4, 5
, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 2 1, 22, 23, 24,
25, 26, 27, 28, 29, 30, 3 1, 32, 33, 34, 35, 36, 37, 38, 39, 40, 4 1, 42,
44, 61, 62 or 63. These oligonucleotides are useful in the detection of the
methylation status of a gene of interest. The oligonucleotides may serve as
primers and/or probes. In certain embodiments, the oligonucleotides detect
the unmethylated form of the gene. In certain embodiments, these
oligonucleotides comprise a hairpin structure as described herein and
represented by SEQ ID NO. 43. Such preferred oligonucleotides comprise,
consist essentially of or consist of the nucleotide sequences according to
SEQ ID NO; 1, 3, 5, 7, 9 , 11, 13, 15 , 17, 19, 2 1, 23, 25, 27, 29, 3 1,
33, 35, 37, 39, 4 1 or 6 1 for detecting the unmethylated form of the gene.



The "genes" or "gene of interest" of the invention are preferably CTAG1B
and/or CTAG2 and/or PRAME and/or MageA3 genes. "CTAG1B" is the gene symbol
approved by the HUGO Gene Nomenclature Committee. The gene is located on
chromosome X;(location: Xq28) and the gene sequence is listed under the
accession numbers U87459 and NM 001327. The ensemble gene ID is ENSG000001
84033. The gene encodes the cancer/testis antigen 1B [Homo sapiens]. CTAG1B
is often referred to interchangeably as "CTAG1B" OR "CTAG" OR "CTAG1" OR
"NY-ESO-1" OR E SO1" OR "LAGE-2" OR "LAGE2B", all are used herein.
Hypomethylation of this gene may be linked to the incidence of cancers,
such as melanoma, lung cancer (including NSCLC) prostate cancer or ovarian
cancer for example."CTAG2" is the gene symbol approved by the HUGO Gene
Nomenclature Committee. The gene is located on chromosome X; (location:
Xq28) and the gene sequence is listed under the accession number AJ012833 .
The ensemble gene ID is ENSG000001 26890 . The gene encodes the
cancer/testis antigen 2 [Homo sapiens]. CTAG2 is often referred to
interchangeably as "CTAG2" OR "CAMEL" OR "ESO2" LAGE-1 OR "LAGE-2b" OR
"MGC3803" OR "MGC1 38724", all are used herein. Hypomethylation of this
gene may be linked to the incidence of cancers, such as melanoma, lung
cancer (including NSCLC)1 bladder cancer, prostate cancer, head and neck
cancer, ovarian cancer, cervical cancer, colorectal cancer, esophageal
carcinoma or hepatocellular carcinoma. 'PRAME" is the gene symbol approved
by the HUGO Gene Nomenclature Committee. The gene is located on Chromosome
22 (location: 22q1 1.22) and the gene sequence is listed under the
accession numbers U6501 1 and NM 206953 . The ensemble gene ID is
ENSG000001 85686 . The gene encodes the preferentially expressed antigen in
melanoma [Homo sapiens]. PRAME is often referred to interchangeably as
"MAPE" or "OIP4"; all are used herein. Hypomethylation of this gene may be
linked to the incidence of cancers, such as cervical cancer, prostate
cancer, lung cancer, ovarian cancer, breast cancer or head and neck
squamous cell carcinoma. MAGEA3 and MAGEA6 are the gene symbols approved by
the HUGO Gene Nomenclature Committee. The MAGEA3 gene is located on
chromosome X (location q28) and the gene sequence is listed under the
accession numbers NM_005362 and ENSG00000197172. The MAGE-A3 gene encodes
melanoma antigen family A, 3. The MAGEA6 gene is located on chromosome X
(location q28). MAGE-A3 is often referred to interchangeably as MAGE-3 or
MAGEA3. Likewise, MAGE-A6 is often referred to interchangeably as MAGE-6 or
MAGEA6; all are used herein. Hypomethylation of these genes may be linked
to the incidence of cancers, such as melanoma or lung cancer (including
NSCLC) for example. CpG dinucleotides susceptible to methylation are
typically concentrated in the promoter and/or exon and/or intron regions of
human genes. In certain embodiments, the methylation status of the gene is
assessed by determining levels of methylation in the promoter, intron,
exoni and/or exon2 region of the gene. A "promoter" is a region upstream
from the transcription start site (TSS), extending between approximately
10Kb, 4 Kb, 3Kb, 1 Kb, 500 bp or 150 to 300 bp from the TSS. When the CpG
distribution in the promoter region is rather scarce, levels of methylation
may be assessed in the intron and/or exon regions. The region for
assessment may be a region that comprises both intron and exon sequences
and thus overlaps both regions. The term "methylation state" or
"methylation status" refers to the presence or absence of 5-methylcytosine
("5-mCyt") at one or a plurality of CpG dinucleotides within a DNA
sequence. "Hypermethylation" is defined as an increase in the level of
methylation above normal levels. Thus, it relates to aberrant methylation
of cytosine (5-mCyt) at specific CpG sites in a gene, often in the promoter
region. Normal levels of methylation may be defined by determining the
level of methylation in non-cancerous cells for example. "Hypomethylation"
refers to a decreased presence of 5-mCyt at one or a plurality of CpG
dinucleotides within a DNA sequence (of a test DNA sample), relative to the
amount of 5- mCyt found at corresponding CpG dinucleotides within a
"normal" DNA sequence (found in a suitable control sample). Again, "normal"
levels of methylation may be defined by determining the level of
methylation in non-cancerous cells for example. In this invention,
hypomethylation of the CTAG1B, CTAG2 and/or PRAME gene (or MageA3 in
certain aspects) is indicative of an increased expression of this tumour
associated antigen gene which provides a reliable indicator of cancer. The
invention provides in a second aspect a method of detecting the presence
and/or amount of a methylated or unmethylated gene in a DNA-containing
sample comprising the step of contacting the DNA-containing sample with at
least one oligonucleotide comprising, consisting essentially of, or
consisting of the nucleotide sequence of any SEQ ID NO. 1, 2 , 3, 4, 5 , 6
, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25,
26, 27, 28, 29, 30, 3 1, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 44, 6
1, 62 or 63. The method preferably comprises the further step of assessing
whether the gene is methylated or unmethylated. This may depend upon
whether the oligonuclotide stably binds to the DNA in the DNA-containing
sample, as discussed herein. Techniques for assessing methylation status
are based on distinct approaches. Any suitable technique, applying the
oligonucleotides of the invention may be employed. In one embodiment,
approaches for detecting methylated CpG dinucleotide motifs use areagent
which selectively modifies unmethylated cytosine residues in the DNA to
produce detectable modified residues. The reagent does not modify
methylated cytosine residues and thus allows for discrimination between
unmethylated and methylated nucleic acid molecules in a downstream process,
which preferably may involve nucleic acid amplification. The reagent may,
in one embodiment, act to selectively deaminate unmethylated cytosine
residues. Thus, following exposure to the reagent the unmethylated DNA
contains a different nucleotide sequence to that of corresponding
methylated DNA. The deamination of cytosine results in a uracil residue
being present, which has the same base pairing properties as thymine, and
thus differs from cytosine's base pairing behaviour. This makes the
discrimination between methylated and nonmethylated cytosines possible.
Useful conventional techniques for assessing sequence differences use
oligonucleotide primers. Two approaches to primer design are possible.
Firstly, primers may be designed that themselves do not cover any potential
sites of DNA methylation. Sequence variations at sites of differential
methylation are located between the two primer binding sites and
visualisation of the sequence variation requires further assay steps.
Secondly, primers may be designed that hybridize specifically with either
the methylated or unmethylated version of the initial treated sequence.
After hybridization, an amplification reaction can be performed and
amplification products assayed using any detection system known in the art.
The presence of an amplification product indicates that the primer
hybridized to the DNA. The specificity of the primer indicates whether the
DNA had been modified or not, which in turn indicates whether the DNA had
been 



methylated or not. If there is a sufficient region of complementarity,
e.g., 12, 13, 14, 15, 16, 17, 18, 19, 20, 2 1 or 22 nucleotides, to the
target, then the primer may also contain additional nucleotide residues
that do not interfere with hybridization but may be useful for other
manipulations. Examples of such other residues may be sites for restriction
endonuclease cleavage, for ligand binding or for factor binding or linkers
or repeats, or residues for purpose of visualization. The oligonucleotide
primers may or may not be such that they are specific for modified
methylated residues. Preferred oligonucleotides for use as primers
comprise, consist essentially of, or consist of the nucleotide sequence of
any of SEQ ID NO. 1, 3, 5, 7 , 9 , 11, 13, 15, 17, 19, 2 1, 23, 25, 27, 29,
31, 33, 35, 37, 39, 4 1 or 61.A further and often complementary way to
distinguish between modified and unmodified nucleic acid is to use
oligonucleotide probes. Such probes may hybridize directly to modified
nucleic acid or to further products of modified nucleic acid, such as
products obtained by amplification. Probe-based assays exploit the
oligonucleotide hybridisation to specific sequences and subsequent
detection of the hybrid. There may also be further purification steps
before the amplification product is detected e.g. a precipitation step.
Oligonucleotide probes may be labeled using any detection system known in
the art. These include but are not limited to fluorescent moieties,
radioisotope labelled moieties, bioluminescent moieties, luminescent
moieties, chemiluminescent moieties, enzymes, substrates, receptors, or
ligands. Oligonucleotides for use as probes may comprise, consist
essentially of, or consist of the nucleotide sequence of any of SEQ ID NO.
1, 2, 3, 4 , 5, 6 , 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 2
1, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39,
40, 41, 42, 44, 61, 62 or 63. The preferred oligonucleotide probe
preferably comprises, consists essentially of or consists of the nucleotide
sequence selected from SEQ ID No.2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22,
24, 26, 28, 30, 32, 34, 36, 38, 40, 42, 44 and 6 1. Oligonucleotide primer"
is referred to herein interchangeably as "primer". Likewise,
"oligonucleotide probe" is referred to herein interchangeably as "probe".
In preferred embodiments, the methylation status of the gene (or portion
thereof, especially the CpG islands) is determined using methylation
specific PCR (MSP). The MSP technique will be familiar to one of skill in
the art. In the MSP approach, DNA may be amplified using primer pairs
designed to distinguish unmethylated from methylated DNA by taking
advantage of sequence differences as a result of sodiumbisulfite treatment
(Herman JG et al. Proc Natl Acad Sci U S A. 1996 Sep 3;93(18):9821- 6 and
WO 97/46705). A specific example of the MSP technique is designated
real-time quantitative MSP (QMSP), which permits reliable quantification of
methylated DNA in real time. Real-time methods are generally based on the
continuous optical monitoring of an amplification procedure and utilise
fluorescently labelled reagents whose incorporation in a product can be
quantified and whose quantification is indicative of copy number of
thatsequence in the template. Such labeled reagent may be a fluorescent dye
that preferentially binds double-stranded DNA and whose fluorescence is
greatly enhanced by binding of double-stranded DNA. Alternatively, labeled
primers and/or labeled probes can be used. They represent a specific
application of the well known and commercially available real-time
amplification techniques such as TAQMAN(r), MOLECULAR BEACONS(r),
AMPLIFLUOR(r) and SCORPION(r) DzyNA(r), etc. Often, these real-time methods
are used with the polymerase chain reaction (PCR). TaqMan technology uses
linear, hydrolytic oligonucleotide probes that contain a fluorescent dye
and a quenching dye. When irradiated, the excited fluorescent dye transfers
energy to the nearby quenching dye molecule rather than fluoresencing (FRET
principle). TaqMan probes anneal to an internal region of the PCR product
and are cleaved by the exonuclease activity of the polymerase when it
replicates a template. This ends the activity of the quencher, and the
reporter dye starts to emit fluorescence which increases in each cycle
proportional to the rate of probe cleavage. Molecular beacons also contain
fluorescent and quenching dyes, but they are designed to adopt a hairpin
structure while free in solution to bring both dyes in close proximity for
Fluorescence Resonance Energy Transfer (FRET) to occur. When the beacon
hybridises to the target during the annealing step, the hairpin linearises
and both dyes (donor and acceptor/quencher) are separated. The increase in
fluorescence detected from the donor will correlate to the amount of PCR
product available. With scorpion probes, sequence-specific priming and PCR
product detection is achieved using a single oligonucleotide. The scorpion
probe maintains a stem-loop configuration in the unhybridized state and
FRET occurs between the fluorophore and quencher. The 3' portion of the
stem also contains a sequence that is complementary to the extension
product of the primer. This sequence is linked to the 5' end of a specific
primer via a non-amplifiable monomer. After extension of the scorpion
primer, the specific probe sequence is able to bind to its complement
within the extended amplicon, thus opening up the hairpin loop, separating
the fluorophore and quencher, and providing a fluorescence signal.In
Heavymethyl, the priming is methylation specific, but non-extendable
oligonucleotide blockers provide this specificity instead of the primers
themselves. The blockers bind to bisulfite-treated DNA in a
methylation-specific manner, and their binding sites overlap the primer
binding sites. When the blocker is bound, the primer cannot bind and
therefore the amplicon is not generated. Heavymethyl can be used in
combination with real-time detection. The Plexor(tm) qPCR and qRT-PCR
Systems take advantage of the specific interaction between two modified
nucleotides to achieve quantitative PCR analysis. One of the PCR primers
contains a fluorescent label adjacent to an iso-dC residue at the 5'
terminus. The second PCR primer is unlabeled. The reaction mix includes
deoxynucleotides and isodGTP modified with the quencher dabcyl.
Dabcyl-iso-dGTP is preferentially incorporated at the position
complementary to the iso-dC residue. The incorporation of the
dabcyl-isodGTP at this position results in quenching of the fluorescent dye
on the complementary strand and a reduction in fluorescence, which allows
quantitation during amplification. For these multiplex reactions, a primer
pair with a different fluorophore is used for each target sequence. Thus
the oligonucleotides comprising, consisting essentially of, or consisting
of the nucleotide sequence of any of SEQ ID NO. 1, 2 , 3 , 4, 5, 6 , 7 , 8,
9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27,
28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 4 1, 42, 44, 6 1, 62 or
63 may be employed as primers or probes in the aforementioned methods for
detection of the methylation status of a gene of interest. In a preferred
embodiment, the invention provides a real-time method of detecting the
presence and/or amount of a methylated or unmethylated gene of interest in
a DNAcontaining sample, comprising: (a) contacting/treating the
DNA-containing sample with a reagent which selectively 



modifies unmethylated cytosine residues in the DNA to produce detectable
modified residues but which does not modify methylated cytosine residues
(b) amplifying at least a portion of the methylated or unmethylated gene of
interest using at least one primer pair, at least one primer of which is
designed to bind only to the sequence of methylated or unmethylated DNA
respectively following treatment with the reagent, wherein at least one
primer in the primer pair comprises, consists essentially of,or consists of
the nucleotide sequence of any of SEQ ID NO. 1, 2, 3, 4 , 5, 6, 7, 8, 9,
10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28,
29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 44, 61, 62 or 63.
The gene of interest in the methods of the invention is preferably the
CTAG1B, CTAG2, MageA3 and/or PRAME gene. Preferably, at least one primer in
the primer pair is a primer containing a stem loop structure carrying a
donor and an acceptor moiety of a molecular energy transfer pair arranged
such that in the absence of amplification, the acceptor moiety quenches
fluorescence emitted by the donor moiety (upon excitation) and during
amplification, the stem loop structure is disrupted so as to separate the
donor and acceptor moieties sufficiently to produce a detectable
fluorescence signal. This may be detected in real-time to provide an
indication of the presence of the methylated or unmethylated gene of
interest. The primer in the primer pair which comprises, consists
essentially of, or consists of the nucleotide sequence of any of SEQ ID NO.
1, 2, 3, 4, 5, 6, 7, 8 , 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21,
22, 23, 24, 25, 26, 27, 28, 29, 30, 3 1, 32, 33, 34, 35, 36, 37, 38, 39,
40, 4 1, 42, 44, 61, 62 or 63 preferably carries the stem loop structure.
In certain embodiments the gene copy number of the methylated or
unmethylated gene is determined. Here, the method described herein
preferably comprises a further step: (c) quantifying the results of the
real-time detection against a standard curve for the methylated or
unmethylated gene of interest to produce an output of gene copy number.
Preferably, step (c) is further characterised in that the amplification is
considered valid where the cycle threshold value is less or equal than 40.
For genes such as the CTAG1B, CTAG2, MageA3 and/or PRAME gene, detection of
an unmethylated version of the gene may be of primary relevance. The
methods of the invention allow the presence of a methylated or unmethylated
gene of interest to be detected in a sample in real-time. Since the methods
of the invention are quantitative methods, the (relative) amounts of the
methylated or unmethylated form of the gene of interest can also be
determined as the reaction proceeds.Real-time methods do not need to be
utilised, however. Analyses can be performed only to discover whether the
target DNA is present in the sample or not. End-point amplification
detection techniques utilize the same approaches as widely used for Real
Time PCR. Therefore, the methods of the invention may encompass an
end-point method of detecting the presence and/or amount of a methylated or
unmethylated gene of interest in a DNA-containing sample. Thus, the
invention provides an (end point) method of detecting the presence and/or
amount of a methylated or unmethylated gene of interest in a DNA-containing
sample, comprising: (a) contacting and/or treating the DNA-containing
sample with a reagent which selectively modifies unmethylated cytosine
residues in the DNA to produce detectable modified residues but which does
not modify methylated cytosine residues (b) amplifying at least a portion
of the methylated or unmethylated gene of interest using at least one
primer pair, at least one primer of which is designed to bind only to the
sequence of methylated or unmethylated DNA respectively following treatment
with the reagent, wherein at least one primer in the primer pair comprises,
consists essentially of, or consists of the nucleotide sequence of any of
SEQ ID NO. 1, 2 , 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18,
19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 3 1, 32, 33, 34, 35, 36,
37, 38, 39, 40, 4 1, 42, 44, 6 1, 62 or 63. As aforementioned, the gene of
interest in the methods of the invention is preferably the CTAG1B, CTAG2,
MageA3 and/or PRAME. Preferably, at least one primer in the primer pair is
a primer containing a stem loop structure carrying a donor and an acceptor
moiety of a molecular energy transfer pair having the characteristics as
described herein. The primer in the primer pair which comprises, consists
essentially of, or consists of the nucleotide sequence of any of SEQ ID NO.
1, 2, 3 , 4, 5 , 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20,
21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 3 1, 32, 33, 34, 35, 36, 37, 38,
39, 40, 4 1, 42, 44, 6 1, 62 or 63 preferably carries the stem loop
structure. For the CTAG1B, CTAG2, MageA3 and/or PRAME genes detection of an
unmethylated version of the gene may be of primary relevance. Primers
comprising, consisting essentially of, or consisting of the nucleotide
sequence of any of SEQ ID NO. 1, 3, 5, 7 , 9, 11, 13, 15, 17, 19, 2 1, 23,
25, 27, 29, 3 1, 33, 35, 37, 39, 4 1 or 6 1 have been designedfor the
purpose of detecting unmethylated CTAG1B, CTAG2 and/or PRAME DNA following
treatment with the reagent. The absence of unmethylated gene is indicative
of the presence of methylated gene. In case a gene copy number of the
methylated or unmethylated gene is desired, the method may comprise a
further step: (c) quantifying the results of the detection against a
standard curve for the methylated or unmethylated gene of interest to
produce an output of gene copy number. All embodiments of the invention are
applicable to the end-point aspects of the invention and thus apply mutatis
mutandis. End point analysis may invoke use of a fluorescent plate reader
or other suitable instrumentation to determine the fluorescence at the end
of the amplification. The methods of the invention are most preferably ex
vivo or in vitro methods carried out on any suitable (DNA containing) test
sample. In one embodiment, however, the method may also include the step of
obtaining the sample. The test sample is a DNA-containing sample, in
particular a DNA-containing sample including the gene of interest. The
methods of the invention can be used in the diagnosis of disease, in
particular where methylation of a gene of interest is (known to be) linked
to the incidence of disease. The DNA-containing sample may comprise any
suitable tissue sample or body fluid. Preferably, the test sample is
obtained from a human subject. For cancer applications, the sample may
comprise a tissue sample taken from the tissue suspected of being cancerous
or from a representative bodily fluid. Hypomethylation of the CTAG1B,
CTAG2, MageA3 and/or PRAME gene has been associated with lung cancer and
thus the invention may be applied to lung cancer. Thus, in one embodiment,
the test sample to be used in the methods of the invention involving a
CTAG1B, CTAG2, MageA3 and/or PRAME gene preferably contains lung cells or
nucleic acid (molecules) from lung cells. Most preferably, the sample is a
Formalin Fixed Paraffin Embedded (FFPE) tissue. There are two types of lung
cancer: non-small cell lung cancer (NSCLC) and small cell lung cancer
(SCLC). The names simply describe thetype of cell found in the tumours. The
test sample preferably contains cells or nucleic acid from non-small cell
lung carcinoma (NSCLC). NSCLC includes squamous-cell 



carcinoma, adenocarcinoma, and large-cell carcinoma and accounts for around
80% of lung cancers. In a preferred embodiment, where the cancer is a
NSCLC, the sample is a lung tissue sample or a sputum sample or a serum
sample. NSCLC is difficult to cure and treatments available tend to have
the aim of prolonging life as far as possible and relieving symptoms of
disease. NSCLC is the most common type of lung cancer and is associated
with poor outcomes. Hypomethylation of the CTAG1B, CTAG2, MageA3 and/or
PRAME gene is also linked to melanoma and thus the invention may be applied
to melanoma. Melanoma is a pigmented, readily accessible lesion that has
been well defined in histopathological terms. Early radial growth phase
(RGP) melanomas can invade into the epidermis and papillary dermis, but
have no capacity for metastasis; resection at this stage is almost
completely curative. A subsequent vertical growth phase (VGP) denotes a
transition to a more aggressive stage, which is capable of metastasis.
Changes in gene expression occurring at the RGP/VGP transition are, thus,
of great interest. Thus, in additional embodiments, a further preferred
test sample to be used in the methods of the invention contains melanoma
cells or nucleic acid from melanoma cells. Preferably, the test sample is
obtained from a skin lesion. Hypomethylation of the CTAG1 B, CTAG2, MageA3
and/or PRAME gene is also linked to breast cancer and thus the invention
may be applied to breast cancer. There are two major groups of breast
cancer: noninvasive carcinoma and invasive carcinoma. The noninvasive
carcinomas include lobular carcinoma in situ and ductal carcinoma in situ.
Unfortunately, breast cancers often grow through the basement membrane and
roughly 95% of all breast cancers are infiltrating or invasive carcinomas.
The most common type of invasive breast cancer (about 75%) is invasive
ductal carcinoma, arising in the milk ducts and spreading through the duct
walls. Invasive lobular carcinoma originates in the milk glands and
accounts for 10 to 15% of invasive breast cancers. Less common types of
invasive breast cancer include the following: inflammatory breast cancer,
Paget's disease of the nipple, medullary carcinoma, mucinous carcinoma,
phyllodes tumor, and tubular carcinoma. Rarely (about 1%), sarcomas (cancer
of the connective tissue) develop in the breasts. Individuals may develop
one, the other, or a combination ofinvasive and noninvasive breast cancer.
Thus, in additional embodiments, a further preferred test sample to be used
in the methods of the invention contains breast cells or nucleic acid
molecules from breast cells. Most preferably, the test sample is obtained
from a breast tissue. Other DNA-containing samples for use in the methods
of the invention include samples for diagnostic, prognostic, or
personalised medicinal uses. These samples may be obtained from surgical
samples, such as biopsies or fine needle aspirates, from paraffin embedded
tissues, from frozen tumor tissue samples, from fresh tumour tissue samples
or from a fresh or frozen body fluid, for example. Non-limiting examples
include whole blood, bone marrow, cerebrospinal fluid, peritoneal fluid,
pleural fluid, lymph fluid, serum, plasma, urine, chyle, stool, ejaculate,
sputum, nipple aspirate, saliva, swabs specimens, colon wash specimens and
brush specimens. The tissues and body fluids can be collected using any
suitable method, many such methods are well known in the art. Assessment of
a paraffin-embedded specimen can be performed directly or on a tissue
section. The terms "sample", "patient sample" and "sample of the patient"
are used interchangeably and are intended to mean a DNA-containing sample
from a patient, as described above. The methods of the invention may be
carried out on purified or unpurified DNAcontaining samples. However, in a
preferred embodiment, prior to step (a) (the reagent treatment step) or as
a preliminary step, DNA is isolated/extracted/purified from the
DNA-containing sample. Any suitable DNA isolation technique may be
utilised. Examples of purification techniques may be found in standard
texts such as Molecular Cloning - A Laboratory Manual (Third Edition),
Sambrook and Russell (see in particular Appendix 8 and Chapter 5 therein).
In one preferred embodiment, purification involves alcohol precipitation of
DNA. Preferred alcohols include ethanol and isopropanol. Suitable
purification techniques also include salt-based precipitation methods.
Thus, in one specific embodiment the DNA purification technique comprises
use of a high concentration of salt to precipitate contaminants. The salt
may comprise, consist essentially of or consist of potassium acetate and/or
ammonium acetate for example. The method may further include steps of
removal of contaminants which have been precipitated, followed by recovery
of DNA through alcohol precipitation.In an alternative embodiment, the DNA
purification technique is based upon use of organic solvents to extract
contaminants from cell lysates. Thus, in one embodiment, the method
comprises use of phenol, chloroform and isoamyl alcohol to extract the DNA.
Suitable conditions are employed to ensure that the contaminants are
separated into the organic phase and that DNA remains in the aqueous phase.
Further kits use magnetic beads, silica-membrane, etc. Such kits are well
known in the art and commercially available. The methods of the invention
may use the PUREGENE(r) DNA Purification Kit. In preferred embodiments of
these purification techniques, extracted DNA is recovered through alcohol
precipitation, such as ethanol or isopropanol precipitation.
Formalin-Fixed, Paraffin-Embedded (FFPE) tumour tissue is the usual method
of tumour tissue preservation within clinical centres. Such FFPE embedded
samples require a dewaxing step prior to DNA extraction. In a preferred
embodiment, FFPE tissue samples or sample material immobilized on slides
are first dewaxed by xylene treatment. The contact period with the xylene
should be sufficient to allow the xylene to contact and interact with the
sample. In a more preferred embodiment, FFPE samples are deparaffinized in
100% xylene for about 2 hours. This step may be repeated once more to
ensure complete deparaffinization. After xylene treatment samples are
rehydrated using 70% ethanol. The methods of the invention may also, as
appropriate, incorporate (also prior to step (a) or as a preliminary step)
quantification of isolated/extracted/purified DNA in the sample.
Quantification of the DNA in the sample may be achieved using any suitable
means. Quantitation of nucleic acids may, for example, be based upon use of
a spectrophotometer, a fluorometer or a UV transilluminator. Examples of
suitable techniques are described in standard texts such as Molecular
Cloning - A Laboratory Manual (Third Edition), Sambrook and Russell (see in
particular Appendix 8 therein). In a preferred embodiment, kits such as the
Picogreen(r) dsDNA quantitation kit available from Molecular Probes,
Invitrogen may be employed to quantify the DNA.The methods of the invention
may rely upon a reagent which selectively modifies unmethylated cytosine
residues in the DNA to produce detectable modified residues. The mode of
action of the reagent has been explained already. In a preferred
embodiment, the reagent which selectively modifies unmethylated cytosine
residues in 



the DNA to produce detectable modified residues but which does not modify
methylated cytosine residues comprises, consists essentially of or consists
of a bisulphite reagent (Frommer et al., Proc. Natl. Acad. Sci. USA 1992
89:1827-1831,). Several bisulphite containing reagents are known in the art
and suitable kits for carrying out the deamination reaction are
commercially available (such as the EZ DNA methylation kit from Zymo
Research). A particularly preferred reagent for use in the methods of the
invention comprises, consists essentially of or consists of sodium
bisulphite. Once the DNA in the sample has been treated with the reagent,
it is then necessary to detect the difference in nucleotide sequence caused
by the reagent. This is done using a nucleic acid amplification technique.
As mentioned already, functionally relevant methylation is most commonly
associated with the promoter regions. In particular, so called "CpG
islands" include a relatively high incidence of CpG residues and are often
found near the Transcription start site of the gene. For some genes such as
for example MAGE-3, the CpG distribution in the promoter region is rather
scarce. In such case it may be appropriate to assess intron and exon
regions of genes for methylation. Various software programs exist to allow
CpG islands in a gene of interest to be identified. Accordingly, the
methods of the invention may involve amplifying at least a portion of the
methylated or unmethylated gene of interest using at least one primer pair.
As discussed above, since the residues of interest whose methylation status
is to be investigated, are typically found in defined CpG islands and/or in
the promoter region and/or intron regions and/or exon regions of the gene
of interest, the primer pair will typically amplify only a portion of the
gene (in this region), rather than the entirety. Any suitable portion of
the gene may be amplified according to the methods of the invention,
provided that the amplification product is detectable as a reliable
indicator of the presence of the gene of interest. Particularly readily
detectable amplification products are between approximately 50 and 250bp.
Even more preferably, amplification using the at least one primer pair for
amplification of the methylated or unmethylated gene of interest produces
an amplification product of between approximately 100 and 200bp or between
50 and 100bp. This is particularly relevant for tissue samples,
especiallyparaffin embedded samples where limited DNA quality is typically
obtained and smaller amplicons may be desired. In a preferred embodiment,
the detectable amplification product comprises at least the nucleotide
sequence of any of SEQ ID NO. 2 , 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24,
26, 28, 30, 32, 34, 36, 38, 40, 42, 44, 62 and 63. Preferably, an
amplification product of (around) 50bp, 5 1bp, 52 bp, 53 bp, 54 bp, 55 bp,
56 bp, 57 bp, 58 bp, 59bp,60 bp, 6 1 bp, 62 bp, 63 bp, 64 bp, 65 bp, 66 bp,
67 bp, 68 bp, 69 bp, 70 bp, 7 1 bp, 72 bp, 73 bp, 74 bp, 75 bp, 76 bp, 77
bp, 78 bp, 79 bp, 80 bp, 8 1 bp, 82 bp, 83 bp, 84 bp, 85 bp, 86 bp, 87 bp,
88 bp, 89 bp, 90 bp, 9 1 bp, 92 bp, 93 bp, 94 bp, 95 bp, 96 bp, 97 bp,
98bp,99 bp, 100 bp,101 bp, 102 bp, 103 bp, 104 bp, 105 bp, 106 bp, 107 bp,
108 bp, 109 bp, 110 bp, 111 bp, 112 bp, 113 bp, 114 bp, 115 bp, 116 bp, 117
bp, 118 bp, 119 bp, 120 bp, 121 bp, 122 bp, 123 bp, 124 bp, 125 bp, 126 bp,
127 bp, 128 bp, 129 bp, 130 bp, 131 bp, 132 bp, 133 bp, 134 bp, 135 bp, 136
bp, 137 bp, 138 bp, 139 bp, 140bp, 141 bp, 142 bp 143 bp, 144 bp, 145 bp,
146 bp, 147 bp, 148 bp, 149 bp, or 150 bp is produced. At least one primer
in the primer pair, and preferably both primers, is designed to bind only
to the sequence of methylated or unmethylated DNA following treatment with
the reagent. Thus, the primer acts to discriminate between a methylated and
an unmethylated gene by base pairing only with either the methylated form
of the gene (which remains unmodified following treatment with the reagent)
or the unmethylated form of the gene (which is modified by the reagent)
depending upon the application to which the methods are put. The primer
must, therefore, cover at least one methylation site in the gene of
interest. Preferably, the primer binds to a region of the gene including at
least 1, 2, 3, 4, 5 , 6 , 7 or 8 methylation sites. Most preferably the
primer is designed to bind to a sequence in which all cytosine residues in
CpG pairs within the primer binding site are methylated or unmethylated -
i.e. a "fully methylated" or a "fully unmethylated" sequence. However, if
only a single or a few methylation sites are of functional relevance, the
primer may be designed to bind to a target sequence in which only these
residues must be methylated (remain as a cytosine) or unmethylated
(converted to uracil) for effective binding to take place. Other
(non-functionally relevant) potential sites of methylation may be avoided
entirely through appropriate primer design or primers may be designed which
bind independently of the methylation status of these less relevant sites
(for example by including a mix of G and A residues at the appropriate
location within the primer sequence). Accordingly, an amplification product
is expected only if themethylated or unmethylated form of the gene of
interest was present in the original DNAcontaining sample. Additionally or
alternatively, it may be appropriate for at least one primer in the primer
pair to bind only to the sequence of unmethylated DNA following treatment
with the reagent and the other primer to bind to methylated DNA only
following treatment - for example where a gene involves functionally
important sites which are methylated and separate functionally important
sites which are unmethylated. Preferably, at least one primer in the primer
pair is a primer containing a stem loop or "hairpin" structure carrying a
donor and an acceptor moiety of a molecular energy transfer pair. This
primer may or may not be a primer which discriminates between methylated
and unmethylated DNA as desired. The primer is arranged such that in the
absence of amplification, the acceptor moiety quenches fluorescence emitted
by the donor moiety upon excitation. Thus, prior to, or in the absence of,
amplification directed by the primer the stem loop or "hairpin" structure
remains intact. Fluorescence emitted by the donor moiety is effectively
accepted by the acceptor moiety leading to quenching of fluorescence.
During amplification, the configuration of the stem loop or hairpin
structure of the primer is altered. In particular, once the primer is
incorporated into an amplification product, and in particular into a double
stranded DNA, (particularly during the second round of amplification) the
stem loop or hairpin structure is disrupted. This alteration in structure
separates the donor and acceptor moieties sufficiently that the acceptor
moiety is no longer capable of effectively quenching the fluorescence
emitted by the donor moiety. Thus, the donor moiety produces a detectable
fluorescence signal. This signal is detected in real-time to provide an
indication of the gene copy number of the methylated or unmethylated gene
of interest. Thus, the methods of the invention may utilise
oligonucleotides for amplification of nucleic acids that are detectably
labelled with molecular energy transfer (MET) labels. The primers contain a
donor and/or acceptor moiety of a MET pair and are incorporated into the
amplified product of an amplification reaction, such that the amplified
product contains both a donor and acceptor moiety of a MET pair.When the
amplified product is double stranded, the MET pair incorporated into the
amplified product may be on the same strand or, when the amplification is
triamplification, on opposite strands. In certain instances wherein the
polymerase used in 



amplification has 5'-3' exonuclease activity, one of the MET pair moieties
may be cleaved from at least some of the population of amplified product by
this exonuclease activity. Such exonuclease activity is not detrimental to
the amplification methods of the invention. The methods of the invention,
as discussed herein are adaptable to many methods for amplification of
nucleic acid sequences, including polymerase chain reaction (PCR),
triamplification, and other amplification systems. In a preferred
embodiment, the MET is fluorescence resonance energy transfer (FRET), in
which the oligonucleotides are labelled with donor and acceptor moieties,
wherein the donor moiety is a fluorophore and the acceptor moiety may be a
fluorophore, such that fluorescent energy emitted by the donor moiety is
absorbed by the acceptor moiety. The acceptor moiety may be a quencher.
Thus, the amplification primer is a hairpin primer that contains both donor
and acceptor moieties, and is configured such that the acceptor moiety
quenches the fluorescence of the donor. When the primer is incorporated
into the amplification product its configuration changes, quenching is
eliminated, and the fluorescence of the donor moiety may be detected. The
methods of the invention permit detection of an amplification product
without prior separation of unincorporated oligonucleotides. Moreover, they
allow detection of the amplification product directly, by incorporating the
labelled oligonucleotide into the product. In a preferred embodiment, the
methods of the invention also involve determining the expression of a
reference gene. Reference genes are important to allow comparisons to be
made between different samples. By selecting an appropriate gene believed
to be expressed in a stable and reliable fashion between the samples to be
compared, detecting amplification of a reference gene together with the
gene of interest takes into account inter-sample variability, such as
amount of input material, enzymatic efficiency, sample degradation etc. A
reference gene should ideally, in the presence of a reliableamount of input
DNA, be one which is constantly expressed between the samples under test.
Thus, the results from the gene of interest can be normalised against the
corresponding copy number of the reference gene. Suitable reference genes
for the present invention include beta-actin, glyceraldehyde-3-phosphate
dehydrogenase (GAPDH), ribosomal RNA genes such as 18S ribosomal RNA and
RNA polymerase Il gene (Radonic A. et al., Biochem Biophys Res Commun. 2004
Jan 23;313(4):856-62). In a particularly preferred embodiment, the
reference gene is beta-actin. Thus the methods of the invention may be
further characterised in amplifying at least a portion of a reference gene
using at least one primer pair, wherein at least one primer in the primer
pair is a primer containing a stem loop structure having the aforementioned
characteristics. Any suitable portion of the reference gene may be
amplified according to the methods of the invention, provided that the
amplification product is detectable as a reliable indicator of the presence
of the reference gene. Particularly readily detectable amplification
products are between approximately 50 and 250bp. Even more preferably,
amplification using the at least one primer pair for amplification of the
reference gene produces an amplification product of between approximately
50bp and 150bp. This is particularly relevant for tissue samples,
especially paraffin embedded samples where limited DNA quality is typically
obtained. In the embodiments in which a reference gene is included in the
methods of the invention the methods may be further characterised in that
the step of the methods which comprises quantifying the results of the
(real-time) detection against a standard curve for the methylated or
unmethylated gene of interest also comprises quantifying the results of the
real-time detection of the reference gene against a standard curve for the
reference gene to produce an output of gene copy number in each case and
optionally further comprises normalising the results by dividing the gene
copy number of the methylated or unmethylated gene of interest by the gene
copy number of the reference gene. Again, the methods may be characterised
in that the amplification is considered valid where the cycle threshold
value is less or equal than 40.Amplification of at least a portion of the
reference gene generally utilises at least one primer pair. Preferably, at
least one primer in the primer pair is a primer containing a stem loop
structure carrying a donor and an acceptor moiety of a molecular energy
transfer pair, as for the gene of interest. The mode of action of such
structure during amplification has been explained herein. The "hairpin"
primers for use in the methods of the invention are most preferably as
described in US 6,090,552 and EP 0912597, the disclosures of which are
hereby incorporated in their entirety. These primers are commercially known
as Amplifluor(r) primers. Thus, in a particularly preferred embodiment, the
primer containing a stem loop structure used to amplify a portion of the
gene of interest and/or reference gene comprises, consists essentially of
or consists of the following contiguous sequences in 5' to 3' order: (a) a
first nucleotide sequence of between approximately 6 and 30 nucleotides,
wherein a nucleotide within said first nucleotide sequence is labelled with
a first moiety selected from the donor moiety and the acceptor moiety of a
molecular energy transfer pair, wherein the donor moiety emits fluorescence
at one or more particular wavelengths when excited, and the acceptor moiety
absorbs and/or quenches said fluorescence emitted by said donor moiety; (b)
a second, single-stranded nucleotide sequence comprising, consisting
essentially of or consisting of between approximately 3 and 20 nucleotides;
(c) a third nucleotide sequence comprising, consisting essentially of or
consisting of between approximately 6 and 30 nucleotides, wherein a
nucleotide within said third nucleotide sequence is labelled with a second
moiety selected from said donor moiety and said acceptor moiety, and said
second moiety is the member of said group not labelling said first
nucleotide sequence, wherein said third nucleotide sequence is
complementary in reverse order to said first nucleotide sequence such that
a duplex can form between said first nucleotide sequence and said third
nucleotide sequence such that said first moiety and second moiety are in
proximity such that, when the donor moiety is excited and emits
fluorescence, the acceptor moiety absorbs and quenches said fluorescence
emitted by said donor moiety; and (d) at the 3' end of the primer, a
fourth, single-stranded nucleotide sequence comprising, consisting
essentially of or consisting of between approximately 8 and 40 nucleotides
that comprises at its 3' end a sequence of any of SEQ ID NO. 2 , 4, 6, 8,
10, 12, 14, 16,18, 20, 22, 24, 26, 28, 30, 32, 34, 36, 38, 40, 42, 44, 62
and 63 (and thus is able to prime synthesis by a nucleic acid polymerase of
a nucleotide sequence complementary to a nucleic acid strand comprising the
portion of the methylated or unmethylated DNA of the gene); wherein when
said duplex is not formed, said first moiety and said second moiety are
separated by a distance that prevents molecular energy transfer between
said first 



and second moiety. In a particularly preferred embodiment, the donor moiety
and acceptor moiety form a fluorescence resonance energy transfer (FRET)
pair. Molecular energy transfer (MET) is a process by which energy is
passed non-radiatively between a donor molecule and an acceptor molecule.
Fluorescence resonance energy transfer (FRET) is a form of MET. FRET arises
from the properties of certain chemical compounds; when excited by exposure
to particular wavelengths of light, they emit light (i.e., they fluoresce)
at a different wavelength. Such compounds are termed fluorophores. In FRET,
energy is passed non-radiatively over a long distance (10-100A) between a
donor molecule, which is a fluorophore, and an acceptor molecule. The donor
absorbs a photon and transfers this energy nonradiatively to the acceptor
(Frster, 1949, Z. Naturforsch. A4: 321-327; Clegg, 1992, Methods Enzymol. 2
11: 353-388). When two fluorophores whose excitation and emission spectra
overlap are in close proximity, excitation of one fluorophore will cause it
to emit light at wavelengths that are absorbed by and that stimulate the
second fluorophore, causing it in turn to fluoresce. In other words, the
excited-state energy of the first (donor) fluorophore is transferred by a
resonance induced dipole - dipole interaction to the neighbouring second
(acceptor) fluorophore. As a result, the lifetime of the donor molecule is
decreased and its fluorescence is quenched, while the fluorescence
intensity of the acceptor molecule is enhanced and depolarized. When the
excited-state energy of the donor is transferred to a nonfluorophore
acceptor, the fluorescence of the donor is quenched without subsequent
emission of fluorescence by the acceptor. In this case, the acceptor
functions as a quencher. Both quenchers and acceptors may be utilised in
the present invention. Pairs of molecules that can engage in fluorescence
resonance energy transfer (FRET) are termed FRET pairs. In order for energy
transfer to occur, the donor and acceptor molecules must typically be in
close proximity (up to 70 to 100 A) (Clegg, 1992, Methods Enzymol. 2 11:
353-388; Selvin, 1995, Methods Enzymol. 246: 300-334). The efficiency of
energy transfer falls off rapidly with the distance between the donor and
acceptormolecules. According to Forster (1949, Z. Naturforsch. A4:321-327),
the efficiency of energy transfer is proportional to D x 10 6, where D is
the distance between the donor and acceptor. Effectively, this means that
FRET can most efficiently occur up to distances of about 70 A. Molecules
that are commonly used in FRET are discussed in a separate section. Whether
a fluorophore is a donor or an acceptor is defined by its excitation and
emission spectra, and the fluorophore with which it is paired. For example,
FAM is most efficiently excited by light with a wavelength of 488 nm, and
emits light with a spectrum of 500 to 650 nm, and an emission maximum of
525 nm. FAM is a suitable donor fluorophore for use with JOE, TAMRA, and
ROX (all of which have their excitation maximum at 514 nm). In one
particularly preferred embodiment, said donor moiety is fluorescein or a
derivative thereof, and said acceptor moiety is DABCYL. Preferably, the
fluorescein derivative comprises, consists essentially of or consists of
6-carboxy fluorescein. The MET labels can be attached at any suitable point
in the primers. In a particularly preferred embodiment, the donor and
acceptor moieties are positioned on complementary nucleotides within the
stem loop structure, such that whilst the stem loop is intact, the moieties
are in close physical proximity to one another. However, the primers of the
invention may be labelled with the moieties in any position effective to
allow MET/FRET between the respective donor and acceptor in the absence of
amplification and separation of the donor and acceptor once the primer is
incorporated into an amplification product. The stem loop or hairpin
structure sequence does not depend upon the nucleotide sequence of the
target gene (gene of interest or reference gene) since it does not bind
thereto. Accordingly, "universal" stem loop or hairpin sequences may be
designed which can then be combined with a sequence specific primer to
facilitate real-time detection of a sequence of interest. The main sequence
requirement is that the sequence forms a stem loop/hairpin structure which
is stable in the absence of amplification (and thus ensures efficient
quenching). Thus, the sequence specific portion of the primer binds to a
template strand and directs synthesis of the complementary strand. The
primer therefore becomes part of the amplification product in the first
round of amplification. When the complimentary strand is synthesised,
amplification occurs through the stemloop/hairpin structure. This separates
the fluorophore and quencher molecules, thus leading to generation of
florescence as amplification proceeds. The stem loop structure is
preferably found at the 5' end of the sequence specific portion of the
primer used in the amplification. As mentioned above, this detector
sequence is generally labelled with a FRET pair. Preferably, one moiety in
the FRET pair is found towards, near or at the 5'end of the sequence and
the other moiety is found towards, near or at the 3'end of the sequence
such that, when the stem loop or hairpin structure remains intact FRET is
effective between the two moieties. As detailed in the experimental
section, primers must be carefully selected in order to ensure sensitivity
and specificity of the methods of the invention. Accordingly, particularly
preferred primers for use in detecting methylation status of the gene
include a primer comprising, consisting essentially of or consisting of the
nucleotide sequence set forth as: 5'- AGCGATGCGTTCGAGCATCGCU
GGAAGGTGGGGGAGAGTG -3' (SEQ ID NO: 1) 5' - AAAACAACACAACCCCAAAAA - 3' (SEQ
ID NO. 2) and/or, 5' - AGCGATGCGTTCGAGCATCGCUA AAACAACACAACCCCAAAAA - 3 "
(SEQ ID NO. 3) and/or, 5' - GGAAGGTGGGGGAGAGTG - 3' (SEQ ID NO. 4) and/or,
5'- AGCGATGCGTTCGAGCATCGCU GGGTTGGAGAGTTGTTTGTTTG - 31(SEQ ID NO. 5)
and/or, 5 '- CACATCTCCCCCACCTCCT - 3' (SEQ ID NO. 6) and/or, 5' -
AGCGATGCGTTCGAGCATCGCU CACATCTCCCCCACCTCCT - 3 " (SEQ ID NO. 7) and/or,5' -
GGGTTGGAGAGTTGTTTGTTTG - 3'(SEQ ID NO. 8) and/or, ' -
AGCGATGCGTTCGAGCATCGCU TGGTGGTGTTG I I I I IGTGT - 3'(SEQ ID NO. 9) and/or,



5' - CTTAACCCTATTATCTCCATCTC - 3'(SEQ ID NO. 10) and/or, 5' -
AGCGATGCGTTCGAGCATCGCU CTTAACCCTATTATCTCCATCTC - 3' (SEQ ID NO. 11) and/or,
5' - TGGTGGTGTTG I I I I IGTGT - 3'(SEQ ID NO. 12) and/or, 5 -
AGCGATGCGTTCGAGCATCGCU GGTGGTTTTGAAGGATTTTATTG - 3' (SEQ ID NO. 13) and/or,
5' - ACCCAACACCTTCCCTATCCT - 3 " (SEQ ID NO. 14) and/or, 5' -
AGCGATGCGTTCGAGCATCGCUA CCCAACACCTTCCCTATCCT - 3'(SEQ ID NO. 15) and/or, 5'
- GGTGGTTTTGAAGGATTTTATTG - 3' (SEQ ID NO. 16) and/or, 5' -
AGCGATGCGTTCGAGCATCGCU TTTTGTTTTGGGATGTTGTATTTT - 3' (SEQ ID NO. 17)
and/or, 5' - CCTCATCCACCCAACACCTT - 3'(SEQ ID NO. 18) and/or, 5' -
AGCGATGCGTTCGAGCATCGCU CCTCATCCACCCAACACCTT - 3'(SEQ ID NO. 19) and/or, 5'
-.TTTTGTTTTGGGATGTTGTATTTT - 3'(SEQ ID NO. 20) and/or, 5' -
AGCGATGCGTTCGAGCATCGCU TGGGTTTGTAGTGTTTTAGTATTGTTT - 3'(SEQ ID NO.
21)and/or, 5' -JCCACCCTACTTTCCCTACATTC - 3'(SEQ ID NO. 22) and/or, 5 -
AGCGATGCGTTCGAGCATCGCUTCCACCCTACTTTCCCTACATTC - 3'(SEQ ID NO. 23) and/or,
5' -JGGGTTTGTAGTGTTTTAGTATTGTTT - 3'(SEQ ID NO. 24) and/or, 5' -
AGCGATGCGTTCGAGCATCGCUTTGTTTTGGGATATTTTATTTGTTTT - 3'(SEQ ID NO. 25)
and/or, 5' -.AAAAACTCCACCCTACTTTCC - 3'(SEQ ID NO. 26) and/or, 5' -
AGCGATGCGTTCGAGCATCGCUAAAAACTCCACCCTACTTTCC - 3'(SEQ ID NO. 27) and/or, 5'
-.TTGTTTTGGGATATTTTATTTGTTTT - 3'(SEQ ID NO. 28) and/or, 5' -
AGCGATGCGTTCGAGCATCGCUGAGGGGAGGGGTGTGAATGTG - 3'(SEQ ID NO. 29) and/or, 5'
-.CATTCCTCCCTACTCCCAAAAA - 3'(SEQ ID NO. 30) and/or, 5' -
AGCGATGCGTTCGAGCATCGCUCATTCCTCCCTACTCCCAAAAA - 3'(SEQ ID NO. 31) and/or, 5'
-.GAGGGGAGGGGTGTGAATGTG - 3'(SEQ ID NO. 32) and/or, 5' -
AGCGATGCGTTCGAGCATCGCUTGGTGGATGTTTTGGGATTT - 3'(SEQ ID NO. 33) and/or, 5'
-.CAACATTTCTACCTCTACTCCCACCTT - 3'(SEQ ID NO. 34) and/or,5 -
AGCGATGCGTTCGAGCATCGCU CAACATTTCTACCTCTACTCCCACCTT - 3'(SEQ ID NO. 35)
and/or, 5' -JGGTGGATGTTTTGGGATTT - 3'(SEQ ID NO. 36) and/or, 5' -
AGCGATGCGTTCGAGCATCGCU GTTTTGGAAGGATTGAGAAATGG - 3'(SEQ ID NO. 37) and/or,
5' -.CACCCTAACCACTACATAAAACAAA - 3'(SEQ ID NO. 38) and/or, 5' -
AGCGATGCGTTCGAGCATCGCU CACCCTAACCACTACATAAAACAAA - 3'(SEQ ID NO. 39)
and/or, 5' -.GTTTTGGAAGGATTGAGAAATGG - 3'(SEQ ID NO. 40) and/or, 5' -
AGCGATGCGTTCGAGCATCGCU TAGGGAGTATATAGGTTGGGGAAGTT - 3'(SEQ ID NO. 41)
and/or, 5' -.AACACACAATAACAAACACAAATTCAC - 3'(SEQ ID NO. 42) and/or, 5'
-AGGGAGTATATAGGTTGGGGAAGTT - 3'(SEQ ID NO. 44) and/or, 5 '-
AGCGATGCGTTCGAGCATCGCUTGGAATTTAGGGTAGTATTGT- 3' (SEQ ID NO. 61) and/or, 5
'- CCCTCCACCAACATCAAA - 3 ' (SEQ ID NO. 62) 5'- TGGAATTTAGGGTAGTATTGT -3 '
(SEQ ID NO. 63) SEQ ID NO 4 and 8 represent forward primer (sense primer)
sequences complementary to the bisulfite converted unmethylated sequence of
CTAG1B. SEQ ID NO 12, 16 and 20 represent forward primer (sense primer)
sequences complementary to the bisulfite converted unmethylated sequence of
CTAG2.SEQ ID NO 24, 28, 32, 36 and 40 represent forward primer (sense
primer) sequences 



complementary to the bisulfite converted unmethylated sequence of PRAME.
SEQ ID NO 43 represents the hairpin structure sequence SEQ ID NO 1, 5, 9 ,
13, 17, 2 1, 25, 29, 33, and 37 comprise the hairpin structure sequence and
the sequence of SEQ ID NO. 4, 8, 12, 16, 20, 24, 28, 32, 36 and 40
respectively. SEQ ID NO. 2 and 6 represent the reverse primer (antisense
primer) sequence complementary to the bisulfite converted unmethylated
sequence of the CTAG1B promoter. SEQ ID NO. 10, 14 and 18 represent the
reverse primer sequence complementary to the bisulfite converted
unmethylated sequence of the CTAG2 promoter. SEQ ID NO. 22, 26, 30, 34 and
38 represent the reverse primer sequence complementary to the bisulfite
converted unmethylated sequence of the PRAME promoter. SEQ ID NO. 3, 7 ,
11, 15, 19, 23, 27, 31, 35 and 39 comprises the hairpin structure sequence
and the sequence of SEQ ID NO. 2, 6, 10, 14, 18, 22, 26, 30, 34 and 38. SEQ
ID NO 42 and 44 represent the forward and the reverse primer sequence
complementary to the bisulfite converted methylated sequence of the Actin
Beta gene; SEQ ID NO. 4 1 comprise the hairpin structure sequence and the
sequence of SEQ ID 44. SEQ ID NO 63 represents the forward primer (sense
primer) sequences complementary to the bisulfite converted unmethylated
sequence of MageA3. SEQ ID NO 6 1 comprises the hairpin structure sequence
and the sequence of SEQ ID NO. 63. SEQ ID NO. 62 represents the reverse
primer sequence complementary to the bisulfite converted unmethylated
sequence of MageA3. As detailed in the experimental section, expression and
methylation levels of CTAG2 showed best concordance for the assays that
incorporated the primers of any of SEQ ID NO. 9 to 12 and SEQ ID NO 2 1 to
20. As detailed in the experimental section,expression and methylation
levels of PRAME showed best concordance in the assays that incorporated the
primers of any of SEQ ID NO. 2 1 to 40. Thus in another embodiment,
preferred primer binding to the a region of CTAG2 comprise, consist
essentially of or consist of the nucleotide sequence of any of SEQ ID NO. 9
to 12 and SEQ ID NO 2 1 to 20. The preferred primer binding to a region of
PRAME comprise, consist essentially of or consist of the nucleotide
sequence of any of SEQ ID NO. 2 1 to 40. Amplification products generated
with the different hypomethylation assays had the following sequences:
CTAG1B_1 (129 bp) GGAAGGTGGGGGAGAGTGGTTTGGATTTTAGTA I I I I I I I I I I I I
I IAGGGTTAGGT TTTGTTTGGTTA I I I I I I GTTGTTATAGGTGTGTTTGGTATAGATATTTAG I
I I I IGGG GTTGTGTTGTTTT (SEQ ID NO. 45) CTAG1B_2 (130 bp)
GGGTTGGAGAGTTGTTTGTTTGAGTTGTATTTTGTTTTGTTTTGTTTTGTTTTGATAGT
TTTGGTGGTGAGGTGGGGGTTGGGAGATGGGGAGGGTAGGGTTAGGTGGGGGAG GAGGTGGGGGAGATG(SEQ
ID NO. 46) CTAG2 (150 bp) TGGTGGTGTTG I I I I IGTGTAGGATGGAAGGTG I I I I I
GTGGGGTTAGGAGGTTGG
ATAGTTGTTTGTTTTAGTTGTATTTTGTTTTGTTTTGTTTTAGGAGGTTTTGGTGGTGA
GGTGGGGGTTGTGAGATGGAGATAATAGGGTTAAG (SEQ ID NO. 47) CTAG2_2 (80 bp)
GGTGGTTTTGAAGGATTTTATTGTGTTTGGTMTTTATTGTTTATGTTAGTTTGGGAT
TAGGATAGGGAAGGTGTTGGGT(SEQ ID NO. 48) CTAG2_3 (125 bp) TTTTGTTTTGGGATGTTGTA
I I I I I I I I I IGATTAGGGGTGGTTTTGAAGGATTTTATT
GTGTTTGGTAATTTATTGTTTATGTTAGTTTGGGATTAGGATAGGGAAGGTGTTGGG TGGATGAGG (SEQ ID
NO. 49) PRAMEJI: 129 bp TGGGTTTGTAGTGTTTTAGTATTGTTTTGGGATATTTTATTTG I I I I
I IAGGTGTGATT TGTTAATAGGTTTGTATTGGTGATAAAAGGAGTAGTTTTGAATGTAGGGAAAGTAGG
GTGGAGTTTTTTG (SEQ ID NO. 50) PRAME_2: 106 bp TTGTTTTGGGATATTTTATTTG I I I
I I IAGGTGTGATTTGTTAATAGGTTTGTATTGGT
GATAAAAGGAGTAGTTTTGAATGTAGGGAAAGTAGGGTGGAGTTTTT (SEQ ID NO. 51)PRAME_3: 120
bp GAGGGGAGGGGTGTGAATGTGTGGATTTTTGTGGAGAGTGGAAATATGGGGAGTT
GAGGGGAGTATGTGTGGGTTTTAGAAAGTTTTGGGAAATTGATTTTTGGGAGTAGG GAGGAATG (SEQ ID
NO. 52) PRAME_4: 59bp
AGTGTTGGAGGTTTTGAGGTTAGTTTAAGTTGTTTTAAAATGGAATGAAGGTGTTTGT G (SEQ ID NO.
53) PRAME_6: 50bp TGGTGGATGTTTTGGGATTTGG I I I I I I I
GAAGGTGTTGGGGGTTGGGGATGGTTTA
GGTAGTGGTGTAGGTGTTTTAGGAAGGTGGGAGTAGAGGTAGAAATGTTG (SEQ ID NO. 54) PRAME_7:
98 bp GTTTTGGAAGGATTGAGAAATGGGGATTGGTTAGATTAGGTTGTTTAG I I I I I IGGT
TTTTATTGTTG I I I I I I I I GTTTTATGTAGTGGTTAGGGTG (SEQ ID NO. 55) These
sequences are located in CpG-rich islands of the respective genes.
Accordingly, the invention further relates to oligonucleotides, primers
and/or probes consisting of or complementary to parts of the bisulfite
converted nucleotide sequences set forth as SEQ ID NO: 45, 46, 47, 48, 49,
50, 51, 52, 53, 54 or 55. The portion of the primer consisting of or
complementary to parts of the bisulfite converted sequence of the CTAG1 B,
CTAG2 and/or PRAME gene is preferably less than 30 bp; it is preferably 27,
26, 25, 24, 23, 22, 21, 20, 19, 18 or 17 bp in length. Thus the CTAG1B,
CTAG2 and/or PRAME specific part of such preferred primer is preferably
between 28 and 16 bp, or between 27 and 17 bp in length. The primer may
thus comprise any sequence of 27, 26, 25, 24, 23, 22, 2 1, 20, 19, 18 or 17
consecutive bases consisting of or complementary to the bisulfite converted
sequences. Either one or both of the primers (in a primer pair) may be
labelled with or synthesised to incorporate a suitable stem loop or hairpin
structure carrying a donor and acceptor moiety, preferably at the 51end, as
discussed in detail above. In a preferred embodiment, one or both of the
primer(s) is labelled with or synthesised to incorporate, 



preferably at the 5' end, the stem loop structure comprising, consisting
essentially of or consisting of the nucleotide sequence set forth as 5'-
AGCGATGCGTTCGAGCATCGCU - 3' (SEQ ID NO: 43).This detector sequence is
generally labelled with a FRET pair. Preferably, one moiety in the FRET
pair is found towards, near or at the 5'end of the sequence and the other
moiety is found towards, near or at the 3'end of the sequence such that,
when the stem loop or hairpin structure remains intact FRET is effective
between the two moieties. In a particularly preferred embodiment, the stem
loop or hairpin structure, especially the nucleic acid comprising,
consisting essentially of or consisting of the sequence set forth as SEQ ID
NO: 1 , is labelled at the 5'end with FAM and at the 3'end with DABCYL.
Other preferred combinations are discussed herein, which discussion applies
mutatis mutandis. These primers form separate aspects of the present
invention. Further characteristics of these primers are summarized in the
detailed description (experimental part) below. It is noted that variants
of the Oligonucleotides, primers and probes (sequences) may be utilised in
the present invention. In particular, additional flanking sequences may be
added, for example to improve binding specificity or the formation of a
stem loop, as required. Variant sequences preferably have at least 90%, at
least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least
96%, at least 97%, at least 98%, or at least 99% nucleotide sequence
identity with the nucleotide sequences of the primers and/or probes set
forth in SEQ ID NO:1 to 42 and SEQ ID NO: 44, 60, 6 1 and 62. The primers
and hairpin structures may incorporate synthetic nucleotide analogues as
appropriate or may be DNA, RNA or PNA based for example, or mixtures
thereof. Similarly alternative fluorescent donor and acceptor moieties/FRET
pairs may be utilised as appropriate. In addition to being labelled with
the fluorescent donor and acceptor moieties, the primers may include
modified oligonucleotides and other appending groups and labels provided
that the functionality as a primer and/or stem loop/hairpin structure in
the methods of the invention is not compromised. For each primer pair at
least one primer is labelled with a donor and an acceptor moiety of a
molecular energy transfer pair arranged such that in the absence of
amplification, the acceptor moiety quenches fluorescence emitted by the
donor moiety (upon excitation) and during amplification, the stem loop
structure is disrupted so as to separate the donor and acceptor moieties
sufficiently to produce a detectable fluorescence signal which is detected
in real-time to provide an indication of the gene copy number of the gene.
Preferably, said donor moiety and said acceptor moiety are a FRET pair. In
one embodiment, said donor moiety and said acceptor moiety areselected from
5-carboxyfluorescein or 6-carboxyfluorescein (FAM), 27 1-dimethoxy-4'5 1-
dichloro-6-carboxyfluorescein (JOE), rhodamine, 6-carboxyrhodamine (R6G),
N1N1N'- tetramethyl-6-carboxyrhodamine (TAMRA), 6-carboxy-X-rhodamine
(ROX), 5-(2'- aminoethyl)aminonapthalene-1 -sulfonic acid (EDANS),
anthranilamide, coumarin, terbium chelate derivatives, Malachite green,
Reactive Red 4, DABCYL, tetramethyl rhodamine, pyrene butyrate, eosine
nitrotyrosine, ethidium, and Texas Red. In a further embodiment, said donor
moiety is selected from fluorescein, 5-carboxyfluorescein or 6-
carboxyfluorescein (FAM), rhodamine, 5-(2'-aminoethyl)aminonapthalene-1
-sulfonic acid (EDANS), anthranilamide, coumarin, terbium chelate
derivatives, Malachite green, and Reactive Red 4 , and said acceptor moiety
is selected from DABCYL, rhodamine, tetramethyl rhodamine, pyrene butyrate,
eosine nitrotyrosine, ethidium, and Texas Red. Preferably, said donor
moiety is fluorescein or a derivative thereof, and said acceptor moiety is
DABCYL and most preferably the donor moiety is 6-carboxyfluorescein. Other
preferred combinations, particularly in a multiplexing context, are
discussed herein and these combinations are also envisaged for these
aspects of the invention. The invention also provides kits which may be
used in order to carry out the methods of the invention. The kits may
incorporate any of the preferred features mentioned in connection with the
various methods (and uses) of the invention described herein. Thus, the
invention provides a kit for detecting the presence and/or amount of a
methylated or unmethylated gene of interest in a DNA-containing sample,
comprising at least one primer pair of the invention. Preferably, the kit
incorporates a primer pair of the invention for detecting the presence
and/or amount of unmethylated and/or methylated CTAG 1B, CTAG2, PRAME
and/or MageA3 gene and a primer pair for detecting the presence and/or
amount of a reference gene, in particular beta-actin. Thus, the kit may
comprise primer pairs comprising a primer comprising, consisting
essentially of or consisting of the nucleotide sequence set forth as SEQ ID
NOs 1, 2, 3 , 4, 5 , 6 , 7 , 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19,
20, 2 1, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37,
38, 39, 40, 4 1, 42, 44, 60, 6 1 or 62. Preferably, at least one primer in
each primer pair is labelled with an appropriate stem loop or hairpin
structure to facilitate detection in real time, as discussed above (which
discussion applies here mutatis mutandis). Most preferably at least one
primer in each primer pair incorporates the stem loop or hairpin structure
which comprises, consists essentially of or consists of the nucleotide
sequence set forth as SEQ ID NO:43. The stem loop structure is labelled
with an appropriatedonor and acceptor moiety, as discussed herein (which
discussion applies here mutatis mutandis). As aforementioned, further
characteristics of the primers of the invention are summarized in the
detailed description (experimental part) below. Variants of these sequences
may be utilised in the present invention as discussed herein. Alternative
fluorescent donor and acceptor moieties/FRET pairs may be utilised as
appropriate, as discussed herein. In one embodiment, the kit of the
invention further comprises a reagent which modifies unmethylated cytosine,
as discussed herein (in preference to methylated cytosine resiudes which
are protected). Such a reagent is useful for distinguishing methylated from
unmethylated cytosine residues. In a preferred embodiment, the reagent
comprises bisulphite, preferably sodium bisulphite. This reagent is capable
of converting unmethylated cytosine residues to uracil, whereas methylated
cytosines remain unconverted. This difference in residue may be utilised to
distinguish between methylated and unmethylated nucleic acid in a
downstream process, such as PCR using primers which distinguish between
cytosine and uracil (cytosine pairs with guanine, whereas uracil pairs with
adenine). As discussed with respect to the methods of the invention herein,
suitable controls may be utilised in order to act as quality control for
the methods. Accordingly, in one embodiment, the kit of the invention
further comprises, consists essentially of or consists of one or more
control nucleic acid molecules of which the methylation status is known.
These (one or more) control nucleic acid molecules may include both nucleic
acids which are known to be, or treated so as to be, methylated and/or
nucleic acid molecules which are known to be, or treated so as to be,
unmethylated. One example of a suitable internal reference gene, which is
generally unmethylated, but may be treated so as to be methylated, is
beta-actin. 



The kits of the invention may additionally include suitable buffers and
other reagents for carrying out the claimed methods of the invention. Thus,
the discussion provided in respect of the methods of the invention applies
mutatis mutandis here and is notrepeated for reasons of conciseness. In one
embodiment, the kit of the invention further comprises, consists
essentially of, or consists of nucleic acid amplification buffers. The kit
may also additionally comprise, consist essentially of or consist of
enzymes to catalyze nucleic acid amplification. Thus, the kit may also
additionally comprise, consist essentially of or consist of a suitable
polymerase for nucleic acid amplification. Examples include those from both
family A and family B type polymerases, such as Taq, Pfu, Vent etc. The
various components of the kit may be packaged separately in individual
compartments or may, for example be stored together where appropriate. The
kit may also incorporate suitable instructions for use, which may be
printed on a separate sheet or incorporated into the kit's packaging for
example. The instructions may facilitate use of the kits of the invention
with an appropriate real-time amplification or end-point detection
apparatus, a number of which are commercially available. The last step of
the real-time methods of the invention involves quantifying the results of
the real-time detection against a standard curve for the methylated or
unmethylated gene of interest, and optionally the reference gene (where
included). Standard curves may be generated using a set of standards. Each
standard contains a known copy number, or concentration, of the gene of
interest and/or reference gene as appropriate. Typically, a baseline value
of fluorescence will be set to account for background fluorescence. For
example, in one embodiment the Sequence Detection System (SDS) software is
utilised. This software sets a default baseline range of cycles 3 to 15 of
the amplification reaction before amplification products are detected. A
threshold value of fluorescence is then defined at a statistically
significant value above this baseline. Typically, the threshold is set to
10 standard deviations above the baseline fluorescence. Appropriate
software is provided with apparatus for carrying out real-time
amplification reactions. The software automatically calculates the baseline
and threshold values for the reaction. The threshold cycle value (Ct) can
then be determined for each standard. This is the number of cycles required
to achieve the threshold amplification level. Thus, the greater the initial
concentration of the gene standard in the reaction mixture, the fewer the
number of cycles required to achieve a particular yield of amplified
product. A plot of Ct against thelog10 of the known initial copy number of
the set of standard DNAs produces a straight line. This is the standard
curve. Thus, the Ct value for the amplification of the gene of interest and
reference gene, where utilised, can each be interpolated against the
respective standard curve in order to determine the copy number in the
DNA-containing sample. Thus, the output of the method is the gene copy
number for each of the gene of interest and reference gene. The results may
be normalised by dividing the gene copy number of the methylated or
unmethylated gene of interest by the gene copy number of the reference
gene. In a preferred embodiment, the Applied Biosystems 7900 HT fast
real-time PCR system is used to carry out the methods of the invention.
Preferably, SDS software is utilised, preferably including a suitable
algorithm such as the Auto CT algorithm for automatically generating
baseline and threshold values for individual detectors. Whilst the methods
of the invention may be utilised with any suitable amplification technique,
it is most preferred that amplification is carried out using the polymerase
chain reaction (PCR). Thus, whilst PCR is a preferred amplification method,
to include variants on the basic technique such as nested PCR, equivalents
may also be included within the scope of the invention. Examples include,
without limitation, isothermal amplification techniques such as NASBA, 3SR,
TMA and triamplification, all of which are well known in the art and
suitable reagents are commercially available. Other suitable amplification
methods include, without limitation, the ligase chain reaction (LCR)
(Barringer et al, 1990), MLPA, selective amplification of target
polynucleotide sequences (US Patent No. 6,410,276), consensus sequence
primed polymerase chain reaction (US Patent No 4,437,975), invader
technology (Third Wave Technologies, Madison, Wl), strand displacement
technology, arbitrarily primed polymerase chain reaction (WO90/06995) and
nick displacement amplification (WO2004/067726). The real-time PCR methods
of the invention generally involve steps of lowering the temperature to
allow primer annealing, raising the temperature for primer extension,
raising the temperature for denaturation and lowering the temperature for
data-collection. In one specific embodiment, the data-collection step is
carried out at a temperature of between approximately 560C and 630C, most
preferably at approximately 57C or 620C since this has been shown to give
maximally sensitive and specific results as discussed in the Examples
section.In a specific embodiment, the thermal profiling of the polymerase
chain reaction comprises between 40 and 50 repeats, preferably
approximately 45 repeats of the cycle: (a) approximately 5O0C for
approximately 2 minutes (b) approximately 950C for approximately 10 minutes
(c) approximately 950C for approximately 15 seconds (d) approximately 570C
for approximately 1 minute The preferred reaction scheme shown to produce
specific and sensitive results in the methods of the invention is Stagel:
500C for 2 min, Stage2: 95C for 10min, Stage3: 95C for 15sec, 570C for
30sec, 570C for 30sec (= plateau-data collection) for 45 repeats. It is
possible for the methods of the invention to be used in order to detect
more than one gene of interest in the same reaction. Through the use of
several specific sets of primers, amplification of several nucleic acid
targets can be performed in the same reaction mixture. This may be termed
"multiplexing". In a preferred embodiment, one or both primers for each
target may be hairpin primers labeled with a fluorescent moiety and a
quenching moiety that form a FRET pair. Amplification of several nucleic
acid targets requires that a different fluorescent donor and/or acceptor
moiety, with a different emission wavelength, be used to label each set of
primers. During detection and analysis after an amplification, the reaction
mixture is illuminated and read at each of the specific wavelengths
characteristic for each of the sets of primers used in the reaction. It can
thus be determined which specific target DNAs in the mixture were amplified
and labelled. In a specific embodiment, two or more primer pairs for
amplification of different respective target sequences are used. Thus the
presence and/or amount of a panel of methylated/unmethylated genes of
interest can be detected in a single DNA-containing sample Multiplexing can
also be utilised in the context of detecting both the gene of interest and
a reference gene in the same reaction. Again, primers labelled with
appropriate distinguishable donor and/or acceptor moieties allow the signal
generated by amplification of the gene of interest and reference gene
respectively to be distinguished.In one embodiment, a universal quencher is
utilised together with suitable fluorophore 



donors each having a distinguishable emission wavelength maximum. A
particularly preferred quencher is DABCYL. Together with DABCYL as
quencher, the following fluorophores may each be utilised to allow
multiplexing: Coumarin (emission maximum of 475nm), EDANS (491 nm),
fluorescein (515nm), Lucifer yellow (523nm), BODIPY (525nm), Eosine
(543nm), tetramethylrhodamine (575nm) and texas red (615nm) (Tyagi et al.,
Nature Biotechnology, Vol. 16, Jan 1998; 49-53). Other preferred
combinations are discussed herein. In an alternative embodiment, the
DNA-containing sample can be split and the methods of the invention carried
out on suitable portions of the sample in order to obtain directly
comparable results. Thus, where both the gene of interest and a reference
gene are detected, the sample may be split two ways to allow detection of
amplification of the gene of interest in real time in one sample portion
and detection of amplification of the reference gene in real time in the
other sample portion. The sample may be split further to allow suitable
control reactions to be carried out, as required. The benefit of this
scheme is that a universal FRET pair can be used to label each primer pair
and removes the requirement to detect emission at a range of wavelengths.
However, this method does rely upon obtaining a suitable sample initially
to permit dividing the sample. Whilst any suitable reaction volume may be
utilised, in one specific embodiment, the total reaction volume for the
amplification step is between approximately 10 and 40ml , more preferably
between approximately 10 and 30ml and most preferably around 12 ml . In one
aspect, the oligonucleotides, primers or probes, primer pairs, kits or
methods of the present invention are used for diagnosing cancer or
predisposition of cancer, wherein the presence of unmethylated (or
hypomethylated) CTAG1 B, CTAG2, PRAME and/or MageA3 in the sample is
indicative for cancer or predisposition to cancer. Thus, the present
invention provides kits, methods and primers for diagnosing cancer or
predisposition to cancer. "Diagnosis" is defined herein to include
screening for a disease or pre-stadia of a disease, identifying a disease
or prestadia of a disease, monitoring staging and the state and progression
of the disease, checking for recurrence of disease following treatment and
monitoring the success of a particular treatment. The tests may also have
prognosticvalue, and this is included within the definition of the term
"diagnosis". The prognostic value of the tests may be used as a marker of
potential susceptibility to cancer or as a marker for progression to
cancer. Thus patients at risk may be identified before the disease has a
chance to manifest itself in terms of symptoms identifiable in the patient.
5 In a preferred embodiment, the cancer is selected from lung cancer,
melanoma or breast cancer. In a preferred embodiment, the methods and
assays for diagnosis use at least one oligonucleotide comprising,
consisting, consisting essentially of, or consisting of the nucleotide
sequence of any SEQ ID NO. 1, 2, 3, 4, 5, 6, 7, or 8 for the CTAG1B marker.
The methods and assays for diagnosis use at least one oligonucleotide
comprising, l o consisting, consisting essentially of, or consisting of the
nucleotide sequence of any SEQ ID NO 9 , 10, 11, 12, 13, 14, 15, 16, 17,
18, 19 or for the CTAG2 marker. The methods and assays for diagnosis use at
least one oligonucleotide comprising, consisting, consisting essentially
of, or consisting of the nucleotide sequence of any SEQ ID NO 20, 2 1, 22,
23, 24, 25, 26, 27, 28, 29, 30, 3 1, 32, 33, 34, 35, 36, 37, 38, 39 or 40
for the 15 PRAME marker. In a preferred embodiment, diagnosis of cancer or
predisposition to cancer uses oligonucleotides comprising, consisting,
consisting essentially of, or consisting of the nucleotide sequence of any
SEQ ID NO. 1, 2 , 3, 4, 5, 6, 7, 8, 9 , 10, 11, 12, 13, 14, 15, 16, 17, 18,
19, 20, 2 1, 22, 23, 24, 25, 26, 27, 28, 29, 30, 3 1, 32, 33, 34, 35, 36,
37, 38, 39 and 40 and detects the unmethylated form of the gene. 2 0
Testing can be performed diagnostically or in conjunction with a
therapeutic regimen. RT-PCR assays that establish the predictive value of
CTAG1B, CTAG2 and/or PRAME expression in NSCLC, breast cancer or melanoma
find their application in the selection of patients suitable for treatment
with a CTAG1B, CTAG2, PRAME and/or MageA3 25 immunotherapeutic. The
inventors have shown that an assay designed for the detection of
unmethylated CTAG1B, CTAG2, PRAME and/or MageA3 employing oligonucleotides,
primers or probes, primer pairs or kits of the invention, can reliably
categorize samples as CTAG1B, CTAG2, PRAME and/or MageA3 expressing. The
methylation status result obtained with the hypomethylation test is in good
concordance with the results obtained 3 0 with an existing RT-PCR test for
CTAG1B, CTAG2 and/or PRAME detection that is used on RNA samples. Where
samples, e.g. fine needle biopsies from non-Small Lung Cancer, are utilised
for which qRT-PCR prove difficult, protein expression detected by
determining themethylation status of the MageA3 gene provided an valuable
alternative. Accordingly, the methylation test has clinical application.
Thus, all methods of the invention may be applied to fine needle biopsy
samples. In specific embodiments, the methylation status of the MAGE-A3
gene is determined. Such samples as indicated above are unsuitable for
carrying out alternative methods of detecting (MAGE-A3) expression. These
samples may contain only a few cells and consequentially contain low levels
of DNA. For example, such samples may only permit between approximately 70
to 150 mg of input DNA to be employed for each assay. As shown in example 4
, the methods of the invention are effective using fine needle biopsy
samples. In a further aspect the invention provides a method of predicting
the likelihood of successful treatment of cancer in a subject comprising:
(a) contacting/treating a DNA-containing test sample obtained from a
subject with a reagent which selectively modifies unmethylated cytosine
residues in the DNA to produce detectable modified residues but which does
not modify methylated cytosine residues (b) amplifying at least a portion
of the unmethylated CTAG1B, CTAG2 and/or PRAME gene using at least one
primer pair, at least one primer of which is designed to bind only to the
sequence of unmethylated DNA respectively following treatment with the
reagent, wherein at least one primer in the primer pair comprises, consists
essentially of, or consists of the nucleotide sequence of any of SEQ ID NO.
1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21,
22, 23, 24, 25, 26, 27, 28, 29, 30, 3 1, 32, 33, 34, 35, 36, 37, 38, 39,
40, 41, 42, 44, 60 and 61, (c) determining the methylation status of the
CTAG1B, CTAG2, PRAME and/or MageA3 gene; wherein the presence of
unmethylated CTAG1B, CTAG2, PRAME and/or MageA3 in the sample indicates
that the likelihood of successful treatment with a CTAG1B, CTAG2, PRAME
and/or MageA3 immunotherapeutic is higher than if no or lower levels of
unmethylated CTAG1B, CTAG2, PRAME and/or MageA3 gene is detected. Step (c)
involves identifying whether an amplification product has formed. The
identification of the amplification product (using any suitable technique
as discussedherein) indicates the presence of unmethylated or
hypomethylated CTAG1B, CTAG2, 



PRAME and/or MageA3 in the sample. Of course, the reverse situation is also
applicable and so the methods of the invention may likewise be utilised in
order to determine whether there is likely to be resistance to, or
unsuccessful treatment using, an CTAG1B, CTAG2, PRAME and/or MageA3
immunotherapeutic agent - the absence of unmethylated CTAG1B, CTAG2, PRAME
and/or MageA3 in the sample indicates there is likely to be resistance to
treatment and/or that treatment is likely to be unsuccessful. Primers
specific for methylated DNA may also be employed in complementary methods,
in certain embodiments. The methods of the invention may also be utilised
to select a suitable course of treatment for a patient - the presence of
unmethylated CTAG1B, CTAG2, PRAME and/or MageA3 indicates that CTAG1B,
CTAG2, PRAME and/or MageA3 immunotherapeutic agents may be beneficially
administered, whereas the absence or low level of unmethylated CTAG1B,
CTAG2, PRAME and/or MageA3 indicates that immunothereapeutic agents are
contra-indicated. The discussion provided in respect of the
oligonucleotides, primers or probes, primer pairs, kits or methods of the
invention applies to the present aspect mutatis mutandis and all
embodiments are therefore envisaged, as appropriate, for this aspect of the
invention. By "likelihood of successful treatment" is meant the probability
that treatment of the cancer using any one or more of the listed
therapeutic agents, preferably a CTAG1B, CTAG2, PRAME and/or MageA3
immunotherapeutic or a composition comprising CTAG1B, CTAG2, PRAME and/or
MageA3, will be successful. "Resistance" is defined as a reduced
probability that treatment of cancer will be successful using any one of
the specified immunotherapeutic agents and/or that higher dose will be
required to achieve a therapeutic effect. Hypomethylation of CTAG1B, CTAG2,
PRAME and/or MageA3 may be linked to certain cancer types. Accordingly, in
a specific embodiment, the invention provides a method of detecting a
predisposition to, or the incidence of, breast cancer, lung cancer,
including NSCLC or melanoma in a sample comprising detecting the
methylation status of theCTAG1B, CTAG2, PRAME and/or MageA3 gene using the
oligonucleotides, primers or probes, primer pairs, kits or methods of the
invention, wherein detection of unmethylated CTAG1B, CTAG2, PRAME and/or
MageA3 in the sample is indicative of a predisposition to, or the incidence
of, cancer and in particular melanoma; lung cancer including non-small cell
lung carcinoma (NSCLC); or breast cancer. In a further embodiment, the
tumour or cancer is selected from prostate cancer, ovarian cancer, breast
cancer, bladder cancer; head and neck cancer including oesophagus
carcinoma; cervical cancer, colorectal cancer, squamous cell carcinoma;
liver cancer; multiple myeloma and colorectal cancer. In a further aspect,
there is provided a method for determining the presence of a CTAG1B, CTAG2,
PRAME and/or MageA3 positive tumor comprising detecting the methylation
status of the CTAG1B, CTAG2, PRAME and/or MageA3 gene in a sample with use
of the oligonucleotides, primers or probes, primer pairs, kits or methods
described herein, wherein the presence of unmethylated CTAG1B, CTAG2, PRAME
and/or MageA3 is indicative for the presence of a CTAG1B, CTAG2, PRAME
and/or MageA3 positive tumor. Testing can be performed diagnostically or in
conjunction with a therapeutic regimen. Testing can also be used to
determine what therapeutic or preventive regimen to employ on a patient and
be used to monitor efficacy of a therapeutic regimen. Accordingly, the
invention further provides a method for identifying and/or selecting a
patient suitable for treatment with a CTAG1B, CTAG2, PRAME and/or MageA3
immunotherapeutic comprising detecting the methylation status of the
CTAG1B, CTAG2, PRAME and/or MageA3 gene in a sample of the patient with use
of the oligonucleotides, primers or probes, primer pairs, kits or methods
described herein, wherein if the CTAG1B, CTAG2, PRAME and/or MageA3 gene is
unmethylated the subject is identified and/or selected for treatment with
the CTAG1B, CTAG2, PRAME and/or MageA3 immunotherapeutic. Alternatively, if
the gene is not unmethylated the subject is preferably not selected for
treatment with a CTAG1B, CTAG2, PRAME and/or MageA3 immunotherapeutic.In a
related aspect, the invention provides a method for predicting the
likelihood of successful treatment of cancer comprising detecting the
methylation status of the CTAG1B, CTAG2, PRAME and/or MageA3 gene in a
sample of the patient with use of the oligonucleotides, primers or probes,
primer pairs, kits or methods described herein, wherein if the gene is
unmethylated the likelihood of successful treatment with a CTAG1B, CTAG2,
PRAME and/or MageA3 immunotherapeutic is higher than if the gene is
methylated. Alternatively, the absence of unmethylated CTAG1B, CTAG2, PRAME
and/or MageA3 in the sample indicates that the likelihood of resistance to
treatment with a CTAG1B, CTAG2, PRAME and/or MageA3 immunotherapeutic is
higher than if the gene is unmethylated. Thus, the detection of a
methylated CTAG1B, CTAG2, PRAME and/or MageA3 gene (or lack of detection of
the hypomethylated gene) indicates that the probability of successful
treatment with an immunotherapeutic is low. Thus, the patient population
may be selected for treatment on the basis of their methylation status with
respect to the CTAG1B, CTAG2, PRAME and/or MageA3 gene. This leads to a
much more focussed and personalised form of medicine and thus leads to
improved success rates since patients will be treated with drugs which are
most likely to be effective. In a further related aspect, the invention
provides a method of selecting a suitable treatment regimen for cancer
comprising detecting the methylation status of the CTAG1B, CTAG2, PRAME
and/or MageA3 gene in a sample of the patient with use of the
oligonucleotides, primers or probes, primer pairs, kits or methods
described herein, wherein if the gene is unmethylated, an immunotherapeutic
(in particular a CTAG1B, CTAG2, PRAME and/or MageA3 immunotherapeutic) is
selected for treatment. Alternatively, if the gene is not unmethylated,
treatment with an immunotherapeutic is contra-indicated. Also provided is a
method of treating cancer in a subject comprising administration of an
immunotherapeutic, wherein the subject has been selected for treatment on
the basis of measuring the methylation status of a CTAG1B, CTAG2, PRAME
and/or MageA3 gene,according to any of the methods of the invention or by
using an oligonucleotide, primer or probe, primer pair, kit or a method as
described herein. Preferably, for all of the different aspects described
herein, the detection of unmethylated CTAG1B, CTAG2, PRAME and/or MageA3
gene corresponds to an increased level of CTAG1B, CTAG2, PRAME and/or
MageA3 protein. CTAG1B, CTAG2, MAGE-A3 and/or PRAME immunotherapeutics,
useful in the present invention, include CTAG1B, CTAG2, MAGE-A3 and/or
PRAME based compositions. Examples of compositions comprising CTAG1B,
CTAG2, MAGE-A3 and/or PRAME 



include compositions comprising full length CTAG1B, CTAG2, MAGE-A3 or
PRAME, substantially full-length CTAG1B, CTAG2, MAGE-A3 and/or PRAME and
fragments of CTAG1B, CTAG2, MAGE-A3 or PRAME, for example peptides of
CTAG1B, CTAG2, MAGE-A3 or PRAME. Examples of peptides that may be used in
the present invention include the following MAGE-A3 peptides: The MAGE
protein may be full length MAGE-A3 or may comprise a substantially
fulllength fragment of MAGE3, for example amino acids 3-314 of MAGE3 (312
amino acids in total), or other MAGE-A3 fragments in which between 1 and 10
amino acids are deleted from the N-terminus and/or C-terminus of the
MAGE-A3 protein. In one embodiment, the CTAG1B, CTAG2, MAGE-A3 and/or PRAME
protein, fragment or peptide may be linked to a fusion partner
protein.Examples of antigens that may be used in the present invention
include the following CTAG1B, CTAG2 and/or PRAME antigens: By way of
example, suitable peptides of CTAG1B include peptides with binding motifs
to HLA-A2, such as peptides 157-167, 157-165 and 155-163, as disclosed in
Jager, et al., Proc. Natl. Acad. Sci. USA, 97(22): 121 98-1 2203 (2000).
Peptides of CTAG 1B may include one or more MHC Class 1 or Class 2 epitopes
e.g. those known as A31 , DR1 , DR2, DR4, DR7, DP4, B35, B51, Cw3, Cw6 and
A2 (see WO2008/089074). By way of example, peptides of PRAME may include
peptides with binding motifs to HLA-A2, such as peptides LYVDSLFFL,
ALYVDSLFFL, VLDGLDVLL, SLYSFPEA and SLLQHILGL (see Quintarelli et al,
Blood, 1 September 2008, Vol. 112, No. 5 , pp. 1876- 1885). Peptides of
PRAME may include one or more MHC Class 1 or Class 2 epitopes. By way of
example, peptides of CTAG2 may include ELVRRILSR, MLMAQEALAFL, SLLMWITQC 1
LAAQERRVPR, as disclosed in Sun et al Cancer Immunology, Immunotherapy
Volume 55, Number 6 / June, 2006. The CTAG1B, CTAG2, MAGE-A3 and/or PRAME
protein, fragment or peptide and fusion partner protein may be chemically
conjugated, or may be expressed as a recombinant fusion protein. In an
embodiment in which the antigen and partner are expressed as a recombinant
fusion protein, this may allow increased levels to be produced in an
expression system compared to non-fused protein. Thus the fusion partner
protein may assist in providing T helper epitopes (immunological fusion
partner protein), preferably T helper epitopes recognised by humans, and/or
assist in expressing the protein (expression enhancer protein) at higher
yields than the native recombinant protein. In one embodiment, the fusion
partner protein may be both an immunological fusion partner protein and
expression enhancing partner protein. In one embodiment of the invention,
the immunological fusion partner protein that may be used is derived from
protein D, a surface protein of the gram-negative bacterium, Haemophilus
influenza B (WO 91/18926) or a derivative thereof. The protein D derivative
may comprise the first 1/3 of the protein, or approximately the first 1/3
of the protein. In one embodiment, the first N-terminal 109 residues of
protein D may be used as a fusion partner to provide a CTAG1B, CTAG2,
MAGE-A3 and/or PRAME antigenwith additional exogenous T-cell epitopes and
increase expression level in E coli (thus acting also as an expression
enhancer). In an alternative embodiment, the protein D derivative may
comprise the first N-terminal 100-1 10 amino acids or approximately the
first N-terminal 100-1 10 amino acids. In one embodiment, the protein D or
derivative thereof may be lipidated and lipoprotein D may be used: the
lipid tail may ensure optimal presentation of the antigen to antigen
presenting cells. In an alternative embodiment, the protein D or derivative
thereof is not lipidated. The "secretion sequence" or "signal sequence" of
protein D.refers to approximately amino acids 1 to 16, 17, 18 or 19 of the
naturally occurring protein. In one embodiment, the secretion or signal
sequence of protein D refers to the N-terminal 19 amino acids of protein D.
In one embodiment, the secretion or signal sequence is included at the
N-terminus of the protein D fusion partner. As used herein, the "first
third (1/3)", "first 109 amino acids" and "first N-terminal 100-1 10 amino
acids" refer to the amino acids of the protein D sequence immediately
following the secretion or signal sequence. Amino acids 2-K and 3-L of the
signal sequence may optionally be substituted with the amino acids 2-M and
3-D. In one embodiment, the antigen for immunotherapy may be in a fusion
with protein D in the form of a construct such as: Protein D- CTAG1 B -
His, or Protein D- CTAG2 -His, or Protein D- PRAME- His, or Protein D-
MAGE-A3 - His. This fusion protein may comprise the signal sequence of
protein D, amino acids 1 to 109 of Protein D, the antigen for immunotherapy
(which may be a full length or partial protein sequence), a spacer and a
polyhistidine tail (His) that may facilitate the purification of the fusion
protein during the production process, for example: i) An 18-residue signal
sequence and the first N-terminal 109 residues of protein D; ii) Two
unrelated residues (methionine and aspartic acid); iii) the antigen for
immunotherapy; iv) Two glycine residues functioning as a hinge region; and
v) seven Histidine residues. The portion of protein D that may be employed
preferably does not include the secretion sequence or signal sequence. The
fusion partner protein comprises amino acids Met- Asp-Pro at or within the
N-terminus of the fusion protein sequence and does not include the
secretion sequence or the signal sequence of protein D in certain
embodiments. Forexample the fusion partner protein may comprise or consist
of approximately or exactly amino acids 17 to 127, 18 to 127, 19 to 127 or
20 to 127 of protein D. By way of example, suitable PRAME antigens based on
fusions proteins with protein D are described in WO2008/087102 which
document is incorporated herein by reference in its entirety. In another
embodiment the immunological fusion partner protein may be the protein
known as LytA or a protein derived therefrom. LytA is derived from
Streptococcus pneumoniae which synthesise an N-acetyl-L-alanine amidase,
amidase LytA, (coded by the LytA gene (Gene, 43 (1986) page 265-272)) an
autolysin that specifically degrades certain bonds in the peptidoglycan
backbone. The C-terminal domain of the LytA protein is responsible for the
affinity to choline or to some choline analogues such as DEAE. This
property has been exploited for the development of E. coli C-LytA
expressing plasmids useful for expression of fusion proteins. Purification
of hybrid proteins containing the C-LytA fragment at its amino terminus has
been described (Biotechnology: 10, (1992) page 795-798). In one embodiment,
the C terminal portion of the molecule may be used. The repeat portion of
the LytA molecule found in the C terminal end starting at residue 178 may
be utilised. In one embodiment, the LytA portion may incorporate residues
188 - 305. Other fusion partners include the non-structural protein from
influenzae virus, NS1 (hemagglutinin). In one embodiment, the N terminal 8
1 amino acids of NS1 are utilised, although different fragments may be used
provided they include T-helper epitopes. 



In one embodiment of the present invention, the antigen for use in
immunotherapy may comprise a derivatised free thiol. In one embodiment of
the present invention, the MAGE-A3 protein may comprise a derivatised free
thiol. Such antigens have been described in WO99/40188. In particular
carboxyamidated or carboxymethylated derivatives may be used. Antigens for
immunotherapy may be used in combination with other immunotherapeutic
antigens, in the form of fusions or in admixture For example, CTAG1B may be
employedas a fusion with CTAG2, or a fragment thereof, see WO2008/089074
which document is incorporated herein by reference in its entirety.
Combinations of immunotherapeutic agents, either as fusion proteins or
admixtures, include any combination of 2 or more of CTAG1B, CTAG2, PRAME or
MAGE3, for example, although the invention is not restricted to these
specific antigens, and any immunotherapeutic antigen can be used. By way of
example, MAGE-3 antigens have, for example, been described as suitable to
be formulated in combination with NY-ESO-1 ; see WO2005/105139, which
document is incorporated herein by reference in its entirety. In a further
embodiment immunotherapeutics for use in the present invention may
comprises a nucleic acid molecule encoding an immunotherapeutic protein,
fragment or peptide or fusion protein as described herein. In one
embodiment of the present invention, the sequences may be inserted into a
suitable expression vector and used for DNA/RNA vaccination. Microbial
vectors expressing the nucleic acid may also be used as vector-delivered
immunotherapeutics. Examples of suitable viral vectors include retroviral,
lentiviral, adenoviral, adenoassociated viral, herpes viral including
herpes simplex viral, alpha-viral, pox viral such as Canarypox and
vaccinia-viral based systems. Gene transfer techniques using these viruses
are known to those skilled in the art. Retrovirus vectors for example may
be used to stably integrate the polynucleotide of the invention into the
host genome, although such recombination is not preferred.
Replication-defective adenovirus vectors by contrast remain episomal and
therefore allow transient expression. Vectors capable of driving expression
in insect cells (for example baculovirus vectors), in human cells, yeast or
in bacteria may be employed in order to produce quantities of the protein
encoded by the polynucleotides of the present invention, for example for
use as subunit vaccines or in immunoassays. In a preferred embodiment the
adenovirus used as a live vector is a replication defective simian
adenovirus. Typically these viruses contain an E 1 deletion and can be
grown on cell lines that are transformed with an E 1 gene. Preferred Simian
adenoviruses are viruses isolated from Chimpanzee. In particular C68 (also
known as Pan 9) (See US patent No 6083 716) and Pan 5, 6 and Pan 7 (WO
03/046124) are preferred for use in the present invention. These vectors
can be manipulated to insert a heterologous gene of the invention such that
the gene product may be expressed. The use, formulation andmanufacture of
such recombinant adenoviral vectors is set forth in detail in WO 03/046142.
Conventional recombinant techniques for obtaining nucleic acid sequences,
and production of expression vectors are described in Maniatis et al.,
Molecular Cloning - A Laboratory Manual; Cold Spring Harbor, 1982-1989. For
protein based compositions, the proteins of the present invention may be
provided either soluble in a liquid form or in a lyophilised form. Each
human dose may comprise 1 to 1000 mg of protein. In one embodiment, the
dose may comprise 30-300 mg of protein. The composition for immunotherapy
as described herein may further comprise a vaccine adjuvant, and/or an
immunostimulatory cytokine or chemokine. Thus, the term "immunotherapeutic"
applied herein may incorporate all compositions for immunotherapy as
described herein, including suitable adjuvants. Suitable vaccine adjuvants
for use in the present invention are commercially available such as, for
example, Freund's Incomplete Adjuvant and Complete Adjuvant (Difco
Laboratories, Detroit, Ml); Merck Adjuvant 65 (Merck and Company, Inc.,
Rahway, NJ); AS-2 (SmithKline Beecham, Philadelphia, PA); aluminium salts
such as aluminium hydroxide gel (alum) or aluminium phosphate; salts of
calcium, iron or zinc; an insoluble suspension of acylated tyrosine;
acylated sugars; cationically or anionically derivatised polysaccharides;
polyphosphazenes; biodegradable microspheres; monophosphoryl lipid A and
quil A. Cytokines, such as GM-CSF or interleukin-2, -7, or -12, and
chemokines may also be used as adjuvants. In one embodiment, the adjuvant
may comprise a combination of monophosphoryl lipid A1 such as
3-de-O-acylated monophosphoryl lipid A (3D-MPL) together with an aluminium
salt. Alternatively, the adjuvant may comprise 3D-MPL or other toll like
receptor 4 (TLR4) ligands such as aminoalkyl glucosaminide phosphates as
disclosed in WO 98/50399, WO 01/34617 and WO 03/065806.Another adjuvant
that may be used is a saponin, for example QS21 (Aquila Biopharmaceuticals
Inc., Framingham, MA), that may be used alone or in combination with other
adjuvants. For example, in one embodiment, there is provided a combination
of a monophosphoryl lipid A and saponin derivative, such as the combination
of QS21 and 3D-MPL as described in WO 94/00153, or a composition in which
the QS21 is quenched with cholesterol, as described in WO 96/33739. Other
suitable formulations comprise an oil-in-water emulsion and tocopherol. In
one embodiment, the adjuvant comprises QS21, 3D-MPL and tocopherol in an
oil-in-water emulsion, as described in WO 95/17210. Other adjuvants for use
in the present invention may comprise TLR9 antagonists such as unmethylated
CpG containing oligonucleotides, in which the CpG dinucleotide is
unmethylated. Such oligonucleotides are well known and are described in,
for example WO 96/02555. Suitable oligonucleotides for use in the present
invention (in this context) may include: CpG-containing oligonucleotides
may also be used alone or in combination with other adjuvants. For example,
in one embodiment, the adjuvant comprises a combination of a CpG-containing
oligonucleotide and a saponin derivative particularly the combination of
CpG and QS21 as disclosed in WO 00/09159 and WO 00/62800. Accordingly there
is provided a composition comprising an immunotherapeutic as described
herein, wherein the adjuvant comprises one or more of 3D-MPL, QS21 , a CpG
oligonucleotide, a polyethylene ether or ester or a combination of two or
more of these adjuvants. The immunotherapeutic component within the
composition may be presentedin an oil in water or a water in oil emulsion
vehicle or in a liposomal formulation, in certain embodiments. In one
embodiment, the adjuvant may comprise one or more of 3D-MPL, QS21 and an
immunostimulatory CpG oligonucleotide. In an embodiment all three adjuvant
components are present. The components may be either presented in a
liposomal formulation or an oil in water emulsion, such as described in WO
95/17210. In another embodiment 3D MPL-and Qs21 are presented in an oil in
water emulsion, and 



in the absence of a CpG oligonucleotide. The amount of 3D-MPL used is
generally small, but depending on the formulation may be in the region of
1-1000mg per dose, preferably 1-500mg per dose, and more preferably between
1 to 100mg per dose. The amount of CpG or immunostimulatory
oligonucleotides in the adjuvants of the present invention is generally
small, but depending on the formulation may be in the region of 1-1000mg
per dose, preferably 1-500mg per dose, and more preferably between 1 to
100mg per dose. The amount of saponin for use in the adjuvants of the
present invention may be in the region of 1-1000mg per dose, preferably
1-500mg per dose, more preferably 1-250mg per dose, and most preferably
between 1 to 100mg per dose. The adjuvant formulations as described herein
may additionally comprise an oil in water emulsion and/or tocopherol or may
be formulated in a liposomal composition. Other suitable adjuvants include
Montanide ISA 720 (Seppic, France), SAF (Chiron, California, United
States), ISCOMS (CSL), MF-59 (Chiron), Ribi Detox, RC-529 (GSK, Hamilton,
MT) and other aminoalkyl glucosaminide 4-phosphates (AGPs). Generally, each
human dose may comprise 0.1-1000 mg of antigen, for example 0.1-500 mg,
0.1-100 mg, or 0.1 to 50 mg. An optimal amount for a particular
immunotherapeutic can be ascertained by standard studies involving
observation of appropriate immuneresponses in vaccinated subjects.
Following an initial vaccination, subjects may receive one or several
booster immunisation adequately spaced. Alternatively, a composition for
use in the method of the present invention may comprise a pharmaceutical
composition comprising an immunotherapeutic as described herein in
combination with a pharmaceutically acceptable excipient. The invention
will now be described with respect to the following non-limiting examples:
DESCRIPTION OF THE FIGURES: Figure 1: Localization of CTAG1B assays on the
chromosome. One potential transcription start site (TSS) has been
described. Beginning of the gene structure is represented as follows: open
boxes represent a 300bp promoter region followed by a vertical line
indicating the potential TSS and then the solid boxes represent the first
exons. Assaylocations are indicated with open boxes followed by their
corresponding names, "(U)" indicating an Unmethylation specific assay (i.e.
an assay specific for hypomethylation). The number of CpG count is spotted
over a region of 20kb. Figure 2: Localization of CTAG2 assays on the
chromosome. One potential transcription start site (TSS) has been
described. Beginning of the gene structure is represented as follows: open
boxes represent a 300bp promoter region followed by a vertical line
indicating the potential TSS and then the solid boxes represent the first
exons. Assay locations are indicated with open boxes followed by their
corresponding names, "(U)" indicating an Unmethylation specific assay (i.e.
an assay specific for hypomethylation). The number of CpG count is spotted
over a region of 20kb. CTAG2 was also named CTAG2 1. Figure 3: Localization
of PRAME assays on the chromosome. One potential transcription start site
(TSS) has been described. Beginning of the gene structure is represented as
follows: the open box represents a 300bp promoter region followed by a
vertical line indicating the potential TSS and then the solid boxes
represent the first exons. Assay locations are indicated with open boxes
followed by their correspondingnames, "(U)" indicating an Unmethylation
specific assay (i.e. an assay specific for hypomethylation). The number of
CpG count is spotted over a region of 20kb. Figure 4 : Localization of one
MAGE-A3 assay (MAGE-A3 GO_2 U assay) on the chromosome. One potential
transcription start site (TSS) has been described. Beginning of the gene
structure is represented as follows: the open box represents a 300bp
promoter region followed by a vertical line indicating the potential TSS
and then the solid boxes represent the first exons. Assay location is
indicated with an open box associated to its corresponding names, "(U)"
indicating an Unmethylation specific assay (i.e. an assay specific for
hypomethylation). The number of CpG count is spotted over a region of 20kb.
Figure 5: Schematic overview of the Amplifluor(r) technique. At least one
primer (forward primer) in the primer pair contains a "hairpin" structure
carrying a donor (FAM) and an acceptor moiety (DABCYL) of a molecular
energy transfer pair. This figure describes the case of a sense primer also
called forward primer (for primer) which is linked to the hairpin labelled
structure. In the absence of amplification, fluorescence emitted by the
donor moiety is effectively accepted by the acceptor moiety leading to
quenching of fluorescence. During amplification, the primer is incorporated
into an amplification product. During the second round of amplification the
stem loop or hairpin structure is disrupted. The acceptor moiety is no
longer capable of effectively quenching the fluorescence emitted by the
donor moiety. Thus, the donor moiety produces a detectable fluorescence
signal. Figure 6: Concordance between real time MS-PCR results obtained
with CTAG1B_1S demethylation assay and CTAG1B (gene alias NY-ESO-1) real
time RT-PCR expression data for 48 Non-small Cell Lung Cancer (NSCLC)
samples. The vertical solid thick line indicates the cut-off for the
demethylation assay and the horizontal thick line the expression cut-off.
The linear regression is represented by a black line; R=0.35 Figure 7:
Concordance between real time MS-PCR results obtained with CTAG2_1_AS
demethylation assay and CTAG2 (gene alias LAGE-1) real time RT-PCR
expression data for 48 Non-small Cell Lung Cancer (NSCLC) samples. The
vertical solid thick lineindicates the cut-off for the demethylation assay
and the horizontal thick line the expression cut-off. The linear regression
is represented by a black line; R=0.86; Concordance between the two
techniques is 87.5%. Figure 8: Concordance between real time MS-PCR results
obtained with CTAG2_1_S demethylation assay and CTAG2 (gene alias LAGE-1)
real time RT-PCR expression data for 48 Non-small Cell Lung Cancer (NSCLC)
samples. The vertical solid thick line indicates the cut-off for the
demethylation assay and the horizontal thick line the expression cut-off.
The linear regression is represented by a black line; R=O.88; Concordance
between the two techniques is 87.5%. Figure 9: Concordance between real
time MS-PCR results obtained with CTAG2_2_S demethylation assay and CTAG2
(gene alias LAGE-1) real time RT-PCR expression data for 48 Non-small Cell
Lung Cancer (NSCLC) samples. The vertical solid thick line indicates the
cut-off for the demethylation assay and the horizontal thick line the
expression cut-off. The linear regression is represented by a black line;
R=O.47; Concordance between the two techniques is 68.8%. Figure 10:
Concordance between real time MS-PCR results obtained with CTAG2_3_S
demethylation assay and CTAG2 (gene alias LAGE-1) real time RT-PCR
expression data for 48 Non-small Cell Lung Cancer (NSCLC) samples. The
vertical solid thick line indicates the cut-off for the demethylation assay
and the horizontal thick line the 



expression cut-off. The linear regression is represented by a black line;
R=O.55; Concordance between the two techniques is 66.7%. Figure 11:
Concordance between real time MS-PCR results obtained with PRAME_7_S
demethylation assay and PRAME real time RT-PCR expression data for 48
Non-small Cell Lung Cancer (NSCLC) samples. The vertical solid thick line
indicates the cut-off for the demethylation assay and the horizontal thick
line the expression cut-off. The linear regression is represented by a
black line; R=O.62; Concordance between the two techniques is 83.3%.Figure
12 : Concordance between real time MS-PCR results obtained with PRAME_1_AS
demethylation assay and PRAME real time RT-PCR expression data for 48
Non-small Cell Lung Cancer (NSCLC) samples. The vertical solid thick line
indicates the cut-off for the demethylation assay and the horizontal thick
line the expression cut off. The linear regression is represented by a
black line; R=0.39; Concordance between the two techniques is 66.7%. Figure
13: Concordance between real time MS-PCR results obtained with PRAME_2_S
demethylation assay and PRAME real time RT-PCR expression data for 48
Non-small Cell Lung Cancer (NSCLC) samples. The vertical solid thick line
indicates the cut-off for the demethylation assay and the horizontal thick
line the expression cut-off. The linear regression is represented by a
black line; R=O.64; Concordance between the two techniques is 79.2%. Figure
14: Concordance between real time MS-PCR results obtained with PRAME_3_AS
demethylation assay and PRAME real time RT-PCR expression data for 48
Non-small Cell Lung Cancer (NSCLC) samples. The vertical solid thick line
indicates the cut-off for the demethylation assay and the horizontal thick
line the expression cut-off. The linear regression is represented by a
black line; R=O.73; Concordance between the two techniques is 85. 4%.
Figure 15: Concordance between real time MS-PCR results obtained with
PRAME_6_AS demethylation assay and PRAME real time RT-PCR expression data
for 48 Non-small Cell Lung Cancer (NSCLC) samples. The vertical solid thick
line indicates the cut-off for the demethylation assay and the horizontal
thick line the expression cut-off. The linear regression is represented by
a black line; R=O.24; Concordance between the two techniques is 66.7%.
Figure 16: Concordance between real time MS-PCR results obtained with
CTAG1B_1_S demethylation assay and CTAG 1B (gene alias NY-ESO-1) real time
RT-PCR expression data for 3 1 Melanoma samples; The vertical solid thick
line indicates the cut-off for thedemethylation assay and the horizontal
thick line the expression cut-off. The linear regression is represented by
a black line. Figure 17: Concordance between real time MS-PCR results
obtained with CTAG2_1_AS demethylation assay and CTAG2 (gene alias LAGE-1)
real time RT-PCR expression data for 3 1 Melanoma samples. The vertical
solid thick line indicates the cut-off for the demethylation assay and the
horizontal thick line the expression cut-off. The linear regression is
represented by a black line; R=O.63; Concordance between the two techniques
is 74.2%. Figure 18: Concordance between real time MS-PCR results obtained
with CTAG2_1_S demethylation assay and CTAG2 (gene alias LAGE-1) real time
RT-PCR expression data for 3 1 Melanoma samples. The vertical solid thick
line indicates the cut-off for the demethylation assay and the horizontal
thick line the expression cut-off. The linear regression is represented by
a black line; R=O.62; Concordance between the two techniques is 74.2%.
Figure 19: Concordance between real time MS-PCR results obtained with
CTAG2_2_S demethylation assay and CTAG2 (gene alias LAGE-1) real time
RT-PCR expression data for 3 1 Melanoma samples. The vertical solid thick
line indicates the cut-off for the demethylation assay and the horizontal
thick line the expression cut-off. The linear regression is represented by
a black line; R=O.34; Concordance between the two techniques is 51.6%.
Figure 20: Concordance between real time MS-PCR results obtained with
CTAG2_3_S demethylation assay and CTAG2 (gene alias LAGE-1) real time
RT-PCR expression data for 3 1 Melanoma samples. The vertical solid thick
line indicates the cut-off for the demethylation assay and the horizontal
thick line the expression cut-off. The linear regression is represented by
a black line; R=0.58; Concordance between the two techniques is
74.2%.Figure 21: Concordance between real time MS-PCR results obtained with
PRAME_7_S demethylation assay and PRAME real time RT-PCR expression data
for 3 1 Melanoma samples. The vertical solid thick line indicates the
cut-off for the demethylation assay and the horizontal thick line the
expression cut-off. The linear regression is represented by a black line;
R=0.70; Concordance between the two techniques is 90.3%. Figure 22:
Concordance between real time MS-PCR results obtained with PRAME_1_AS
demethylation assay and PRAME real time RT-PCR expression data for 3 1
Melanoma samples. The vertical solid thick line indicates the cut-off for
the demethylation assay and the horizontal thick line the expression
cut-off. The linear regression is represented by a black line; R=O.26;
Concordance between the two techniques is 93.5%. Figure 23: Concordance
between real time MS-PCR results obtained with PRAME_2_S demethylation
assay and PRAME real time RT-PCR expression data for 3 1 Melanoma samples.
The vertical solid thick line indicates the cut-off for the demethylation
assay and the horizontal thick line the expression cut-off. The linear
regression is represented by a black line; R=O.29; Concordance between the
two techniques is 90.3%. Figure 24: Concordance between real time MS-PCR
results obtained with PRAME_3_AS demethylation assay and PRAME real time
RT-PCR expression data for 3 1 Melanoma samples. The vertical solid thick
line indicates the cut-off for the demethylation assay and the horizontal
thick line the expression cut-off. The linear regression is represented by
a black line; R=O.48; Concordance between the two techniques is 90.3%.
Figure 25: Concordance between real time MS-PCR results obtained with
PRAME_6_AS demethylation assay and PRAME real time RT-PCR expression data
for 3 1 Melanoma samples. The vertical solid thick line indicates the
cut-off for the demethylation assay and the horizontal thick line the
expression cut-off. The linear regression is represented by a black line;
R=0.51 ; Concordance between the two techniques is 90.3%. Figure 26:
Concordance between real time MS-PCR results obtained with CTAG2_1_AS
demethylation assay and CTAG2 real time RT-PCR expression data for 28
breast cancersamples The vertical solid thick line indicates the cut-off
for the demethylation assay and the horizontal thick line the expression
cut-off. The linear regression is represented by a black line; R=O.56;
Concordance between the two techniques is 7 1.4%. Figure 27: Concordance
between real time MS-PCR results obtained with CTAG2_3_S demethylation
assay and CTAG2 real time RT-PCR expression data for 28 breast cancer
samples. The vertical solid thick line indicates the cut-off for the
demethylation assay and the horizontal thick line the expression cut-off.
The linear regression is represented by a 



black line; R=O.34; Concordance between the two techniques is
78.6%.EXPERIMENTAL SECTION We investigated the methylation status of
different CT genes in non small cell lung cancer (NSCLC), melanoma and
breast cancer with unmethylated assays for different purposes such as
screening, detection, staging, prognosis, prediction and monitoring of
disease, prediction and monitoring of treatments (including vaccine
options). Example 1 : CT-antiqen assays: in-silico primer design Several
hypomethylation assays, designed to target the unmethylated version of the
gene sequence were developed for the CT-antigens CTAG1B (=NY-ESO-1), CTAG2
(=LAGE-1) and PRAME. Primer3 software adapted to MSP requirements
(http://fokker.wi.mit.edu/primer3/input.htm ) was used for the in silico
design of forward (F) and reverse (R) primers for detecting the
unmethylated form of CTAG1B, CTAG2 and PRAME. Conditions were as follows:
amplicon size : 50-120; primer size : 19-27; melting temp : 55-65; max 3'
self complementarity = 0; Window of 4000 bp around TSS(number to return =
2000). Location of the CTAG1B, CTAG2 and PRAME U-primers relative to the
Transcription Start Site (TSS) is shown in Figure 1, Figure 2 and Figure 3
respectively. The region of investigated included the promoter area and
extended to the first exons. Either the forward or reverse primer was
synthesised to incorporate a suitable stem loop or hairpin structure
carrying a donor and acceptor moiety at the 5' end carrying the sequence:
5'AGCGATGCGTTCGAGCATCGCU 3' (SEQ ID NO 43.) The different primer
combinations as tested are set out in Table 1 below. Technology principle
of PCR using amplifluor primers is described in Figure 5. Table 1: Primer
and amplifluor detector sequences CTAG1B, CTAG2, PRAME, MageA3 and ACTB.
Amplifluor moiety is underlined.Bispecific anti-ErbB-1 /anti-c-Met
antibodies The present invention relates to bispecific antibodies against
human ErbB-1 and against human c-Met, methods for their production,
pharmaceutical compositions containing said antibodies, and uses thereof.
Background of the Invention ErbB family proteins The ErbB protein family
consists of 4 members ErbB-1, also named epidermal growth factor receptor
(EGFR) ErbB-2, also named HER2 in humans and neu in rodents, ErbB-3, also
named HER3 and ErbB-4, also named HER4. The ErbB family proteins are
receptor tyrosine kinases and represent important mediators of cell growth,
differentiation and survival. ErbB-1 and anti-ErbB-1 antibodies Erb-B 1
(also known as ERBB 1, Human epidermal growth factor receptor, EGFR, HER-I
or avian erythroblastic leukemia viral (v-erb-b) oncogene homolog; SEQ ID
NO: 16) is a 170 kDa transmembrane receptor encoded by the c-erbB
proto-oncogene, and exhibits intrinsic tyrosine kinase activity
(Modjtahedi, H., et al., Br. J . Cancer 73 (1996) 228-235; Herbst, R.S.,
and Shin, D.M., Cancer 94 (2002) 1593-161 1). There are also isoforms and
variants of EGFR (e.g., alternative RNA transcripts, truncated versions,
polymorphisms, etc.) including but not limited to those identified by
Swissprot database entry numbers P00533-1, P00533-2, P00533-3, and
P00533-4. EGFR is known to bind ligands including epidermal growth factor
(EGF), transforming growth a), amphiregulin, heparin-binding EGF (hb-EGF),
betacellulih, factor- (TGf- and epiregulin (Herbst, R.S., and Shin, D.M.,
Cancer 94 (2002) 1593-161 1; Mendelsohn, J., and Baselga, J., Oncogene 19
(2000) 6550-6565). EGFR regulates numerous cellular processes via
tyrosinekinase mediated signal transduction pathways, including, but not
limited to, activation of signal transduction pathways that control cell
proliferation, differentiation, cell survival, apoptosis, angiogenesis,
mitogenesis, and metastasis (Atalay, G., et al., Ann. Oncology 14 (2003)
1346-1363; Tsao, A.S., and Herbst, R.S., Signal 4 (2003) 4-9; Herbst, R.S.,
and Shin, D.M., Cancer 94 (2002) 1593- 161 1; Modjtahedi, H., et al., Br. J
. Cancer 73 (1996) 228-235). Anti-ErbB-1 antibodies target the
extracellular portion of EGFR, which results in blocking ligand binding and
thereby inhibits downstream events such as cellproliferation (Tsao, A.S.,
and Herbst, R.S., Signal 4 (2003) 4-9). Chimeric anti- ErbB-1 antibodies
comprising portions of antibodies from two or more different species (e.g.,
mouse and human) have been developed see for example, US 5,891,996
(mouse/human chimeric antibody, R3), or US 5,558,864 (chimeric and
humanized forms of the murine anti-EGFR MAb 425). Also, IMC-C225
(cetuximab, Erbitux(r); ImClone) is a chimeric mouse/human anti-EGFR
monoclonal antibody (based on mouse M225 monoclonal antibody, which
resulted in HAMA responses in human clinical trials) that has been reported
to demonstrate antitumor efficacy in various human xenograft models.
(Herbst, R.S., and Shin, D.M., Cancer 94 (2002) 1593-161 1). The efficacy
of IMC-C225 has been attributed to several mechanisms, including inhibition
of cell events regulated by EGFR signaling pathways, and possibly by
increased antibody-dependent cellular toxicity (ADCC) activity (Herbst,
R.S., and Shin, D.M., Cancer 94 (2002) 1593- 161 1). IMC-C225 was also used
in clinical trials, including in combination with radiotherapy and
chemotherapy (Herbst, R.S., and Shin, D.M., Cancer 94 (2002) 1593-161 1).
Recently, Abgenix, Inc. (Fremont, CA) developed ABX-EGF for cancer therapy.
ABX-EGF is a fully human anti-EGFR monoclonal antibody. (Yang, X.D., et
al., Crit. Rev. Oncol./Hematol. 38 (2001) 17-23). WO 2006/082515 refers to
humanized anti-EGFR monoclonal antibodies derived from the rat monoclonal
antibody ICR62 and to their glycoengineered forms for cancer therapy. c-Met
and anti-c-Met antibodies MET (mesenchymal-epithelial transition factor) is
a proto-oncogene that encodes a protein MET, (also known as c-Met;
hepatocyte growth factor receptor HGFR; HGF receptor; scatter factor
receptor; SF receptor; SEQ ID NO: 15) (Dean, M., et al., Nature 318 (1985)
385-8; Chan, A.M., et al., Oncogene 1 (1987) 229-33; Bottaro, D.P., et al.,
Science 251 (1991) 802-4; Naldini, L., et al., EMBO J . 10 (1991) 2867-78;
Maulik, G., et al., Cytokine Growth Factor Rev. 13 (2002) 41-59). MET is a
membrane receptor that is essential for embryonic development and wound
healing. Hepatocyte growth factor (HGF) is the only known ligand of the MET
receptor. MET is normally expressed by cells of epithelial origin, while
expression of HGF is restricted to cells of mesenchymal origin. Upon HGF
stimulation, MET induces several biological responses that collectively
give rise to a program known as invasive growth. Abnormal MET activation in
cancer correlates with poor prognosis, where aberrantly active MET triggers
tumorgrowth, formation of new blood vessels (angiogenesis) that supply the
tumor with 



nutrients, and cancer spread to other organs (metastasis). MET is
deregulated in many types of human malignancies, including cancers of
kidney, liver, stomach, breast, and brain. Normally, only stem cells and
progenitor cells express MET, which allows these cells to grow invasively
in order to generate new tissues in an embryo or regenerate damaged tissues
in an adult. However, cancer stem cells are thought to hijack the ability
of normal stem cells to express MET, and thus become the cause of cancer
persistence and spread to other sites in the body. The proto-oncogene MET
product is the hepatocyte growth factor receptor and encodes
tyrosine-kinase activity. The primary single chain precursor protein is
post-translationally cleaved to produce the alpha and beta subunits, which
are disulfide linked to form the mature receptor. Various mutations in the
MET gene are associated with papillary renal carcinoma. Anti-c-Met
antibodies are known e.g. from US 5,686,292, US 7,476,724, WO 2004/0721 17,
WO 2004/108766, WO 2005/016382, WO 2005/063816, WO 2006/015371, WO
2006/10491 1, WO 2007/126799, or WO 2009/007427. C-Met binding peptides are
known e.g. from Matzke, A., et al., Cancer Res 65 (14) (2005) 6105-10. And
Tarn, Eric, M., et al., J. MoI. Biol. 385 (2009)79-90. Multispecific
antibodies A wide variety of recombinant antibody formats have been
developed in the recent past, e.g. tetravalent bispecific antibodies by
fusion of, e.g., an IgG antibody format and single chain domains (see e.g.
Coloma, MJ. , et al., Nature Biotech 15 (1997) 159-163; WO 2001/077342; and
Morrison, S.L., Nature Biotech 25 (2007) 1233- 1234). Also several other
new formats wherein the antibody core structure (IgA, IgD, IgE, IgG or IgM)
is no longer retained such as dia-, tria- or tetrabodies, minibodies,
several single chain formats (scFv, Bis-scFv), which are capable of binding
two or more antigens, have been developed (Holliger, P., et al., Nature
Biotech 23 (2005) 1126-1 136; Fischer, N., Leger, O., Pathobiology 74
(2007) 3-14; Shen, J., et al., Journal of Immunological Methods 318 (2007)
65-74; Wu, C , et al., Nature Biotech. 25 (2007) 1290-1297). All such
formats use linkers either to fuse the antibody core (IgA, IgD, IgE, IgG or
IgM) to a further binding protein (e.g. scFv) or to fuse e.g. two Fab
fragments or- AscFvs (Fischer, N., Leger, O., Pathobiology 74 (2007) 3-14).
It has to be kept in mind that one may want to retain effector functions,
such as e.g. complementdependent cytotoxicity (CDC) or antibody dependent
cellular cytotoxicity (ADCC), which are mediated through the Fc receptor
binding, by maintaining a high degree of similarity to naturally occurring
antibodies. In WO 2007/024715 are reported dual variable domain
immunoglobulins as engineered multivalent and multispecif c binding
proteins. A process for the preparation of biologically active antibody
dimers is reported in US 6,897,044. Multivalent F antibody construct having
at least four variable domains which are linked with each over via peptide
linkers are reported in US 7,129,330. Dimeric and multimeric antigen
binding structures are reported in US 2005/0079170. Tri- or tetra-valent
monospecific antigen-binding protein comprising three or four Fab fragments
bound to each other covalently by a connecting structure, which protein is
not a natural immunoglobulin are reported in US 6,51 1,663. In WO
2006/020258 tetravalent bispecific antibodies are reported that can be
efficiently expressed in prokaryotic and eukaryotic cells, and are useful
in therapeutic and diagnostic methods. A method of separating or
preferentially synthesizing dimers which are linked via at least one
interchain disulfide linkage from dimers which are not linked via at least
one interchain disulfide linkage from a mixture comprising the two types of
polypeptide dimers is reported in US 2005/0163782. Bispecific tetravalent
receptors are reported in US 5,959,083. Engineered antibodies with three or
more functional antigen binding sites are reported in WO 2001/077342.
Multispecif c and multivalent antigen-binding polypeptides are reported in
WO 1997/001580. WO 1992/004053 reports homoconjugates, typically prepared
from monoclonal antibodies of the IgG class which bind to the same
antigenic determinant are covalently linked by synthetic cross-linking.
Oligomeric monoclonal antibodies with high avidity for antigen are reported
in WO 1991/06305 whereby the oligomers, typically of the IgG class, are
secreted having two or more immunoglobulin monomers associated together to
form tetravalent or hexavalent IgG molecules. Sheep-derived antibodies and
engineered antibody constructs are reported in US 6,350,860, which can be
used to treat diseases wherein interferon gamma activity is pathogenic. In
US 2005/0100543 are reported targetable constructs that are multivalent
carriers of bi-specific antibodies, i.e., each molecule of a targetable
construct can serve as a carrier of two or more bi-specific antibodies.
Genetically engineered bispecific tetravalent antibodies arereported in WO
1995/009917. In WO 2007/109254 stabilized binding molecules that consist of
or comprise a stabilized scFv are reported. US 2007/0274985 relates to
antibody formats comprising single chain Fab (scFab) fragments. WO
2008/140493 relates to anti-ErbB family member antibodies and bispecific
antibodies comprising one or more anti- ErbB family member antibodies. US
2004/0071696 relates to bispecific antibody molecules which bind to members
of the ErbB protein family. WO200911 1707(Al) relates to a combination
therypy with Met and HER antagonists. WO20091 11691(A2A3) to a combination
therypy with Met and EGFR antagonists. WO20040721 17 relates to c-Met
antibodies which induces c-Met downregulation/internalization and their
potential use in bispecific antibodies inter alia with ErbB-1 as second
antigen Summary of the Invention A first aspect of the current invention is
a bispecific antibody specifically binding to human ErbB-1 and human c-Met
comprising a first antigen-binding site that specifically binds to human
ErbB-1 and a second antigen-binding site that specifically binds to human
c-Met, characterized in that said bispecific antibody shows an
internalization of c-Met of no more than 15 % when measured after 2 hours
in a flow cytometry assay on OVCAR-8 cells, as compared to internalization
of c-Met in the absence of antibody. In one embodiment of the invention
said antibody is a bivalent or trivalent, bispecific antibody specifically
binding to human ErbB-1 and to human c-Met comprising one or two
antigen-binding sites that specifically bind to human ErbB-1 and one
antigen-binding site that specifically binds to human c-Met. 



In one embodiment of the invention said antibody is a trivalent, bispecific
antibody specifically binding to human ErbB-1 and to human c-Met comprising
two antigenbinding sites that specifically bind to human ErbB-1 and a third
antigen-binding site that specifically binds to human c-Met. In one
embodiment of the invention said antibody is a bivalent, bispecific
antibody specifically binding to human ErbB-1 and to human c-Met comprising
one antigenbinding sites that specifically bind to human ErbB-1 and one
antigen-binding site that specifically binds to human c-Met. One aspect of
the invention is a bispecific antibody specifically binding to human ErbB-1
and human c-Met comprising a first antigen-binding site that specifically
binds to human ErbB-1 and a second antigen-binding site that specifically
binds to human c-Met, characterized in that i) said first antigen-binding
site comprises in the heavy chain variable domain a CDR3H region of SEQ ID
NO: 17, a CDR2H region of SEQ ID NO: 18, and a CDRlH region of SEQ ID NO:
19, and in the light chain variable domain a CDR3L region of SEQ ID NO: 20,
a CDR2L region of SEQ ID NO:21, and a CDRlL region of SEQ ID NO:22; and
said second antigen-binding site comprises in the heavy chain variable
domain a CDR3H region of SEQ ID NO: 29, a CDR2H region of, SEQ ID NO: 30,
and a CDRl H region of SEQ ID NO: 31, and in the light chain variable
domain a CDR3L region of SEQ ID NO: 32, a CDR2L region of SEQ ID NO: 33,
and a CDRlL region of SEQ ID NO: 34; ii) said first antigen-binding site
comprises in the heavy chain variable domain a CDR3H region of SEQ ID NO:
23, a CDR2H region of SEQ ID NO: 24, and a CDRlH region of SEQ ID NO:25,
and in the light chain variable domain a CDR3L region of SEQ ID NO: 26, a
CDR2L region of SEQ ID NO:27, and a CDRlL region of SEQ ID NO:28; and said
second antigen-binding site comprises in the heavy chain variable domain a
CDR3H region of SEQ ID NO: 29, a CDR2H region of, SEQ ID NO: 30, and a
CDRlH region of SEQ ID NO: 31, and in the light chain variable domain a
CDR3L region of SEQ ID NO: 32, a CDR2L region of SEQ ID NO: 33, and a CDRlL
region of SEQ ID NO: 34. Said bispecific antibody is preferably ,
characterized in that i) said first antigen-binding site specifically
binding to ErbB-1 comprises as heavy chain variable domain the sequence of
SEQ ID NO: 1 , and as light chain variable domain the sequence of SEQ IDNO:
2 ; and said second antigen-binding site specifically binding to c-Met
comprises as heavy chain variable domain the sequence of SEQ ID NO: 5, and
as light chain variable domain the sequence of SEQ ID NO: 6; or ii) said
first antigen-binding site specifically binding to ErbB-1 comprises as
heavy chain variable domain the sequence of SEQ ID NO: 3 , and as light
chain variable domain the sequence of SEQ ID NO: 4 ; and said second
antigen-binding site specifically binding to c-Met comprises as heavy chain
variable domain the sequence of SEQ ID NO: 5, and as light chain variable
domain the sequence of SEQ ID NO: 6. A further aspect of the invention is a
bispecific antibody according the invention characterized in comprising a
constant region of IgGl or IgG3 subclass In one embodiment said bispecific
antibody according the invention is characterized in that said antibody is
glycosylated with a sugar chain at Asn297 whereby the amount of fucose
within said sugar chain is 65 % or lower. A further aspect of the invention
is a nucleic acid molecule encoding a chain of said bispecific antibody.
Still further aspects of the invention are a pharmaceutical composition
comprising said bispecific antibody, said composition for the treatment of
cancer, the use of said bispecific antibody for the manufacture of a
medicament for the treatment of cancer, a method of treatment of patient
suffering from cancer by administering said bispecific antibody to a
patient in the need of such treatment. As EGFR, and c-Met are part of a
receptor cross-talk resulting in phosphorylation and activation of the
downstream signaling cascades and due to the upregulation of these
receptors on the cell surface of tumor tissue (Bachleitner-Hofrnann et al.,
MoI. Cane. Ther. (2009) 3499-3508), the bispecific <ErbB-l-c-Met>
antibodies according to the invention have valuable properties like
antitumor efficacy and cancer cell inhibition.The antibodies according to
the invention show highly valuable properties like, e.g. inter alia, growth
inhibition of cancer cells expressing both receptors ErbB 1 and c- Met,
antitumor efficacy causing a benefit for a patient suffering from cancer.
The bispecific <ErbBl-c-Met> antibodies according to the invention show
reduced internalization of the c-Met receptor when compared to their parent
monospecific, bivalent <c-Met> antibodies on cancer cells expressing both
receptors ErbBl and c-Met. Detailed Description of the Invention A first
aspect of the current invention is a bispecific antibody specifically
binding to human ErbB-1 and human c-Met comprising a first antigen-binding
site that specifically binds to human ErbB-1 and a second antigen-binding
site that specifically binds to human c-Met, characterized in that said
bispecific antibody shows an internalization of c-Met of no more than 15 %
when measured after 2 hours in a flow cytometry assay on OVCAR-8 cells, as
compared to internalization of c-Met in the absence of said bispecific
antibody. Thus the invention is directed to a bispecific antibody that
specifically binds to human ErbB-1 and human c-Met comprising a first
antigen-binding site that specifically binds to human ErbB-1 and a second
antigen-binding site that specifically binds to human c-Met, wherein the
bispecific antibody causes an increase in internalization of c-Met on
OVCAR-8 cells of no more than 15 % when measured after 1 hour of OVCAR-8
cell-antibody incubation as measured by a flow cytometry assay, as compared
to internalization of c-Met on OVCAR-8 cells in the absence of antibody. 



In one embodiment said bispecific antibody specifically binding to human
ErbB-1 and human c-Met comprising a first antigen-binding site that
specifically binds to human ErbB-1 and a second antigen-binding site that
specifically binds to human c-Met is characterized in that said bispecific
antibody shows an internalization of c- Met of no more than 10 % when
measured after 2 hours in a flow cytometry assay on OVCAR-8 cells, as
compared to internalization of c-Met in the absence of said bispecific
antibody. In one embodiment said bispecific antibody specifically binding
to human ErbB-1 and human c-Met comprising a first antigen-binding site
that specifically binds to human ErbB-1 and a second antigen-binding site
that specifically binds to humanc-Met is characterized in that said
bispecific antibody shows an internalization of c- Met of no more than 7 %
when measured after 2 hours in a flow cytometry assay on OVCAR-8 cells, as
compared to internalization of c-Met in the absence of said bispecific
antibody. In one embodiment said bispecific antibody specifically binding
to human ErbB-1 and human c-Met comprising a first antigen-binding site
that specifically binds to human ErbB-1 and a second antigen-binding site
that specifically binds to human c-Met is characterized in that said
bispecific antibody shows an internalization of c- Met of no more than 5 %
when measured after 2 hours in a flow cytometry assay on OVCAR-8 cells, as
compared to internalization of c-Met in the absence of said bispecific
antibody. The term "the internalization of c-Met" refers to the
antibody-induced c-Met receptor internalization on OVCAR-8 cells (NCI Cell
Line designation; purchased from NCI (National Cancer Institute)
OVCAR-8-NCI; Schilder, R.J. et al., Int. J . Cancer 45 (1990) 416-422;
Ikediobi, O.N. et al., MoI. Cancer. Ther. 5 (2006) 2606- 2012; Lorenzi,
P.L., et al., MoI. Cancer Ther. 8 (2009) 713-724) as compared to the
internalization of c-Met in the absence of antibody. Such internalization
of the c-Met receptor is induced by the bispecific antibodies according to
the invention and is measured after 2 hours in a flow cytometry assay
(FACS) as described in Example 9. A bispecific antibody according the
invention shows an internalization of c-Met of no more than 15 % on OVCAR-8
cells after 2 hours of antibody exposure as compared to the internalization
of c-Met in the absence of antibody. In one embodiment said antibody shows
an internalization of c-Met of no more than 10 %. In one embodiment said
antibody shows an internalization of c-Met of no more than 7 %. In one
embodiment said antibody shows an internalization of c-Met of no more than
5 %. Another aspect of the current invention is a bispecific antibody
specifically binding to human ErbB-1 and human c-Met comprising a first
antigen-binding site that specifically binds to human ErbB-1 and a second
antigen-binding site that specifically binds to human c-Met, characterized
in that said bispecific antibody reduces the internalization of c-Met,
compared to the internalization of c-Met induced by the (corresponding)
monospecific, bivalent parent c-Met antibody, by 50 % or more (in one
embodiment 60 % or more; in another embodiment 70 % or more, in one
embodiment 80 % or more), when measured after 2 hours in a flow cytometry
assay on OVCAR-8 cells. The reduction of internalization of c-Met
iscalculated (using the % internalization values measured after 2 hours in
a flow cytometry assay on OVCAR-8 cells, whereas % internalization values
below 0 are set as 0% internalization, e.g. for BsABOl (-14%
internalization is set as 0% inetrnalization) as follows: 100 x
(%internalization of c-Met induced by monospecific, bivalent parent c-Met
antibody - % internalization of c-Met induced by bispecific ErbB-1/cMet
antibody)/ %internalization of c-Met induced by monospecific, bivalent
parent c-Met antibody. For example: the bispecific ErbB- 1/cMet antibody
BsABOl shows an internalization of c-Met of -14 % which is set as 0%, and
the monospecific, bivalent parent c-Met antibody Mab 5D5 shows an
internalization of c-Met of 44 %. Thus the bispecific ErbB-1/cMet antibody
BsABOl shows a reduction of the internalization of c-Met of 100 x (40-0)/40
% = 100 % (see internalization values measured after 2 hours in a flow
cytometry assay on OVCAR-8 cells in Example 9). As used herein, "antibody"
refers to a binding protein that comprises antigenbinding sites. The terms
"binding site" or "antigen-binding site" as used herein denotes the
region(s) of an antibody molecule to which a ligand actually binds and is
derived from an antibody. The term "antigen-binding site" include antibody
heavy chain variable domains (VH) and/or an antibody light chain variable
domains (VL), or pairs of VH/VL, and can be derived from whole antibodies
or antibody fragments such as single chain Fv, a VH domain and/or a VL
domain, Fab, or (Fab)2. In one embodiment of the current invention each of
the antigenbinding sites comprises an antibody heavy chain variable domain
(VH) and/or an antibody light chain variable domain (VL), and preferably is
formed by a pair consisting of an antibody light chain variable domain (VL)
and an antibody heavy chain variable domain (VH). Further to antibody
derived antigen-binding sites also binding peptides as described e.g. in
Matzke, A., et al., Cancer Res. 65 (14) (2005) 6105-10 can specifically
bind to an antigen (e.g. c-Met). Thus a further aspect of the current
invention is a bispecific binding molecule specifically binding to human
ErbB-1 and to human c- Met comprising a antigen-binding site that
specifically binds to human ErbB-1 and a binding peptide that specifically
binds to human c-Met. Thus a further aspect of the current invention is a
bispecific binding molecule specifically binding to human ErbB-1 and to
human c-Met comprising a antigen-binding site that specifically binds to
human c-Met and a binding peptide that specifically binds to human
ErbB-1.Erb-Bl (also known as ERBBl, Human epidermal growth factor receptor,
EGFR, HER-I or avian erythroblastic leukemia viral (v-erb-b) oncogene
homolog; SEQ ID NO: 16) is a 170 kDa transmembrane receptor encoded by the
c-erbB proto-oncogene, and exhibits intrinsic tyrosine kinase activity
(Modjtahedi, H., et al., Br. J. Cancer 73 (1996) 228-235; Herbst, R.S., and
Shin, D.M., Cancer 94 (2002) 1593-161 1). There are also isoforms and
variants of EGFR (e.g., alternative RNA transcripts, truncated versions,
polymorphisms, etc.) including but not limited to those identified by
Swissprot database entry numbers P00533-1, P00533-2, P00533-3, and
P00533-4. EGFR is known to bind ligands including epidermal growth factor
(EGF), transforming growth a), amphiregulin, heparin-binding EGF (hb-EGF),
betacellulih,factor- (TGf- and epiregulin (Herbst, R.S., and Shin, D.M.,
Cancer 94 (2002) 1593-161 1; Mendelsohn, J., and Baselga, J., Oncogene 19
(2000) 6550-6565). EGFR regulates numerous cellular processes via
tyrosine-kinase mediated signal transduction pathways, including, but not
limited to, activation of 



signal transduction pathways that control cell proliferation,
differentiation, cell survival, apoptosis, angiogenesis, mitogenesis, and
metastasis (Atalay, G., et al., Ann. Oncology 14 (2003) 1346-1363; Tsao,
A.S., and Herbst, R.S., Signal 4 (2003) 4-9; Herbst, R.S., and Shin, D.M.,
Cancer 94 (2002) 1593-161 1; Modjtahedi, H., et al., Br. J . Cancer 73
(1996) 228-235). The antigen-binding site, and especially heavy chain
variable domains (VH) and/or antibody light chain variable domains (VL),
that specifically bind to human ErbB-1 can be derived a) from known
anti-ErbB-1 antibodies like e.g. IMC-C225 (cetuximab, Erbitux(r); ImClone)
(Herbst, R.S., and Shin, D.M., Cancer 94 (2002) 1593-161 1), ABX-EGF
(Abgenix) (Yang, X.D., et al., Crit. Rev. Oncol ./Hematol. 38 (2001)
17-23), humanized ICR62 (WO 2006/082515) or other antibodies as described
e.g. in US 5,891,996, US 5,558,864; or b) from new anti-ErbB-1 antibodies
obtained by de novo immunization methods using inter alia either the human
ErbB-1 protein or nucleic acid or fragments thereof or by phage display.
MET (mesenchymal-epithelial transition factor) is a proto-oncogene that
encodes a protein MET, (also known as c-Met; hepatocyte growth factor
receptor HGFR; HGF receptor; scatter factor receptor; SF receptor; SEQ ID
NO: 15) (Dean, M., et al., Nature 318 (1985) 385-8; Chan, A.M., et al.,
Oncogene 1 (1987) 229-33; Bottaro, D.P., et al., Science 251 (1991) 802-4;
Naldini, L., et al., EMBO J . 10 (1991) 2867-78; Maulik, G., et al.,
Cytokine Growth Factor Rev. 13 (2002) 41-59) MET is a membrane receptor
that is essential for embryonic development andwound healing. Hepatocyte
growth factor (HGF) is the only known ligand of the MET receptor. MET is
normally expressed by cells of epithelial origin, while expression of HGF
is restricted to cells of mesenchymal origin. Upon HGF stimulation, MET
induces several biological responses that collectively give rise to a
program known as invasive growth. Abnormal MET activation in cancer
correlates with poor prognosis, where aberrantly active MET triggers tumor
growth, formation of new blood vessels (angiogenesis) that supply the tumor
with nutrients, and cancer spread to other organs (metastasis). MET is
deregulated in many types of human malignancies, including cancers of
kidney, liver, stomach, breast, and brain. Normally, only stem cells and
progenitor cells express MET, which allows these cells to grow invasively
in order to generate new tissues in an embryo or regenerate damaged tissues
in an adult. However, cancer stem cells are thought to hijack the ability
of normal stem cells to express MET, and thus become the cause of cancer
persistence and spread to other sites in the body. The antigen-binding
site, and especially heavy chain variable domains (VH) and/or antibody
light chain variable domains (VL), that specifically bind to human c-Met
can be derived a) from known anti-c-Met antibodies as describe e.g. in US
5,686,292, US 7,476,724, WO 2004/072 117, WO 2004/108766, WO 2005/016382,
WO 2005/063816, WO 2006/015371, WO 2006/10491 1, WO 2007/126799, or WO
2009/007427 b) from new anti-c-Met antibodies obtained e.g. by de novo
immunization methods using inter alia either the human anti-c-Met protein
or nucleic acid or fragments thereof or by phage display. A further aspect
of the invention is a bispecific antibody specifically binding to human
ErbB-1 and to human c-Met comprising a first antigen-binding site that
specifically binds to human ErbB-1 and a second antigen-binding site that
specifically binds to human c-Met characterized in that i) said first
antigen-binding site specifically binding to ErbB-1 comprises as heavy
chain variable domain the sequence of SEQ ID NO: 1 , and as light chain
variable domain the sequence of SEQ ID NO: 2 ; and said second
antigen-binding site specifically binding to c-Met comprises as heavy chain
variable domain the sequence of SEQ ID NO: 5, and as light chain variable
domain the sequence of SEQ ID NO: 6; orii) said first antigen-binding site
specifically binding to ErbB-1 comprises as heavy chain variable domain the
sequence of SEQ ID NO: 3 , and as light chain variable domain the sequence
of SEQ ID NO: 4 ; and said second antigen-binding site specifically binding
to c-Met comprises as heavy chain variable domain the sequence of SEQ ID
NO: 5, and as light chain variable domain the sequence of SEQ ID NO: 6.
Antibody specificity refers to selective recognition of the antibody for a
particular epitope of an antigen. Natural antibodies, for example, are
monospecific. "Bispecific antibodies" according to the invention are
antibodies which have two different antigen-binding specificities. Where an
antibody has more than one specificity, the recognized epitopes may be
associated with a single antigen or with more than one antigen. Antibodies
of the present invention are specific for two different antigens, i.e.
ErbB-1 as first antigen and c-Met as second antigen. The term
"monospecific" antibody as used herein denotes an antibody that has one or
more binding sites each of which bind to the same epitope of the same
antigen. The term "valent" as used within the current application denotes
the presence of a specified number of binding sites in an antibody
molecule. As such, the terms "bivalent", "tetravalent", and "hexavalent"
denote the presence of two binding site, four binding sites, and six
binding sites, respectively, in an antibody molecule. The bispecific
antibodies according to the invention are at least "bivalent" and may be
"trivalent" or "multivalent" (e.g.("tetravalent" or "hexavalent"). An
antigen-binding site of an antibody of the invention can contain six
complementarity determining regions (CDRs) which contribute in varying
degrees to the affinity of the binding site for antigen. There are three
heavy chain variable domain CDRs (CDRHl, CDRH2 and CDRH3) and three light
chain variable domain CDRs (CDRLl, CDRL2 and CDRL3). The extent of CDR and
framework regions (FRs) is determined by comparison to a compiled database
of amino acid sequences in which those regions have been defined according
to variability among the sequences. Also included within the scope of the
invention are functional antigen binding sites comprised of fewer CDRs
(i.e., where binding specificity is determined by three, four or five
CDRs). For example, less than a complete set of 6CDRs may be sufficient for
binding. In some cases, a VH or a VL domain will be sufficient. In
preferred embodiments, antibodies of the invention further comprise
immunoglobulin constant regions of one or more immunoglobulin classes of
human origin. Immunoglobulin classes include IgG, IgM, IgA, IgD, and IgE
isotypes and, in the case of IgG and IgA, their subtypes. In a preferred 



embodiment, an antibody of the invention has a constant domain structure of
an IgG type antibody, but has four antigen binding sites. This is
accomplished e.g. by linking one (or two) complete antigen binding sites
(e.g., a single chain Fab fragment or a single chain Fv) specifically
binding to c-Met to either to N- or C-terminus heavy or light chain of a
full antibody specifically binding to ErbB-1 yielding a trivalent
bispecific antibody (or tetravalent bispecific antibody). Alternatively IgG
like bispecific, bivalent antibodies against human ErbB-1 and human c-Met
comprising the immunoglobulin constant regions can be used as described
e.g. in EP 07024867.9, EP 07024864.6, EP 07024865.3 or Ridgway, J.B.,
Protein Eng. 9 (1996) 617-621; WO 96/02701 1; Merchant, A.M., et al.,
Nature Biotech 16 (1998) 677-681; Atwell, S., et al., J . MoI. Biol. 270
(1997) 26- 35 and EP 1870459Al. The terms "monoclonal antibody" or
"monoclonal antibody composition" as used herein refer to a preparation of
antibody molecules of a single amino acid composition. The term "chimeric
antibody" refers to an antibody comprising a variable region, i.e., binding
region, from one source or species and at least a portion of a constant
region derived from a different source or species, usually prepared by
recombinant DNA techniques. Chimeric antibodies comprising a murine
variable region and a human constant region are preferred. Other preferred
forms of "chimeric antibodies" encompassed by the present invention are
those in which the constant region has been modified or changed from that
of the original antibody to generate the properties according to the
invention, especially in regard to CIq binding and/or Fc receptor (FcR)
binding. Such chimeric antibodies are also referred to as "class-switched
antibodies.". Chimeric antibodies are the product of expressed
immunoglobulin genes comprising DNA segments encoding immunoglobulin
variable regions and DNA segments encoding immunoglobulin constant regions.
Methods for producing chimeric antibodies involve conventional recombinant
DNA and gene transfection techniques are well known in the art. See,
e.g.,Morrison, S.L., et al., Proc. Natl. Acad. Sci. USA 8 1 (1984)
6851-6855; US 5,202,238 and US 5,204,244. The term "humanized antibody"
refers to antibodies in which the framework or "complementarity determining
regions" (CDR) have been modified to comprise the CDR of an immunoglobulin
of different specificity as compared to that of the parent immunoglobulin.
In a preferred embodiment, a murine CDR is grafted into the framework
region of a human antibody to prepare the "humanized antibody." See, e.g.,
Riechmann, L., et al., Nature 332 (1988) 323-327; and Neuberger, M.S., et
al., Nature 314 (1985) 268-270. Particularly preferred CDRs correspond to
those representing sequences recognizing the antigens noted above for
chimeric antibodies. Other forms of "humanized antibodies" encompassed by
the present invention are those in which the constant region has been
additionally modified or changed from that of the original antibody to
generate the properties according to the invention, especially in regard to
CIq binding and/or Fc receptor (FcR) binding. The term "human antibody", as
used herein, is intended to include antibodies having variable and constant
regions derived from human germ line immunoglobulin sequences. Human
antibodies are well-known in the state of the art (van Dijk, M.A., and van
de Winkel, J.G., Curr. Opin. Chem. Biol. 5 (2001) 368-374). Human
antibodies can also be produced in transgenic animals (e.g., mice) that are
capable, upon immunization, of producing a full repertoire or a selection
of human antibodies in the absence of endogenous immunoglobulin production.
Transfer of the human germ-line immunoglobulin gene array in such germ-line
mutant mice will result in the production of human antibodies upon antigen
challenge (see, e.g., Jakobovits, A., et al., Proc. Natl. Acad. Sci. USA 90
(1993) 2551-2555; Jakobovits, A., et al., Nature 362 (1993) 255-258;
Briiggemann, M., et al., Year Immunol. 7 (1993) 33-40). Human antibodies
can also be produced in phage display libraries (Hoogenboom, H.R., and
Winter, GJ. MoI. Biol. 227 (1992) 381-388; Marks, J.D., et al., J . MoI.
Biol. 222 (1991) 581-597). The techniques of Cole, S.P.C., et al. and
Boerner, P., et al. are also available for the preparation of human
monoclonal antibodies (Cole, S.P.C , et al., Monoclonal Antibodies and
Cancer Therapy, Liss, A.L., (1985) 77-96; and Boerner, P., et al., J .
Immunol. 147 (1991) 86-95). As already mentioned for chimeric and humanized
antibodies according to the invention the term "human antibody" as used
herein also comprises such antibodies which are modified in the constant
region togenerate the properties according to the invention, especially in
regard to CIq binding and/or FcR binding, e.g. by "class switching" i.e.
change or mutation of Fc parts (e.g. from IgGl to IgG4 and/or IgGl/IgG4
mutation). The term "recombinant human antibody", as used herein, is
intended to include all human antibodies that are prepared, expressed,
created or isolated by recombinant means, such as antibodies isolated from
a host cell such as a NSO or CHO cell or from an animal (e.g. a mouse) that
is transgenic for human immunoglobulin genes or antibodies expressed using
a recombinant expression vector transfected into a host cell. Such
recombinant human antibodies have variable and constant regions in a
rearranged form. The recombinant human antibodies according to the
invention have been subjected to in vivo somatic hypermutation. Thus, the
amino acid sequences of the VH and VL regions of the recombinant antibodies
are sequences that, while derived from and related to human germ line VH
and VL sequences, may not naturally exist within the human antibody germ
line repertoire in vivo. The "variable domain" (variable domain of a light
chain (VL), variable region of a heavy chain (VH) as used herein denotes
each of the pair of light and heavy chains which is involved directly in
binding the antibody to the antigen. The domains of variable human light
and heavy chains have the same general structure and each domain comprises
four framework (FR) regions whose sequences are widely conserved, connected
by three "hypervariable regions" (or complementarity determining regions,
CDRs). The framework regions adopt a b-sheet conformation and the CDRs may
form loops connecting the b-sheet structure. The CDRs in each chain are
held in their three-dimensional structure by the framework regions and form
together with the CDRs from the other chain the antigen binding site. The
antibody heavy and light chain CDR3 regions play a particularly important
role in the binding specificity/affinity of the antibodies according to the
invention and therefore provide a further object of the invention. The
terms "hypervariable region" or "antigen-binding portion of an antibody or
an antigen binding site" when used herein refer to the amino acid residues
of an 



antibody which are responsible for antigen-binding. The hypervariable
region comprises amino acid residues from the "complementarity determining
regions" or "CDRs". "Framework" or "FR" regions are those variable domain
regions other than the hypervariable region residues as herein defined.
Therefore, the light and heavy chains of an antibody comprise from N- to
C-terminus the domains FRl, CDRl, FR2, CDR2, FR3, CDR3, and FR4. CDRs on
each chain are separated bysuch framework amino acids. Especially, CDR3 of
the heavy chain is the region which contributes most to antigen binding.
CDR and FR regions are determined according to the standard definition of
Kabat, et al., Sequences of Proteins of Immunological Interest, 5th ed.,
Public Health Service, National Institutes of Health, Bethesda, MD ( 1991).
As used herein, the term "binding" or "specifically binding" refers to the
binding of the antibody to an epitope of the antigen (either human ErbB-1
or human c-Met) in an in vitro assay, preferably in an plasmon resonance
assay (BIAcore, GEHealthcare Uppsala, Sweden) with purified wild-type
antigen. The affinity of the binding is defined by the terms ka (rate
constant for the association of the antibody from the antibody/antigen
complex), k (dissociation constant), and K (ko/ka). Binding or specifically
binding means a binding affinity (KD) of 10~8 mo1/1 or less, preferably 10
9 M to 10~13 mol/1. Thus, a bispecific <ErbBl-c-Met> antibody according to
the invention is specifically binding to each antigen for which it is
specific with a binding affinity (KD) of 10 8 mol/1 or less, preferably 10
9 M to 10 13 mol/1. Binding of the antibody to the FcgRIII can be
investigated by a BIAcore assay (GE-Healthcare Uppsala, Sweden). The
affinity of the binding is defined by the terms ka (rate constant for the
association of the antibody from the antibody/antigen complex), kD
(dissociation constant), and KD (ko/ka). The term "epitope" includes any
polypeptide determinant capable of specific binding to an antibody. In
certain embodiments, epitope determinant include chemically active surface
groupings of molecules such as amino acids, sugar side chains, phosphoryl,
or sulfonyl, and, in certain embodiments, may have specific three
dimensional structural characteristics, and or specific charge
characteristics. An epitope is a region of an antigen that is bound by an
antibody. In certain embodiments, an antibody is said to specifically bind
an antigen when it preferentially recognizes its target antigen in a
complex mixture of proteins and/or macromolecules. The term "constant
region" as used within the current applications denotes the sum of the
domains of an antibody other than the variable region. The constant region
is not involved directly in binding of an antigen, but exhibit various
effector functions. Depending on the amino acid sequence of the constant
region of theirheavy chains, antibodies are divided in the classes: IgA,
IgD, IgE, IgG and IgM, and several of these may be further divided into
subclasses, such as IgGl, IgG2, IgG3, and IgG4, IgAl and IgA2. The heavy
chain constant regions that correspond to the different classes of
antibodies are called a, d, e, g, and m, .respectively. The light chain
constant regions which can be found in all five antibody classes are called
K(kappa) and l (lambda). The constant region are preferably derived from
human origin. The term "constant region derived from human origin" as used
in the current application denotes a constant heavy chain region of a human
antibody of the subclass IgGl, IgG2, IgG3, or IgG4 and/or a constant light
chain kappa or lambda region. Such constant regions are well known in the
state of the art and e.g. described by Kabat, E.A., (see e.g. Johnson, G.
and Wu, T.T., Nucleic Acids Res. 28 (2000) 214-218; Kabat, E.A., et al.,
Proc. Natl. Acad. Sci. USA 72 (1975) 2785- 2788). In one embodiment the
bispecific antibodies according to the invention comprise a constant region
of IgGl or IgG3 subclass (preferably of IgGl subclass), which is preferably
derived from human origin. In one embodiment the bispecific antibodies
according to the invention comprise a Fc part of IgGl or IgG3 subclass
(preferably of IgGl subclass), which is preferably derived from human
origin. While antibodies of the IgG4 subclass show reduced Fc receptor
(FcgRIIIa) binding, antibodies of other IgG subclasses show strong binding.
However Pro238, Asp265, Asp270, Asn297 (loss of Fc carbohydrate), Pro329,
Leu234, Leu235, Gly236, Gly237, Ile253, Ser254, Lys288, Thr307, Gln311,
Asn434, and His435 are residues which, if altered, provide also reduced Fc
receptor binding (Shields, R.L., et al., J. Biol. Chem. 276 (2001)
6591-6604; Lund, J., et al., FASEB J . 9 (1995) 115-1 19; Morgan, A., et
al., Immunology 86 (1995) 319-324; EP 0 307 434). In one embodiment an
antibody according to the invention has a reduced FcR binding compared to
an IgGl antibody and the full length parent antibody is in regard to FcR
binding of IgG4 subclass or of IgGl or IgG2 subclass with a mutation in
S228, L234, L235 and/or D265, and/ or contains the PVA236 mutation. In one
embodiment the mutations in the full length parent antibody are S228P,
L234A, L235A, L235E and/or PVA236. In another embodiment the mutations in
the full length parent antibody are in IgG4 S228P and in IgGl L234A and
L235A.The constant region of an antibody is directly involved in ADCC
(antibodydependent cell-mediated cytotoxicity) and CDC
(complement-dependent cytotoxicity). Complement activation (CDC) is
initiated by binding of complement factor CIq to the constant region of
most IgG antibody subclasses. Binding of CIq to an antibody is caused by
defined protein-protein interactions at the so called binding site. Such
constant region binding sites are known in the state of the art and
described e.g. by Lukas, T., J., et al., J . Immunol. 127 (1981) 2555-2560;
Brunhouse, R., and Cebra, J., J., MoI. Immunol. 16 (1979) 907-917; Burton,
D., R., et al., Nature 288 (1980) 338-344; Thommesen, J., E., et al., MoI.
Immunol. 37 (2000) 995-1004; Idusogie, E., E., et al., J . Immunol. 164
(2000) 4178-4184; Hezareh, M., et al., J . Virol. 75 (2001) 12161-12168;
Morgan, A., et al., Immunology 86 (1995) 319-324; and EP 0 307 434. Such
constant region binding sites are, e.g., characterized by the amino acids
L234, L235, D270, N297, E318, K320, K322, P331, and P329 (numbering
according to EU index of Kabat). The term "antibody-dependent cellular
cytotoxicity (ADCC)" refers to lysis of human target cells by an antibody
according to the invention in the presence of effector cells. ADCC is
measured preferably by the treatment of a preparation of ErB-I and c-Met
expressing cells with an antibody according to the invention in the
presence of effector cells such as freshly isolated PBMC or purified
effector cells from buffy coats, like monocytes or natural killer (NK)
cells or a permanently growing NK cell line. 



The term "complement-dependent cytotoxicity (CDC)" denotes a process
initiated by binding of complement factor CIq to the Fc part of most IgG
antibody subclasses. Binding of CIq to an antibody is caused by defined
protein-protein interactions at the so called binding site. Such Fc part
binding sites are known in the state of the art (see above). Such Fc part
binding sites are, e.g., characterized by the amino acids L234, L235, D270,
N297, E318, K320, K322, P331, and P329 (numbering according to EU index of
Kabat). Antibodies of subclass IgGl, IgG2, and IgG3 usually show complement
activation including CIq and C3 binding, whereas IgG4 does not activate the
complement system and does not bind CIq and/or C3. Cell-mediated effector
functions of monoclonal antibodies can be enhanced by engineering their
oligosaccharide component as described in Umana, P., et al., Nature
Biotechnol. 17 (1999) 176-180, and US 6,602,684. IgGl type antibodies, the
most commonly used therapeutic antibodies, are glycoproteins that have
aconserved N-linked glycosylation site at Asn297 in each CH2 domain. The
two complex biantennary oligosaccharides attached to Asn297 are buried
between the CH2 domains, forming extensive contacts with the polypeptide
backbone, and their presence is essential for the antibody to mediate
effector functions such as antibody dependent cellular cytotoxicity (ADCC)
(Lifely, M.R., et al., Glycobiology 5 (1995) 813-822; Jefferis, R., et al.,
Immunol. Rev. 163 (1998) 59-76; Wright, A., and Morrison, S.L., Trends
Biotechnol. 15 (1997) 26-32). Umana, P., et al. Nature Biotechnol. 17
(1999) 176-180 and WO 99/54342 showed that overexpression in Chinese
hamster ovary (CHO) cells of b(l,4)-N-acetylglucosaminyl transferase III
("GnTIII"), a glycosyltransferase catalyzing the formation of bisected
oligosaccharides, significantly increases the in vitro ADCC activity of
antibodies. Alterations in the composition of the Asn297 carbohydrate or
its elimination affect also binding to FcgR and CIq (Umana, P., et al.,
Nature Biotechnol. 17 (1999) 176- 180; Davies, J., et al., Biotechnol.
Bioeng. 74 (2001) 288-294; Mimura, Y., et al., J . Biol. Chem. 276 (2001)
45539-45547; Radaev, S., et al., J. Biol. Chem. 276 (2001) 16478-16483;
Shields, R.L., et al., J . Biol. Chem. 276 (2001) 6591-6604; Shields, R.L.,
et al., J. Biol. Chem. 277 (2002) 26733-26740; Simmons, L.C., et al., J .
Immunol. Methods 263 (2002) 133-147). Methods to enhance cell-mediated
effector functions of monoclonal antibodies by reducing the amount of
fucose are described e.g. in WO 2005/018572, WO 2006/1 16260, WO 2006/1
14700, WO 2004/065540, WO 2005/01 1735, WO 2005/027966, WO 1997/028267, US
2006/0134709, US 2005/0054048, US 2005/0152894, WO 2003/035835, WO
2000/061739, Niwa, R., et al., J . Immunol. Methods 306 (2005) 151-160;
Shinkawa, T., et al, J Biol Chem, 278 (2003) 3466-3473; WO 03/055993 or US
2005/0249722. In one embodiment of the invention, the bispecific antibody
according to the invention is glycosylated (IgGl or IgG3 subclass) with a
sugar chain at Asn297 whereby the amount of fucose within said sugar chain
is 65 % or lower (Numbering according to Kabat). In another embodiment is
the amount of fucose within said sugar chain is between 5 % and 65 %,
preferably between 20 % and 40 %. "Asn297" according to the invention means
amino acid asparagine located at about position 297 in the Fc region. Based
on minor sequence variations of antibodies, Asn297 can also be located some
amino acids (usually not more than +3 amino acids) upstream or downstream
of position 297, i.e. between position 294 and 300.Glycosylation of human
IgGl or IgG3 occurs at Asn297 as core fucosylated biantennary complex
oligosaccharide glycosylation terminated with up to two Gal residues. Human
constant heavy chain regions of the IgGl or IgG3 subclass are reported in
detail by Kabat, E.A., et al., Sequences of Proteins of Immunological
Interest, 5th Ed. Public Health Service, National Institutes of Health,
Bethesda, MD. (1991), and by Bruggemann, M., et al., J . Exp. Med. 166
(1987) 1351-1361; Love, T.W., et al., Methods Enzymol. 178 (1989) 515-527.
These structures are designated as GO, Gl ( -1,6- or -1,3-), or G2 glycan
residues, depending from the amount of terminal Gal residues (Raju, T.S.,
Bioprocess Int. 1 (2003) 44-53). CHO type glycosylation of antibody Fc
parts is e.g. described by Routier, F.H., Glycoconjugate J . 14 (1997)
201-207. Antibodies which are recombinantly expressed in non-glycomodified
CHO host cells usually are fucosylated at Asn297 in an amount of at least
85 %. The modified oligosaccharides of the full length parent antibody may
be hybrid or complex. Preferably the bisected, reduced/notfucosylated
oligosaccharides are hybri d hi another embodiment, the bisected,
reduced/not-fucosylated oligosaccharides are complex. According to the
invention "amount of fucose" means the amount of said sugar within the
sugar chain at Asn297, related to the sum of all glycostructures attached
to Asn297 (e.g. complex, hybrid and high mannose structures) measured by
MALDI-TOF mass spectrometry and calculated as average value. The relative
amount of fucose is the percentage of fucose-containing structures related
to all glycostructures identified in an N-Glycosidase F treated sample
(e.g. complex, hybrid and oligo- and high-mannose structures, resp.) by
MALDI-TOF. (see e.g WO 2008/077546(Al)). One embodiment is a method of
preparation of the bispecif c antibody of IgGl or IgG3 subclass which is
glycosylated (of) with a sugar chain at Asn297 whereby the amount of fucose
within said sugar chain is 65 % or lower, using the procedure described in
WO 2005/044859, WO 2004/065540, WO2007/031875, Umana, P., et al., Nature
Biotechnol. 17 (1999) 176-180, WO 99/154342, WO 2005/018572, WO
2006/116260, WO 2006/1 14700, WO 2005/011735, WO 2005/027966, WO 97/028267,
US 2006/0134709, US 2005/0054048, US 2005/0152894, WO 2003/035835 or WO
2000/061739. One embodiment is a method of preparation of the bispecif c
antibody of IgGl or IgG3 subclass which is glycosylated (of) with a sugar
chain at Asn297 whereby the amount of fucose within said sugar chain is 65
% or lower, using the proceduredescribed in Niwa, R., et al., J . Immunol.
Methods 306 (2005) 151-160; Shinkawa, T. et al, J Biol Chem, 278 (2003)
3466-3473; WO 03/055993 or US 2005/0249722. Bispecific antibody Formats
Antibodies of the present invention have two or more binding sites and are
multispecific and preferably bispecific. That is, the antibodies may be
bispecific even in cases where there are more than two binding sites (i.e.
that the antibody is trivalent or multivalent). Bispecific antibodies of
the invention include, for example, multivalent single chain antibodies,
diabodies and triabodies, as well as antibodies having the constant domain
structure of full length antibodies to which further antigen-binding sites
(e.g., single chain Fv, a VH domain and/or a VL 



domain, Fab, or (Fab)2,) are linked via one or more peptide-linkers. The
antibodies can be full length from a single species, or be chimerized or
humanized. For an antibody with more than two antigen binding sites, some
binding sites may be identical, so long as the protein has binding sites
for two different antigens. That is, whereas a first binding site is
specific for a ErbB-1, a second binding site is specific for c-Met, and
vice versa. In a preferred embodiment the bispecific antibody specifically
binding to human ErbB-1 and to human c-Met according to the invention
comprises the Fc region of an antibody (preferably of IgGl or IgG3
subclass). Bivalent bispecific Formats Bispecific, bivalent antibodies
against human ErbB-1 and human c-Met comprising the immunoglobulin constant
regions can be used as described e.g. in WO2009/080251, WO2009/080252,
WO2009/080253 or Ridgway, J.B., Protein Eng. 9 (1996) 617-621; WO 96/02701
1; Merchant, A.M., et al., Nature Biotech 16 (1998) 677-681; Atwell, S., et
al., J. MoI. Biol. 270 (1997) 26-35 and EP 1870459A1. Thus in one
embodiment of the invention the bispecific <ErbB-l-c-Met> antibody
according to the invention is a bivalent, bispecific antibody, comprising:
a) the light chain and heavy chain of a full length antibody specifically
binding toErbB-1,; and b) the light chain and heavy chain of a full length
antibody specifically binding to human c-Met,wherein the constant domains
CL and CHl, and/or the variable domains VL and VH are replaced by each
other. In another embodiment of the invention the bispecific <ErbB-l-c-Met>
antibody according to the invention is a bivalent, bispecific antibody,
comprising: a) the light chain and heavy chain of a full length antibody
specifically binding to human c-Met; and b) the light chain and heavy chain
of a full length antibody specifically binding to ErbB-1, , wherein the
constant domains CL and CHl , and/or the variable domains VL and VH are
replaced by each other. For an exemplary schematic structure with the
"knob-into-holes" technology as described below see Fig 2a-c. To improve
the yields of such heterodimeric bivalent, bispecific anti-ErbB- 1/anti-c-
Met antibodies, the CH3 domains of said full length antibody can be altered
by the "knob-into-holes" technology which is described in detail with
several examples in e.g. WO 96/02701 1, Ridgway, J., B., et al., Protein
Eng 9 (1996) 617-621; and Merchant, A., M., et al., Nat Biotechnol 16
(1998) 677-681. In this method the interaction surfaces of the two CH3
domains are altered to increase the heterodimerisation of both heavy chains
containing these two CH3 domains. Each of the two CH3 domains (of the two
heavy chains) can be the "knob", while the other is the "hole". The
introduction of a disulfide bridge stabilizes the heterodimers (Merchant,
A., M., et al., Nature Biotech 16 (1998) 677-681; Atwell, S., et al., J .
MoI. Biol. 270 (1997) 26-35) and increases the yield. Thus in one aspect of
the invention said bivalent, bispecific antibody is further is
characterized in that the CH3 domain of one heavy chain and the CH3 domain
of the other heavy chain each meet at an interface which comprises an
original interface between the antibody CH3 domains; wherein said interface
is altered to promote the formation of the bivalent, bispecific antibody,
wherein the alteration is characterized in that: a) the CH3 domain of one
heavy chain is altered,so that within the original interface the CH3 domain
of one heavy chain that meets the original interface of the CH3 domain of
the other heavy chain within the bivalent, bispecific antibody, an amino
acid residue is replaced with an amino acid residue having a larger side
chain volume, thereby generating a protuberance within the interface of the
CH3 domain of one heavy chain which is positionable in a cavity within the
interface of the CH3 domain of the other heavy chain and b) the CH3 domain
of the other heavy chain is altered, so that within the original interface
of the second CH3 domain that meets the original interface of the first CH3
domain within the bivalent, bispecific antibody an amino acid residue is
replaced with an amino acid residue having a smaller side chain volume,
thereby generating a cavity within the interface of the second CH3 domain
within which a protuberance within the interface of the first CH3 domain is
positionable. Preferably said amino acid residue having a larger side chain
volume is selected from the group consisting of arginine (R), phenylalanine
(F), tyrosine (Y), tryptophan (W). Preferably said amino acid residue
having a smaller side chain volume is selected from the group consisting of
alanine (A), serine (S), threonine (T), valine (V). In one aspect of the
invention both CH3 domains are further altered by the introduction of
cysteine (C) as amino acid in the corresponding positions of each CH3
domain such that a disulfide bridge between both CH3 domains can be formed.
In a preferred embodiment, said bivalent, bispecific comprises a T366W
mutation in the CH3 domain of the "knobs chain" and T366S, L368A, Y407V
mutations in the CH3 domain of the "hole chain". An additional interchain
disulfide bridge between the CH3 domains can also be used (Merchant, A.M,
et al., Nature Biotech 16 (1998) 677-681) e.g. by introducing a Y349C
mutation into the CH3 domain of the "knobs chain" and a E356C mutation or a
S354C mutation into the CH3 domain of the "hole chain". Thus in a another
preferred embodiment, said bivalent,bispecific antibody comprises Y349C,
T366W mutations in one of the two CH3 domains and E356C, T366S, L368A,
Y407V mutations in the other of the two CH3 domains or said bivalent,
bispecific antibody comprises Y349C, T366W mutations in one of the two CH3
domains and S354C, T366S, L368A, Y407V mutations in the other of the two
CH3 domains (the additional Y349C mutation in one CH3 domain and the
additional E356C or S354C mutation in the other CH3 domain forming a
interchain disulfide bridge) (numbering always according to EU index of
Kabat). But also other knobs-in-holes technologies as described by EP
1870459A1, can be used alternatively or additionally. A preferred example
for said bivalent, bispecific antibody are R409D; K370E mutations in the
CH3 domain of the "knobs 



chain" and D399K; E357K mutations in the CH3 domain of the "hole chain"
(numbering always according to EU index of Kabat). In another preferred
embodiment said bivalent, bispecific antibody comprises a T366W mutation in
the CH3 domain of the "knobs chain" and T366S, L368A, Y407V mutations in
the CH3 domain of the "hole chain" and additionally R409D; K370E mutations
in the CH3 domain of the "knobs chain" and D399K; E357K mutations in the
CH3 domain of the "hole chain". In another preferred embodiment said
bivalent, bispecific antibody comprises Y349C, T366W mutations in one of
the two CH3 domains and S354C, T366S, L368A, Y407V mutations in the other
of the two CH3 domains or said bivalent, bispecific antibody comprises
Y349C, T366W mutations in one of the two CH3 domains and S354C, T366S,
L368A, Y407V mutations in the other of the two CH3 domains and additionally
R409D; K370E mutations in the CH3 domain of the "knobs chain" and D399K;
E357K mutations in the CH3 domain of the "hole chain". Trivalent bispecific
Formats Another preferred aspect of the current invention is a trivalent,
bispecific antibody comprising a) a full length antibody specifically
binding to human ErbB-1 and consisting of two antibody heavy chains and two
antibody light chains; and b) one single chain Fab fragment specifically
binding to human c-Met,wherein said single chain Fab fragment under b) is
fused to said full length antibody under a) via a peptide connector at the
C- or N- terminus of the heavy or light chain of said full length antibody.
For an exemplary schematic structure with the "knob-into-holes" technology
as described below see Fig 5a. Another preferred aspect of the current
invention is a trivalent, bispecif c antibody comprising a) a full length
antibody specifically binding to human ErbB-1 and consisting of two
antibody heavy chains and two antibody light chains; and b) one single
chain Fv fragment specifically binding to human c-Met, wherein said single
chain Fv fragment under b) is fused to said full length antibody under a)
via a peptide connector at the C- or N- terminus of the heavy or light
chain of said full length antibody. For an exemplary schematic structure
with the "knob-into-holes" technology as described below see Fig 5b. In one
preferred embodiment said single chain Fab or Fv fragments binding human
c-Met are fused to said full length antibody via a peptide connector at the
Cterminus of the heavy chains of said full length antibody. Another
preferred aspect of the current invention is a trivalent, bispecific
antibody comprising a) a full length antibody specifically binding to human
ErbB-1 and consisting of two antibody heavy chains and two antibody light
chains; b) a polypeptide consisting of ba) an antibody heavy chain variable
domain (VH); or bb) an antibody heavy chain variable domain (VH) and an
antibody constant domain 1 (CHl), wherein said polypeptide is fused with
the N-terminus of the VH domain via a peptide connector to the C-terminus
of one of the two heavy chains of said full length antibodyc) a polypeptide
consisting of ca) an antibody light chain variable domain (VL), or cb) an
antibody light chain variable domain (VL) and an antibody light chain
constant domain (CL); wherein said polypeptide is fused with the N-terminus
of the VL domain via a peptide connector to the C-terminus of the other of
the two heavy chains of said full length antibody; and wherein the antibody
heavy chain variable domain (VH) of the polypeptide under b) and the
antibody light chain variable domain (VL) of the polypeptide under c)
together form an antigen-binding site specifically binding to human c-Met.
Preferably said peptide connectors under b) and c) are identical and are a
peptide of at least 25 amino acids, preferably between 30 and 50 amino
acids. For exemplary schematic structures see Fig 3a-c. Optionally the
antibody heavy chain variable domain (VH) of the polypeptide under b) and
the antibody light chain variable domain (VL) of the polypeptide under c)
are linked and stabilized via a interchain disulfide bridge by introduction
of a disulfide bond between the following positions: i) heavy chain
variable domain position 44 to light chain variable domain position 100,
ii) heavy chain variable domain position 105 to light chain variable domain
position 43, or iii) heavy chain variable domain position 101 to light
chain variable domain position 100 (numbering always according to EU index
of Kabat). Techniques to introduce unnatural disulfide bridges for
stabilization are described e.g. in WO 94/029350, Rajagopal, et al., Prot.
Engin. 10 (1997) 1453-59; Kobayashi, H., et al., Nuclear Medicine & Biology
25 (1998) 387-393; or Schmidt, M., et al., Oncogene 18 (1999) 171 1 -1721.
In one embodiment the optional disulfide bond between the variable domains
of the polypeptides under b) and c) is between heavy chain variable domain
position 44 and light chain variable domain position 100. In one embodiment
the optional disulfide bond between the variable domains of the
polypeptides under b) and c) is between heavy chain variable domain
position 105 and light chain variable domain position 43. (numberingalways
according to EU index of Kabat) In one embodiment a trivalent, bispecific
antibody without said optional disulfide stabilization between the variable
domains VH and VL of the single chain Fab fragments is preferred. By the
fusion of a single chain Fab, Fv fragment to one of the heavy chains (Fig
5a or 5b) or by the fusion of the different polypeptides to both heavy
chains of the full lengths antibody (Fig 3a -c) a heterodimeric, trivalent
bispecific antibody results. To improve the yields of such heterodimeric
trivalent, bispecific anti-ErbB-1 /anti c-Met antibodies, the CH3 domains
of said full length antibody can be altered by the "knob-into-holes"
technology which is described in detail with several examples in e.g. WO
96/02701 1, Ridgway, J.B., et al., Protein Eng 9 (1996) 617- 621; and
Merchant, A.M., et al., Nat Biotechnol 16 (1998) 677-681. In this method 



the interaction surfaces of the two CH3 domains are altered to increase the
heterodimerisation of both heavy chains containing these two CH3 domains.
Each of the two CH3 domains (of the two heavy chains) can be the "knob",
while the other is the "hole". The introduction of a disulfide bridge
stabilizes the heterodimers (Merchant, A.M., et al., Nature Biotech 16
(1998) 677-681; Atwell, S., et al. J . MoI. Biol. 270 (1997) 26-35) and
increases the yield. Thus in one aspect of the invention said trivalent,
bispecific antibody is further is characterized in that the CH3 domain of
one heavy chain of the full length antibody and the CH3 domain of the other
heavy chain of the full length antibody each meet at an interface which
comprises an original interface between the antibody CH3 domains; wherein
said interface is altered to promote the formation of the bivalent,
bispecific antibody, wherein the alteration is characterized in that: a)
the CH3 domain of one heavy chain is altered, so that within the original
interface the CH3 domain of one heavy chain that meets the original
interface of the CH3 domain of the other heavy chain within the bivalent,
bispecific antibody, an amino acid residue is replaced with an amino acid
residue having a larger side chain volume, thereby generating a
protuberance within the interface of the CH3domain of one heavy chain which
is positionable in a cavity within the interface of the CH3 domain of the
other heavy chain and b) the CH3 domain of the other heavy chain is
altered, so that within the original interface of the second CH3 domain
that meets the original interface of the first CH3 domain within the
trivalent, bispecific antibody an amino acid residue is replaced with an
amino acid residue having a smaller side chain volume, thereby generating a
cavity within the interface of the second CH3 domain within which a
protuberance within the interface of the first CH3 domain is positionable.
Preferably said amino acid residue having a larger side chain volume is
selected from the group consisting of arginine (R), phenylalanine (F),
tyrosine (Y), tryptophan (W). Preferably said amino acid residue having a
smaller side chain volume is selected from the group consisting of alanine
(A), serine (S), threonine (T), valine (V). In one aspect of the invention
both CH3 domains are further altered by the introduction of cysteine (C) as
amino acid in the corresponding positions of each CH3 domain such that a
disulfide bridge between both CH3 domains can be formed. In a preferred
embodiment, said trivalent, bispecific comprises a T366W mutation in the
CH3 domain of the "knobs chain" and T366S, L368A, Y407V mutations in the
CH3 domain of the "hole chain". An additional interchain disulfide bridge
between the CH3 domains can also be used (Merchant, A.M., et al., Nature
Biotech 16 (1998) 677-681) e.g. by introducing a Y349C mutation into the
CH3 domain of the "knobs chain" and a E356C mutation or a S354C mutation
into the CH3 domain of the "hole chain". Thus in a another preferred
embodiment, said trivalent, bispecific antibody comprises Y349C, T366W
mutations in one of the two CH3 domains and E356C, T366S, L368A, Y407V
mutations in the other of the two CH3 domains or said trivalent, bispecific
antibody comprises Y349C, T366W mutations in one of the two CH3 domains and
S354C, T366S, L368A, Y407V mutations in the other of the two CH3 domains
(the additional Y349C mutation in one CH3domain and the additional E356C or
S354C mutation in the other CH3 domain forming a interchain disulfide
bridge) (numbering always according to EU index of Kabat). But also other
knobs-in-holes technologies as described by EP 1870459A1, can be used
alternatively or additionally. A preferred example for said trivalent,
bispecific antibody are R409D; K370E mutations in the CH3 domain of the
"knobs chain" and D399K; E357K mutations in the CH3 domain of the "hole
chain" (numbering always according to EU index of Kabat). In another
preferred embodiment said trivalent, bispecific antibody comprises a T366W
mutation in the CH3 domain of the "knobs chain" and T366S, L368A, Y407V
mutations in the CH3 domain of the "hole chain" and additionally R409D;
K370E mutations in the CH3 domain of the "knobs chain" and D399K; E357K
mutations in the CH3 domain of the "hole chain". In another preferred
embodiment said trivalent, bispecific antibody comprises Y349C, T366W
mutations in one of the two CH3 domains and S354C, T366S, L368A, Y407V
mutations in the other of the two CH3 domains or said trivalent, bispecific
antibody comprises Y349C, T366W mutations in one of the two CH3 domains and
S354C, T366S, L368A, Y407V mutations in the other of the two CH3 domains
and additionally R409D; K370E mutations in the CH3 domain of the "knobs
chain" and D399K; E357K mutations in the CH3 domain of the "hole chain".
Another embodiment of the current invention is a trivalent, bispecific
antibody comprising a) a full length antibody specifically binding to human
ErbB-1 and consisting of: aa) two antibody heavy chains consisting in
N-terminal to C-terminal direction of an antibody heavy chain variable
domain (VH), an antibody constant heavy chain domain 1 (CHl), an antibody
hinge region (HR), an antibody heavy chain constant domain 2 (CH2), and an
antibody heavy chain constant domain 3 (CH3); and ab) two antibody light
chains consisting in N-terminal to C-terminal direction of an antibody
light chain variable domain (VL), and an antibody light chain constant
domain (CL) (VL-CL).; and b) one single chain Fab fragment specifically
binding to human c-Met), wherein the single chain Fab fragment consist of
an antibody heavy chainvariable domain (VH) and an antibody constant domain
1 (CHl), an antibody light chain variable domain (VL), an antibody light
chain constant domain (CL) and a linker, and wherein the said antibody
domains and said linker have one of the following orders in N-terminal to
C-terminal direction: ba) VH-CHl -linker-VL-CL, orbb) VL-CL-linker-VH-CHl;
wherein said linker is a peptide of at least 30 amino acids, preferably
between 32 and 50 amino acids; and wherein said single chain Fab fragment
under b) is fused to said full length antibody under a) via a peptide
connector at the C- or N- terminus of the heavy or 



light chain (preferably at the C-terminus of the heavy chain) of said full
length antibody; wherein said peptide connector is a peptide of at least 5
amino acids, preferably between 10 and 50 amino acids. Within this
embodiment, preferably the trivalent, bispecific antibody comprises a T366W
mutation in one of the two CH3 domains of and T366S, L368A, Y407V mutations
in the other of the two CH3 domains and more preferably the trivalent,
bispecific antibody comprises Y349C, T366W mutations in one of the two CH3
domains of and S354C (or E356C), T366S, L368A, Y407V mutations in the other
of the two CH3 domains. Optionally in said embodiment the trivalent,
bispecific antibody comprises R409D; K370E mutations in the CH3 domain of
the "knobs chain" and D399K; E357K mutations in the CH3 domain of the "hole
chain". Another embodiment of the current invention is a trivalent,
bispecific antibody comprising a) a full length antibody specifically
binding to human ErbB-1 and consisting of: aa) two antibody heavy chains
consisting in N-terminal to C-terminal direction of an antibody heavy chain
variable domain (VH), an antibody constant heavy chain domain 1 (CHl), an
antibody hinge region (HR), an antibody heavy chain constant domain 2
(CH2), and an antibody heavy chain constant domain 3 (CH3); and ab) two
antibody light chains consisting in N-terminal to C-terminaldirection of an
antibody light chain variable domain (VL), and an antibody light chain
constant domain (CL) (VL-CL).; and b) one single chain Fv fragment
specifically binding to human c-Met), wherein said single chain Fv fragment
under b) is fused to said full length antibody under a) via a peptide
connector at the C- or N- terminus of the heavy or light chain (preferably
at the C-terminus of the heavy chain) of said full length antibody; and
wherein said peptide connector is a peptide of at least 5 amino acids,
preferably between 10 and 50 amino acids. Within this embodiment,
preferably the trivalent, bispecific antibody comprises a T366W mutation in
one of the two CH3 domains of and T366S, L368A, Y407V mutations in the
other of the two CH3 domains and more preferably the trivalent, bispecific
antibody comprises Y349C, T366W mutations in one of the two CH3 domains of
and S354C (or E356C), T366S, L368A, Y407V mutations in the other of the two
CH3 domains. Optionally in said embodiment the trivalent, bispecific
antibody comprises R409D; K370E mutations in the CH3 domain of the "knobs
chain" and D399K; E357K mutations in the CH3 domain of the "hole chain".
Thus a preferred embodiment is a trivalent, bispecific antibody comprising
a) a full length antibody specifically binding to human ErbB-1 and
consisting of: aa) two antibody heavy chains consisting in N-terminal to
C-terminal direction of an antibody heavy chain variable domain (VH), an
antibody constant heavy chain domain 1 (CHl), an antibody hinge region
(HR), an antibody heavy chain constant domain 2 (CH2), and an antibody
heavy chain constant domain 3 (CH3); and ab) two antibody light chains
consisting in N-terminal to C-terminal direction of an antibody light chain
variable domain (VL), and an antibody light chain constant domain (CL)
(VL-CL); and b) one single chain Fv fragment specifically binding to human
c-Met), wherein said single chain Fv fragment under b) is fused to said
full length antibody under a) via a peptide connector at the C - terminus
of the heavychain of said full length antibody (resulting in two antibody
heavy chainsingle chain Fv fusion peptides); and wherein said peptide
connector is a peptide of at least 5 amino acids, Another embodiment of the
current invention is a trivalent, bispecific antibody comprising a) a full
length antibody specifically binding to human ErbB-1 and consisting of: aa)
two antibody heavy chains consisting in N-terminal to C-terminal direction
of an antibody heavy chain variable domain (VH), an antibody constant heavy
chain domain 1 (CHl), an antibody hinge region (HR), an antibody heavy
chain constant domain 2 (CH2), and an antibody heavy chain constant domain
3 (CH3); and ab) two antibody light chains consisting in N-terminal to
C-terminal direction of an antibody light chain variable domain (VL), and
an antibody light chain constant domain (CL); and b) a polypeptide
consisting of ba) an antibody heavy chain variable domain (VH); or bb) an
antibody heavy chain variable domain (VH) and an antibody constant domain 1
(CHl), wherein said polypeptide is fused with the N-terminus of the VH
domain via a peptide connector to the C-terminus of one of the two heavy
chains of said full length antibody (resulting in an antibody heavy chain -
VH fusion peptide) wherein said peptide connector is a peptide of at least
5 amino acids, preferably between 25 and 50 amino acids; c) a polypeptide
consisting of ca) an antibody light chain variable domain (VL), or cb) an
antibody light chain variable domain (VL) and an antibody light chain
constant domain (CL); wherein said polypeptide is fused with the N-terminus
of the VL domain via a peptide connector to the C-terminus of the other of
the two heavy chains of said full length antibody (resulting in an antibody
heavy chain - VL fusion peptide); wherein said peptide connector is
identical to the peptide connector under b);and wherein the antibody heavy
chain variable domain (VH) of the polypeptide under b) and the antibody
light chain variable domain (VL) of the polypeptide under c) together form
an antigen-binding site specifically binding to human c-Met Within this
embodiment, preferably the trivalent, bispecific antibody comprises a T366W
mutation in one of the two CH3 domains of and T366S, L368A, Y407V mutations
in the other of the two CH3 domains and more preferably the trivalent,
bispecific antibody comprises Y349C, T366W mutations in one of the two CH3
domains of and S354C (or E356C), T366S, L368A, Y407V mutations in the other
of the two CH3 domains. Optionally in said embodiment the trivalent,
bispecific 



antibody comprises R409D; K370E mutations in the CH3 domain of the "knobs
chain" and D399K; E357K mutations in the CH3 domain of the "hole chain". In
another aspect of the current invention the trivalent, bispecific antibody
according to the invention comprises a) a full length antibody binding to
human ErbB- 1consisting of two antibody heavy chains VH-CH1-HR-CH2-CH3 and
two antibody light chains VLCL ; (wherein preferably one of the two CH3
domains comprises Y349C, T366W mutations and the other of the two CH3
domains comprises S354C (or E356C), T366S, L368A, Y407V mutations); b) a
polypeptide consisting of ba) an antibody heavy chain variable domain (VH);
or bb) an antibody heavy chain variable domain (VH) and an antibody
constant domain 1 (CHl), wherein said polypeptide is fused with the
N-terminus of the VH domain via a peptide connector to the C-terminus of
one of the two heavy chains of said full length antibody c) a polypeptide
consisting of ca) an antibody light chain variable domain (VL), or cb) an
antibody light chain variable domain (VL) and an antibody light chain
constant domain (CL); wherein said polypeptide is fused with the N-terminus
of the VL domainvia a peptide connector to the C-terminus of the other of
the two heavy chains of said full length antibody; and wherein the antibody
heavy chain variable domain (VH) of the polypeptide under b) and the
antibody light chain variable domain (VL) of the polypeptide under c)
together form an antigen-binding site specifically binding to human c-Met.
Tetravalent bispecific formats In one embodiment the multispecific antibody
according to the invention is tetravalent, wherein the antigen-binding
site(s) that specifically bind to human c-Met, inhibit the c-Met
dimerisation (as described e.g. in WO 2009/007427). In one embodiment of
the invention said antibody is a tetravalent, bispecific antibody
specifically binding to human ErbB-1 and to human c-Met comprising two
antigen-binding sites that specifically bind to human ErbB-1 and two
antigenbinding sites that specifically bind to human c-Met, wherein said
antigen-binding sites that specifically bind to human c-Met inhibit the
c-Met dimerisation (as described e.g. in WO 2009/007427). Another aspect of
the current invention therefore is a tetravalent, bispecific antibody
comprising a) a full length antibody specifically binding to human c-Met
and consisting of two antibody heavy chains and two antibody light chains;
and b) two identical single chain Fab fragments specifically binding to
ErbB-1 , wherein said single chain Fab fragments under b) are fused to said
full length antibody under a) via a peptide connector at the C- or N-
terminus of the heavy or light chain of said full length antibody. Another
aspect of the current invention therefore is a tetravalent, bispecific
antibody comprising a) a full length antibody specifically binding to human
ErbB-1 and consisting of two antibody heavy chains and two antibody light
chains; and b) two identical single chain Fab fragments specifically
binding to human c-Met,wherein said single chain Fab fragments under b) are
fused to said full length antibody under a) via a peptide connector at the
C- or N- terminus of the heavy or light chain of said full length antibody.
For an exemplary schematic structure see Fig 6a. Another aspect of the
current invention therefore is a tetravalent, bispecific antibody
comprising a) a full length antibody specifically binding to ErbB-1, and
consisting of two antibody heavy chains and two antibody light chains; and
b) two identical single chain Fv fragments specifically binding to human
c-Met, wherein said single chain Fv fragments under b) are fused to said
full length antibody under a) via a peptide connector at the C- or N-
terminus of the heavy or light chain of said full length antibody. Another
aspect of the current invention therefore is a tetravalent, bispecific
antibody comprising a) a full length antibody specifically binding to human
c-Met and consisting of two antibody heavy chains and two antibody light
chains; and b) two identical single chain Fv fragments specifically binding
to ErbB-1, wherein said single chain Fv fragments under b) are fused to
said full length antibody under a) via a peptide connector at the C- or N-
terminus of the heavy or light chain of said full length antibody. For an
exemplary schematic structure see Fig 6b. In one preferred embodiment said
single chain Fab or Fv fragments binding human c-Met or human ErbB-1 are
fused to said full length antibody via a peptide connector at the
C-terminus of the heavy chains of said full length antibody. Another
embodiment of the current invention is a tetravalent, bispecific antibody
comprising a) a full length antibody specifically binding to human ErbB-1
and consisting of: aa) two identical antibody heavy chains consisting in
N-terminal to Cterminal direction of an antibody heavy chain variable
domain (VH), an antibody constant heavy chain domain 1 (CHl), an antibody
hinge region (HR), an antibody heavy chain constant domain 2 (CH2), and an
antibody heavy chain constant domain 3 (CH3); and ab) two identical
antibody light chains consisting in N-terminal to Cterminal direction of an
antibody light chain variable domain (VL), and an antibody light chain
constant domain (CL) (VL-CL).; and b) two single chain Fab fragments
specifically binding to human c-Met, wherein the single chain Fab fragments
consist of an antibody heavy chain variable domain (VH) and an antibody
constant domain 1 (CHl), an antibody light chain variable domain (VL), an
antibody light chain constant domain (CL) and a linker, and wherein the
said antibody domains and said linker have one of the following orders in
N-terminal to C-terminal direction: ba) VH-CH1-linker-VL-CL, or bb)
VL-CL-linker-VH-CH1; 



wherein said linker is a peptide of at least 30 amino acids, preferably
between 32 and 50 amino acids; and wherein said single chain Fab fragments
under b) are fused to said full length antibody under a) via a peptide
connector at the C- or N- terminus of the heavy or light chain of said full
length antibody; wherein said peptide connector is a peptide of at least 5
amino acids, preferably between 10 and 50 amino acids. The term "full
length antibody" as used either in the trivalent or tetravalent format
denotes an antibody consisting of two "full length antibody heavy chains"
and two "full length antibody light chains" (see Fig. 1). A "full length
antibody heavy chain" is a polypeptide consisting in N-terminal to
C-terminal direction of an antibody heavy chain variable domain (VH), an
antibody constant heavy chain domain 1 (CHl), an antibody hinge region
(HR), an antibody heavy chain constant domain 2 (CH2), and an antibody
heavy chain constant domain 3 (CH3), abbreviated as VH-CH 1-HR-CH2-CH3; and
optionally an antibody heavy chain constant domain 4 (CH4) in case of an
antibody of the subclass IgE. Preferably the "full length antibody heavy
chain" is a polypeptide consisting in N-terminal to C-terminal direction of
VH, CHl, HR, CH2 and CH3. A "full length antibody lightchain" is a
polypeptide consisting in N-terminal to C-terminal direction of an antibody
light chain variable domain (VL), and an antibody light chain constant
domain (CL), abbreviated as VL-CL. The antibody light chain constant domain
(CL) can be K(kappa) or l (lambda). The two full length antibody chains are
linked together via inter-polypeptide disulfide bonds between the CL domain
and the CHl domain and between the hinge regions of the full length
antibody heavy chains. Examples of typical full length antibodies are
natural antibodies like IgG (e.g. IgG 1 and IgG2), IgM, IgA, IgD, and IgE.
The full length antibodies according to the invention can be from a single
species e.g. human, or they can be chimerized or humanized antibodies. The
full length antibodies according to the invention comprise two antigen
binding sites each formed by a pair of VH and VL, which both specifically
bind to the same antigen. The C-terminus of the heavy or light chain of
said full length antibody denotes the last amino acid at the C-terminus of
said heavy or light chain. The N-terminus of the heavy or light chain of
said full length antibody denotes the last amino acid at the N- terminus of
said heavy or light chain. The term "peptide connector" as used within the
invention denotes a peptide with amino acid sequences, which is preferably
of synthetic origin. These peptide connectors according to invention are
used to fuse the single chain Fab fragments to the C-or N-terminus of the
full length antibody to form a multispecific antibody according to the
invention. Preferably said peptide connectors under b) are peptides with an
amino acid sequence with a length of at least 5 amino acids, preferably
with a length of 5 to 100, more preferably of 10 to 50 amino acids In one
embodiment said peptide connector is (GxS)n or (GxS)nGm with G = glycine, S
= serine, and (x = 3, n= 3, 4, 5 or 6, and m= 0, 1, 2 or 3) or (x = 4,n= 2,
3, 4 or 5 and m= 0, 1, 2 or 3), preferably x = 4 and n= 2 or 3, more
preferably with x 4, n= 2. Preferably in the trivalent, bispecific
antibodies wherein a VH or a VH-CHl polypeptide and a VL or a VL-C L
polypeptide (Fig. 7a -c) are fused via two identical peptide connectors to
the C-terminus of a full length antibody, said peptide connectors are
peptides of at least 25 amino acids, preferably peptides between 30 and 50
amino acids and more preferably said peptide connector is (GxS)n or
(GxS)nGm with G = glycine, S = serine, and (x = 3, n= 6, 7 or 8, and m= 0,
1, 2 or 3) or (x = 4,n= 5, 6, or 7 and m 0, 1, 2 or 3), preferably x = 4
and n= 5, 6, 7.A "single chain Fab fragment" (see Fig2a ) is a polypeptide
consisting of an antibody heavy chain variable domain (VH), an antibody
constant domain 1 (CHl), an antibody light chain variable domain (VL), an
antibody light chain constant domain (CL) and a linker, wherein said
antibody domains and said linker have one of the following orders in
N-terminal to C-terminal direction: a) VH-CH1-linker- VL-CL, b)
VL-CL-linker-VH-CHl, c) VH-CL-linker-VL-CHl or d) VL-CHllinker- VH-CL; and
wherein said linker is a polypeptide of at least 30 amino acids, preferably
between 32 and 50 amino acids. Said single chain Fab fragments a) VHCHl
-linker-VL-CL, b) VL-CL-linker-VH-CHl, c) VH-CL-linker-VL-CHl and d) VL-CHl
-linker-VH-CL, are stabilized via the natural disulfide bond between the CL
domain and the CHl domain. The term "N-terminus denotes the last amino acid
of the N-terminus, The term "C-terminus denotes the last amino acid of the
Cterminus. The term "linker" is used within the invention in connection
with single chain Fab fragments and denotes a peptide with amino acid
sequences, which is preferably of synthetic origin. These peptides
according to invention are used to link a) VH-CHl to VL-CL, b) VL-CL to
VH-CHl, c) VH-CL to VL-CHl or d) VL-CHl to VH-CL to form the following
single chain Fab fragments according to the invention a) VHCHl
-linker-VL-CL, b) VL-CL-linker-VH-CHl, c) VH-CL-linker-VL-CHl or d) VL-CHl
-linker-VH-CL. Said linker within the single chain Fab fragments is a
peptide with an amino acid sequence with a length of at least 30 amino
acids, preferably with a length of 32 to 50 amino acids. In one embodiment
said linker is (GxS)n with G = glycine, S = serine, (x =3, n- 8, 9 or 10
and m= 0, 1, 2 or 3) or (x = 4 and n= 6, 7 or 8 and m= 0, 1, 2 or 3),
preferably with x = 4, n 6 or 7 and m= 0, 1, 2 or 3, more preferably with x
= 4, n= 7 and m= 2. In one embodiment said linker is (G4S)6G2. In a
preferred embodiment said antibody domains and said linker in said single
chain Fab fragment have one of the following orders in N-terminal to
C-terminal direction: a) VH-CHl -linker-VL-CL, or b) VL-CL-linker-VH-CHl ,
more preferably VL-CLlinker- VH-CHl. In another preferred embodiment said
antibody domains and said linker in said single chain Fab fragment have one
of the following orders in N-terminal to Cterminal direction: a)
VH-CL-linker-VL-CH 1 or b) VL-CH1-linker-VH-CL.Optionally in said single
chain Fab fragment, additionally to the natural disulfide bond between the
CL-domain and the CHl domain, also the antibody heavy chain variable domain
(VH) and the antibody light chain variable domain (VL) are disulfide
stabilized by introduction of a disulfide bond between the following
positions: i) heavy chain variable domain position 44 to light chain
variable domain position 100, ii) heavy chain variable domain position 105
to light chain variable domain 



position 43, or iii) heavy chain variable domain position 101 to light
chain variable domain position 100 (numbering always according to EU index
of Kabat). Such further disulfide stabilization of single chain Fab
fragments is achieved by the introduction of a disulfide bond between the
variable domains VH and VL of the single chain Fab fragments. Techniques to
introduce unnatural disulfide bridges for stabilization for a single chain
Fv are described e.g. in WO 94/029350, Rajagopal, V., et al., Prot. Engin.
10 (1997) 1453-59; Kobayashi, H., et al., Nuclear Medicine & Biology 25
(1998) 387-393; or Schmidt, M., et al., Oncogene 18 (1999) 171 1- 1721 . In
one embodiment the optional disulfide bond between the variable domains of
the single chain Fab fragments comprised in the antibody according to the
invention is between heavy chain variable domain position 44 and light
chain variable domain position 100. In one embodiment the optional
disulfide bond between the variable domains of the single chain Fab
fragments comprised in the antibody according to the invention is between
heavy chain variable domain position 105 and light chain variable domain
position 43 (numbering always according to EU index of Kabat). In an
embodiment single chain Fab fragment without said optional disulfide
stabilization between the variable domains VH and VL of the single chain
Fab fragments are preferred. A "single chain Fv fragment" (see Fig2b ) is a
polypeptide consisting of an antibody heavy chain variable domain (VH), an
antibody light chain variable domain (VL), and a single-chain-Fv-linker,
wherein said antibody domains and said single-chain-Fv-linker have one of
the following orders in N-terminal to C-terminal direction: a)
VH-single-chain-Fv-linker-VL, b) VL-single-chain-Fvlinker- VH; preferably
a) VH-single-chain-Fv-linker-VL, and wherein said singlechain- Fv-linker is
a polypeptide of with an amino acid sequence with a length of atleast 15
amino acids, in one embodiment with a length of at least 20 amino acids.
The term "N-terminus denotes the last amino acid of the N-terminus, The
term "C-terminus denotes the last amino acid of the C-terminus. The term
"single-chain-Fv-linker" as used within single chain Fv fragment denotes a
peptide with amino acid sequences, which is preferably of synthetic origin.
Said single-chain-Fv-linker is a peptide with an amino acid sequence with a
length of at least 15 amino acids, in one embodiment with a length of at
least 20 amino acids and preferably with a length between 15 and 30 amino
acids. In one embodiment said single-chain-linker is (GxS)n with G =
glycine, S = serine, (x = 3 and n= 4, 5 or 6) or (x = 4 and n= 3, 4, 5 or
6), preferably with x = 4, n= 3, 4 or 5, more preferably with x = 4, n= 3
or 4. In one embodiment said ingle-chain-Fv-linker is (G4S)3 or (G4S)4.
Furthermore said single chain Fv fragments are preferably disulfide
stabilized. Such further disulfide stabilization of single chain antibodies
is achieved by the introduction of a disulfide bond between the variable
domains of the single chain antibodies and is described e.g. in WO
94/029350, Rajagopal, V., et al., Prot. Engin. 10 (1997) 1453-59;
Kobayashi, H., et al., Nuclear Medicine & Biology 25 (1998) 387-393; or
Schmidt, M., et al., Oncogene 18 (1999) 171 1 -1721. In one embodiment of
the disulfide stabilized single chain Fv fragments, the disulfide bond
between the variable domains of the single chain Fv fragments comprised in
the antibody according to the invention is independently for each single
chain Fv fragment selected from: i) heavy chain variable domain position 44
to light chain variable domain position 100, ii) heavy chain variable
domain position 105 to light chain variable domain position 43, or iii)
heavy chain variable domain position 101 to light chain variable domain
position 100. In one embodiment the disulfide bond between the variable
domains of the single chain Fv fragments comprised in the antibody
according to the invention is between heavy chain variable domain position
44 and light chain variable domain position 100.In one embodiment the
bispecific Herl/c-Met antibody according to the invention inhibits A431
(ATCC No. CRL-1 555) cancer cell proliferation in the absence of HGF, by at
least 30% (measured after 48 hours, see Example 7a). In one embodiment the
bispecific Herl/c-Met antibody according to the invention inhibits A431
(ATCC No. CRL-1555) cancer cell proliferation in the presence of HGF, by at
least 30% (measured after 48 hours, see Example 7b). The antibody according
to the invention is produced by recombinant means. Thus, one aspect of the
current invention is a nucleic acid encoding the antibody according to the
invention and a further aspect is a cell comprising said nucleic acid
encoding an antibody according to the invention. Methods for recombinant
production are widely known in the state of the art and comprise protein
expression in prokaryotic and eukaryotic cells with subsequent isolation of
the antibody and usually purification to a pharmaceutically acceptable
purity. For the expression of the antibodies as aforementioned in a host
cell, nucleic acids encoding the respective modified light and heavy chains
are inserted into expression vectors by standard methods. Expression is
performed in appropriate prokaryotic or eukaryotic host cells like CHO
cells, NSO cells, SP2/0 cells, HEK293 cells, COS cells, PER.C6 cells,
yeast, or E.coli cells, and the antibody is recovered from the cells
(supernatant or cells after lysis). General methods for recombinant
production of antibodies are well-known in the state of the art and
described, for example, in the review articles of Makrides, S.C., Protein
Expr. Purif. 17 (1999) 183-202; Geisse, S., et al., Protein Expr. Purif. 8
(1996) 271-282; Kaufman, R., J., MoI. Biotechnol. 16 (2000) 151-160;
Werner, R., G., Drug Res. 48 (1998) 870-880. The bispecific antibodies are
suitably separated from the culture medium by conventional immunoglobulin
purification procedures such as, for example, protein A-Sepharose,
hydroxylapatite chromatography, gel electrophoresis, dialysis, or affinity
chromatography. DNA and RNA encoding the monoclonal antibodies is readily
isolated and sequenced using conventional procedures. The hybridoma cells
can serve as a source of such DNA and RNA. Once isolated, the DNA may be
inserted into expression vectors, which are then transfected into host
cells such as HEK 293 cells, CHO cells, or myeloma cells that do not
otherwise produce immunoglobulin protein, to obtain the synthesis of
recombinant monoclonal antibodies in the host cells.Amino acid sequence
variants (or mutants) of the bispecific antibody are prepared by
introducing appropriate nucleotide changes into the antibody DNA, or by 



nucleotide synthesis. Such modifications can be performed, however, only in
a very limited range, e.g. as described above. For example, the
modifications do not alter the above mentioned antibody characteristics
such as the IgG isotype and antigen binding, but may improve the yield of
the recombinant production, protein stability or facilitate the
purification. The term "host cell" as used in the current application
denotes any kind of cellular system which can be engineered to generate the
antibodies according to the current invention. In one embodiment HEK293
cells and CHO cells are used as host cells. As used herein, the expressions
"cell," "cell line," and "cell culture" are used interchangeably and all
such designations include progeny. Thus, the words "transformants" and
"transformed cells" include the primary subject cell and cultures derived
therefrom without regard for the number of transfers. It is also understood
that all progeny may not be precisely identical in DNA content, due to
deliberate or inadvertent mutations. Variant progeny that have the same
function or biological activity as screened for in the originally
transformed cell are included. Expression in NSO cells is described by,
e.g., Barnes, L.M., et al., Cytotechnology 32 (2000) 109-123; Barnes, L.M.,
et al., Biotech. Bioeng. 73 (2001) 261-270. Transient expression is
described by, e.g., Durocher, Y., et al., Nucl. Acids. Res. 30 (2002) E9.
Cloning of variable domains is described by Orlandi, R., et al., Proc.
Natl. Acad. Sci. USA 86 (1989) 3833-3837; Carter, P., et al., Proc. Natl.
Acad. Sci. USA 89 (1992) 4285-4289; and Norderhaug, L., et al., J. Immunol.
Methods 204 (1997) 77-87. A preferred transient expression system (HEK 293)
is described by Schlaeger, E.-J., and Christensen, K., in Cytotechnology 30
(1999) 71-83 and by Schlaeger, E.-J., in J . Immunol. Methods 194 (1996)
191-199. The control sequences that are suitable for prokaryotes, for
example, include a promoter, optionally an operator sequence, and a
ribosome binding site. Eukaryotic cells are known to utilize promoters,
enhancers and polyadenylation signals. A nucleic acid is "operably linked"
when it is placed in a functional relationship with another nucleic acid
sequence. For example, DNA for a pre-sequence or secretory leader is
operably linked to DNA for a polypeptide if it is expressed as a
pre-protein that participates in the secretion of the polypeptide; a
promoter or enhancer is operably linked to a coding sequence if it affects
the transcription of thesequence; or a ribosome binding site is operably
linked to a coding sequence if it is positioned so as to facilitate
translation. Generally, "operably linked" means that the DNA sequences
being linked are contiguous, and, in the case of a secretory leader,
contiguous and in reading frame. However, enhancers do not have to be
contiguous. Linking is accomplished by ligation at convenient restriction
sites. If such sites do not exist, the synthetic oligonucleotide adaptors
or linkers are used in accordance with conventional practice. Purification
of antibodies is performed in order to eliminate cellular components or
other contaminants, e.g. other cellular nucleic acids or proteins, by
standard techniques, including alkaline/SDS treatment, CsCl banding, column
chromatography, agarose gel electrophoresis, and others well known in the
art. See Ausubel, F., et al., ed. Current Protocols in Molecular Biology,
Greene Publishing and Wiley Interscience, New York (1987). Different
methods are well established and widespread used for protein purification,
such as affinity chromatography with microbial proteins (e.g. protein A or
protein G affinity chromatography), ion exchange chromatography (e.g.
cation exchange (carboxymethyl resins), anion exchange (amino ethyl resins)
and mixed-mode exchange), thiophilic adsorption (e.g. with
beta-mercaptoethanol and other SH ligands), hydrophobic interaction or
aromatic adsorption chromatography (e.g. with phenyl-sepharose,
aza-arenophilic resins, or m-aminophenylboronic acid), metal chelate
affinity chromatography (e.g. with Ni(II)- and Cu(II)-affinity material),
size exclusion chromatography, and electrophoretical methods (such as gel
electrophoresis, capillary electrophoresis) (Vijayalakshmi, M., A., Appl.
Biochem. Biotech. 75 (1998) 93-102). As used herein, the expressions
"cell," "cell line," and "cell culture" are used interchangeably and all
such designations include progeny. Thus, the words "transformants" and
"transformed cells" include the primary subject cell and cultures derived
therefrom without regard for the number of transfers. It is also understood
that all progeny may not be precisely identical in DNA content, due to
deliberate or inadvertent mutations. Variant progeny that have the same
function or biological activity as screened for in the originally
transformed cell are included. Where distinct designations are intended, it
will be clear from the context. The term "transformation" as used herein
refers to process of transfer of a vectors/nucleic acid into a host cell.
If cells without formidable cell wall barriers are used as host cells,
transfection is carried out e.g. by the calcium phosphate precipitation
method as described by Graham, F.L., and van der Eb, AJ. , Virology52
(1973) 456-467. However, other methods for introducing DNA into cells such
as by nuclear injection or by protoplast fusion may also be used. If
prokaryotic cells or cells which contain substantial cell wall
constructions are used, e.g. one method of transfection is calcium
treatment using calcium chloride as described by Cohen, S., N., et al.,
PNAS. 69 (1972) 2 110-21 14. As used herein, "expression" refers to the
process by which a nucleic acid is transcribed into mRNA and/or to the
process by which the transcribed mRNA (also referred to as transcript) is
subsequently being translated into peptides, polypeptides, or proteins. The
transcripts and the encoded polypeptides are collectively referred to as
gene product. If the polynucleotide is derived from genomic DNA, expression
in a eukaryotic cell may include splicing of the mRNA. A "vector" is a
nucleic acid molecule, in particular self-replicating, which transfers an
inserted nucleic acid molecule into and/or between host cells. The term
includes vectors that function primarily for insertion of DNA or RNA into a
cell (e.g., chromosomal integration), replication of vectors that function
primarily for the replication of DNA or RNA, and expression vectors that
function for transcription and/or translation of the DNA or RNA. Also
included are vectors that provide more than one of the functions as
described. An "expression vector" is a polynucleotide which, when
introduced into an appropriate host cell, can be transcribed and translated
into a polypeptide. An "expression system" usually refers to a suitable
host cell comprised of an expression vector that can function to yield a
desired expression product. Pharmaceutical composition One aspect of the
invention is a pharmaceutical composition comprising an antibody according
to the invention. Another aspect of the invention is the use of an antibody
according to the invention for the manufacture of a pharmaceutical 



composition. A further aspect of the invention is a method for the
manufacture of a pharmaceutical composition comprising an antibody
according to the invention. In another aspect, the present invention
provides a composition, e.g. a pharmaceutical composition, containing an
antibody according to the present invention, formulated together with a
pharmaceutical carrier. One embodiment of the invention is the bispecific
antibody according to the invention for the treatment of cancer.Another
aspect of the invention is said pharmaceutical composition for the
treatment of cancer. Another aspect of the invention is the use of an
antibody according to the invention for the manufacture of a medicament for
the treatment of cancer. Another aspect of the invention is method of
treatment of patient suffering from cancer by administering an antibody
according to the invention to a patient in the need of such treatment. As
used herein, "pharmaceutical carrier" includes any and all solvents,
dispersion media, coatings, antibacterial and antifungal agents, isotonic
and absorption delaying agents, and the like that are physiologically
compatible. Preferably, the carrier is suitable for intravenous,
intramuscular, subcutaneous, parenteral, spinal or epidermal administration
(e.g. by injection or infusion). A composition of the present invention can
be administered by a variety of methods known in the art. As will be
appreciated by the skilled artisan, the route and/or mode of administration
will vary depending upon the desired results. To administer a compound of
the invention by certain routes of administration, it may be necessary to
coat the compound with, or co-administer the compound with, a material to
prevent its inactivation. For example, the compound may be administered to
a subject in an appropriate carrier, for example, liposomes, or a diluent.
Pharmaceutically acceptable diluents include saline and aqueous buffer
solutions. Pharmaceutical carriers include sterile aqueous solutions or
dispersions and sterile powders for the extemporaneous preparation of
sterile injectable solutions or dispersion. The use of such media and
agents for pharmaceutically active substances is known in the art. The
phrases "parenteral administration" and "administered parenterally" as used
herein means modes of administration other than enteral and topical
administration, usually by injection, and includes, without limitation,
intravenous, intramuscular, intra-arterial, intrathecal, intracapsular,
intraorbital, intracardiac, intradermal, intraperitoneal, transtracheal,
subcutaneous, subcuticular, intra-articular, subcapsular, subarachnoid,
intraspinal, epidural and intrasternal injection and infusion. The term
cancer as used herein refers to proliferative diseases, such as lymphomas,
lymphocytic leukemias, lung cancer, non small cell lung (NSCL)
cancer,bronchioloalviolar cell lung cancer, bone cancer, pancreatic cancer,
skin cancer, cancer of the head or neck, cutaneous or intraocular melanoma,
uterine cancer, ovarian cancer, rectal cancer, cancer of the anal region,
stomach cancer, gastric cancer, colon cancer, breast cancer, uterine
cancer, carcinoma of the fallopian tubes, carcinoma of the endometrium,
carcinoma of the cervix, carcinoma of the vagina, carcinoma of the vulva,
Hodgkin's Disease, cancer of the esophagus, cancer of the small intestine,
cancer of the endocrine system, cancer of the thyroid gland, cancer of the
parathyroid gland, cancer of the adrenal gland, sarcoma of soft tissue,
cancer of the urethra, cancer of the penis, prostate cancer, cancer of the
bladder, cancer of the kidney or ureter, renal cell carcinoma, carcinoma of
the renal pelvis, mesothelioma, hepatocellular cancer, biliary cancer,
neoplasms of the central nervous system (CNS), spinal axis tumors, brain
stem glioma, glioblastoma multiforme, astrocytomas, schwanomas,
ependymonas, medulloblastomas, meningiomas, squamous cell carcinomas,
pituitary adenoma and Ewings sarcoma, including refractory versions of any
of the above cancers, or a combination of one or more of the above cancers.
Another aspect of the invention is the bispecific antibody according to the
invention or said pharmaceutical composition as anti-angiogenic agent. Such
antiangiogenic agent can be used for the treatment of cancer, especially
solid tumors, and other vascular diseases. One embodiment of the invention
is the bispecific, antibody according to the invention for the treatment of
vascular diseases. Another aspect of the invention is the use of an
antibody according to the invention for the manufacture of a medicament for
the treatment of vascular diseases. Another aspect of the invention is
method of treatment of patient suffering from vascular diseases by
administering an antibody according to the invention to a patient in the
need of such treatment. The term "vascular diseases" includes Cancer,
Inflammatory diseases, Atherosclerosis, Ischemia, Trauma, Sepsis, COPD,
Asthma, Diabetes, AMD, Retinopathy, Stroke, Adipositas, Acute lung injury,
Hemorrhage, Vascular leak e.g. Cytokine induced, Allergy, Graves' Disease ,
Hashimoto's Autoimmune Thyroiditis, Idiopathic Thrombocytopenic Purpura,
Giant Cell Arteritis, Rheumatoid Arthritis, Systemic Lupus Erythematosus
(SLE), Lupus Nephritis,Crohn's Disease, Multiple Sclerosis, Ulcerative
Colitis, especially to solid tumors, intraocular neovascular syndromes such
as proliferative retinopathies or age-related macular degeneration (AMD),
rheumatoid arthritis, and psoriasis (Folkman, J., et al., J. Biol. Chem.
267 (1992) 10931- 10934; Klagsbrun, M., et al., Annu. Rev. Physiol. 53
(1991) 217-239; and Garner, A., Vascular diseases, In: Pathobiology of
ocular disease, A dynamic approach, Garner, A., and Klintworth, G. K.,
(eds.), 2nd edition, Marcel Dekker, New York (1994) 1625-1710). These
compositions may also contain adjuvants such as preservatives, wetting
agents, emulsifying agents and dispersing agents. Prevention of presence of
microorganisms may be ensured both by sterilization procedures, supra, and
by the inclusion of various antibacterial and antifungal agents, for
example, paraben, chlorobutanol, phenol, sorbic acid, and the like. It may
also be desirable to include isotonic agents, such as sugars, sodium
chloride, and the like into the compositions. In addition, prolonged
absorption of the injectable pharmaceutical form may be brought about by
the inclusion of agents which delay absorption such as aluminum
monostearate and gelatin. Regardless of the route of administration
selected, the compounds of the present invention, which may be used in a
suitable hydrated form, and/or the pharmaceutical compositions of the
present invention, are formulated into pharmaceutically acceptable dosage
forms by conventional methods known to those of skill in the art. 



Actual dosage levels of the active ingredients in the pharmaceutical
compositions of the present invention may be varied so as to obtain an
amount of the active ingredient which is effective to achieve the desired
therapeutic response for a particular patient, composition, and mode of
administration, without being toxic to the patient. The selected dosage
level will depend upon a variety of pharmacokinetic factors including the
activity of the particular compositions of the present invention employed,
the route of administration, the time of administration, the rate of
excretion of the particular compound being employed, the duration of the
treatment, other drugs, compounds and/or materials used in combination with
the particular compositions employed, the age, sex, weight, condition,
general health and prior medical history of the patient being treated, and
like factors well known in the medical arts.The composition must be sterile
and fluid to the extent that the composition is deliverable by syringe. In
addition to water, the carrier preferably is an isotonic buffered saline
solution. Proper fluidity can be maintained, for example, by use of coating
such as lecithin, by maintenance of required particle size in the case of
dispersion and by use of surfactants. In many cases, it is preferable to
include isotonic agents, for example, sugars, polyalcohols such as mannitol
or sorbitol, and sodium chloride in the composition. It has now been found
that the bispecific antibodies against human ErbB-1 and human c-Met
according to the current invention have valuable characteristics such as
biological or pharmacological activity. The following examples, sequence
listing and figures are provided to aid the understanding of the present
invention, the true scope of which is set forth in the appended claims. It
is understood that modifications can be made in the procedures set forth
without departing from the spirit of the invention. Description of the
Amino acid Sequences SEQ ID NO: 1 heavy chain variable domain <ErbB-l>
cetuximab SEQ ID NO: 2 light chain variable domain <ErbB-l> cetuximab SEQ
ID NO: 3 heavy chain variable domain <ErbB-l> humanized ICR62 SEQ ID NO: 4
light chain variable domain <ErbB-l> humanized ICR62 SEQ ID NO: 5 heavy
chain variable domain <c-Met> Mab 5D5 SEQ ID NO: 6 light chain variable
domain <c-Met> Mab 5D5 SEQ ID NO: 7 heavy chain <c-Met> Mab 5D5 SEQ ID NO:
8 light chain <c-Met> Mab 5D5 SEQ ID NO: 9 heavy chain <c-Met> Fab 5D5 SEQ
ID NO: 10 light chain <c-Met> Fab 5D5 SEQ ID NO: 11 heavy chain constant
region of human IgGl SEQ ID NO: 12 heavy chain constant region of human
IgG3 SEQ ID NO: 13 human light chain kappa constant region SEQ ID NO: 14
human light chain lambda constant region SEQ ID NO: 15 human c-Met SEQ ID
NO: 16 human ErbB-1 SEQ ID NO: 17 heavy chain CDR3H, <ErbB-l> cetuximabSEQ
ID NO: 18 heavy chain CDR2H, <ErbB-l> cetuximab SEQ ID NO: 19 heavy chain
CDRlH, <ErbB-l> cetuximab SEQ ID NO: 20 light chain CDR3L, <ErbB-l>
cetuximab SEQ ID NO: 21 light chain CDR2L, <ErbB-l> cetuximab SEQ ID NO: 22
light chain CDRlL, <ErbB-l> cetuximab SEQ ID NO: 23 heavy chain CDR3H,
<ErbB-l> humanized ICR62 SEQ ID NO: 24 heavy chain CDR2H, <ErbB-l>
humanized ICR62 SEQ ID NO: 25 heavy chain CDRlH, <ErbB-l> humanized ICR62
SEQ ID NO: 26 light chain CDR3L, <ErbB-l> humanized ICR62 SEQ ID NO: 27
light chain CDR2L, <ErbB-l> humanized ICR62 SEQ ID NO: 28 light chain
CDRlL, <ErbB-l> humanized ICR62 SEQ ID NO: 29 heavy chain CDR3H, <c-Met>
Mab 5D5 SEQ ID NO: 30 heavy chain CDR2H, <c-Met> Mab 5D5 SEQ ID NO: 31
heavy chain CDRlH, <c-Met> Mab 5D5 SEQ ID NO: 32 light chain CDR3L, <c-Met>
Mab 5D5 SEQ ID NO: 33 light chain CDR2L, <c-Met> Mab 5D5 SEQ ID NO: 34
light chain CDRlL, <c-Met> Mab 5D5 Description of the Figures Figure 1
Schematic structure of a full length antibody without CH4 domain
specifically binding to a first antigen 1 with two pairs of heavy and light
chain which comprise variable and constant domains in a typical order.
Figure 2a-c Schematic structure of a bivalent, bispecific <ErbB- 1/ c-Met>
antibody, comprising: a) the light chain and heavy chain of a full length
antibody specifically binding to human ErbB-1 ; and b) the light chain and
heavy chain of a full length antibody specifically binding to human c-Met,
wherein the constant domains CL and CHl, and/or the variable domains VL and
VH are replaced by each other, which are modified with knobs-into hole
technology Figure 3 Schematic representation of a trivalent, bispecific
<ErbB-l/c-Met> antibody according to the invention, comprising a full
length antibody specifically bindingto ErbB-1 to which a) Fig 3a: two
polypeptides VH and VL are fused (the VH and VL domains of both together
forming a antigen binding site specifically binding to c-Met; b) Fig 3b:
two polypeptides VH-CHl and VL-CL are fused (the VH and VL domains of both
together forming a antigen binding site specifically binding to c-Met) Fig
3c:Schematic representation of a trivalent, bispecific antibody according
to the invention, comprising a full length antibody specifically binding to
ErbB-1 to which two polypeptides VH and VL are fused (the VH and VL domains
of both together forming a antigen binding site specifically binding to 



c-Met) with "knobs and holes". Fig 3d:Schematic representation of a
trivalent, bispecific antibody according to the invention, comprising a
full length antibody specifically binding to ErbB-1 to which two
polypeptides VH and VL are fused (the VH and VL domains of both together
forming a antigen binding site specifically binding to c-Met, wherein these
VH and VL domains comprise an interchain disulfide bridge between positions
VH44 and VLlOO) with "knobs and holes" Figure 4 4a: Schematic structure of
the four possible single chain Fab fragments 4b: Schematic structure of the
two single chain Fv fragments Figure 5 Schematic structure of a trivalent,
bispecific <ErbB-l/ c-Met> antibody comprising a full length antibody and
one single chain Fab fragment (Fig 5a) or one single chain Fv fragment (Fig
5b) - bispecific trivalent example with knobs and holes Figure 6 Schematic
structure of a tetravalent, bispecific <ErbB-l/c-Met> antibody comprising a
full length antibody and two single chain Fab fragments (Fig 6a) or two
single chain Fv fragments (Fig 6b) -the c-Metbinding sites are derived from
c-Met dimerisation inhibiting antibodies Figure 7a Flow cytrometric
analysis of cell surface expression of ErbB 1/2/3 and c-Met in the
epidermoid cancer cell line A431. Figure 7b Flow cytrometric analysis of
cell surface expression of ErbB 1/2/3 and c-Met in the ovarian cancer cell
line OVCAR-8. Figure 8a Proliferation assay in the cancer cell line A43 1-
Inhibition of Cancer cell proliferation of the bispecific <HERl/c-Met>
antibody BsABOl (BsAb) according to the invention compared with the
monospecific parent <HER1> and <c-Met> antibodies. Figure 8b Proliferation
assay in the cancer cell line A43 1 in the presence of HGF- Inhibition of
Cancer cell proliferation of the bispecific <HERl/c-Met> antibody BsABOl
(BsAb) according to the invention compared with the monospecific parent
<HER1> and <c-Met> antibodies. Figure 9 Internalization assay in OVCAR-8
cancer cells measured at 0 , 30, 60 and 120 minutes (= 0, 0.5, 1, and 2
hours). Figure 10a Proliferation assay in OVCAR-8 cancer cells. Inhibition
of Cancer cell proliferation of the bispecific <HERl/c-Met> antibody BsABOl
(BsAb) according to the invention compared with the monospecific parent
<HER1> and <c-Met> antibodies. Figure 10b Proliferation assay in the cancer
cell line A43 1 in the presence of HGF- Inhibition of Cancer cell
proliferation of the bispecific <HERl/c-Met> antibody BsABOl (BsAb)
according to the invention compared with the monospecific parent <HER1> and
<c-Met> antibodies.Experimental Procedure Examples Materials & Methods
Recombinant DNA techniques Standard methods were used to manipulate DNA as
described in Sambrook, J . et al., Molecular cloning: A laboratory manual;
Cold Spring Harbor Laboratory Press, Cold Spring Harbor, New York, 1989.
The molecular biological reagents were used according to the manufacturer's
instructions. DNA and protein sequence analysis and sequence data
management General information regarding the nucleotide sequences of human
immunoglobulins light and heavy chains is given in: Kabat, E., A., et al.,
(1991) Sequences of Proteins of Immunological Interest, Fifth Ed., NIH
Publication No 91-3242. Amino acids of antibody chains are numbered
according to EU numbering (Edelman, G.M., et al., PNAS 63 (1969) 78-85;
Kabat, E.A., et al., (1991) Sequences of Proteins of Immunological
Interest, Fifth Ed., NIH Publication No 91-3242). The GCG's (Genetics
Computer Group, Madison, Wisconsin) software package version 10.2 and
Infomax's Vector NTI Advance suite version 8.0 was used for sequence
creation, mapping, analysis, annotation and illustration. DNA sequencing
DNA sequences were determined by double strand sequencing performed at
SequiServe (Vaterstetten, Germany) and Geneart AG (Regensburg, Germany).
Gene synthesis Desired gene segments were prepared by Geneart AG
(Regensburg, Germany) from synthetic oligonucleotides and PCR products by
automated gene synthesis. The gene segments which are flanked by singular
restriction endonuclease cleavage sites were cloned into pGA18 (ampR)
plasmids. The plasmid DNA was purified from transformed bacteria and
concentration determined by UV spectroscopy. The DNA sequence of the
subcloned gene fragments was confirmed by DNA sequencing. In a similar
manner, DNA sequences coding modified "knobs-intohole" <ErbB-l> antibody
heavy chain carrying S354C and T366W mutations in the CH3 domain
with/without a C-terminal <c-Met>5D5 scFab VH region linked by a peptide
connector as well as "knobs-into-hole" <ErbB-l>antibody heavy chain
carrying Y349C, T366S, L368A and Y407V mutations with/without a
C-terminal<c-Met>5D5 scFab VL region linked by a peptide connector were
prepared by gene synthesis with flanking BamHI and Xbal restriction sites.
Finally, DNA 



sequences encoding unmodified heavy and light chains of <ErbB-l> antibodies
and <c-Met>5D5 antibody were synthesized with flanking BamHI and Xbal
restriction sites. All constructs were designed with a 5'-end DNA sequence
coding for a leader peptide (MGWSCIILFLVATATGVHS), which targets proteins
for secretion in eukaryotic cells. Construction of the expression plasmids
A Roche expression vector was used for the construction of all heavy and
light chain scFv fusion protein encoding expression plasmids. The vector is
composed of the following elements: a hygromycin resistance gene as a
selection marker, an origin of replication, oriP, of Epstein-Barr virus
(EBV), - an origin of replication from the vector pUC18 which allows
replication of this plasmid in E. coli a beta-lactamase gene which confers
ampicillin resistance in E. coli, - the immediate early enhancer and
promoter from the human cytomegalovirus (HCMV), - the human
1-immunoglobulin polyadenylation ("poly A") signal sequence, and - unique
BamHI and Xbal restriction sites. The immunoglobulin fusion genes
comprising the heavy or light chain constructs as well as "knobs-into-hole"
constructs with C-terminal VH and VL domains were prepared by gene
synthesis and cloned into pGA18 (ampR) plasmids as described. The pG18
(ampR) plasmids carrying the synthesized DNA segments and the Roche
expression vector were digested with BamHI and Xbal restriction enzymes
(Roche Molecular Biochemicals) and subjected to agarose gel
electrophoresis. Purified heavy and light chain coding DNA segments were
then ligated to the isolated Roche expression vector BamHI/Xbal fragment
resulting in the final expression vectors. The final expression vectors
were transformed into E. coli cells, expression plasmid DNA was isolated
(Miniprep) and subjected to restriction enzyme analysis and DNA sequencing.
Correct clones were grown in 150 ml LB-Amp medium, again plasmid DNA was
isolated (Maxiprep) and sequence integrity confirmed by DNA
sequencing.Transient expression of immunoglobulin variants in HEK293 cells
Recombinant immunoglobulin variants were expressed by transient
transfection of human embryonic kidney 293-F cells using the FreeStyle(tm)
293 Expression System according to the manufacturer's instruction
(Invitrogen, USA). Briefly, suspension FreeStyle(tm) 293-F cells were
cultivated in FreeStyle(tm) 293 Expression medium at 37C/8 % CO2 and the
cells were seeded in fresh medium at a density of 1-2x1 06 viable cells/ml
on the day of transfection. DNA-293fectin(tm) complexes were prepared in
Opti-MEM(r) I medium (Invitrogen, USA) using 325 ml of 293fectin(tm)
(Invitrogen, Germany) and 250 mg of heavy and light chain plasmid DNA in a
1:1 molar ratio for a 250 ml final transfection volume. "Knobs-into-hole"
DNA- 293fectin complexes were prepared in Opti-MEM(r) I medium (Invitrogen,
USA) using 325 ml of 293fectin(tm) (Invitrogen, Germany) and 250 mg of
"Knobs-intohole" heavy chain 1 and 2 and light chain plasmid DNA in a 1:1:2
molar ratio for a 250 ml final transfection volume. Antibody containing
cell culture supernatants were harvested 7 days after transfection by
centrifugation at 14000 g for 30 minutes and filtered through a sterile
filter (0.22 mm). Supernatants were stored at - 20 C until purification.
Purification of bispecific and control antibodies Trivalent bispecific and
control antibodies were purified from cell culture supernatants by affinity
chromatography using Protein A-Sepharose(tm) (GE Healthcare, Sweden) and
Superdex200 size exclusion chromatography. Briefly, sterile filtered cell
culture supernatants were applied on a HiTrap ProteinA HP (5 ml) column
equilibrated with PBS buffer (10 mM Na2HPO4, 1 mM KH2PO4, 137 mM NaCl and
2.7 mM KCl, pH 7.4). Unbound proteins were washed out with equilibration
buffer. Antibody and antibody variants were eluted with 0.1 M citrate
buffer, pH 2.8, and the protein containing fractions were neutralized with
0.1 ml 1 M Tris, pH 8.5. Then, the eluted protein fractions were pooled,
concentrated with an Amicon Ultra centrifugal filter device (MWCO: 30 K,
Millipore) to a volume of 3 ml and loaded on a Superdex200 HiLoad 120 ml
16/60 gel filtration column (GE Healthcare, Sweden) equilibrated with 2OmM
Histidin, 140 mM NaCl, pH 6.0. Fractions containing purified bispecific and
control antibodies with less than 5 % high molecular weight aggregates were
pooled and stored as 1.0 mg/ml aliquots at - 8O0C. Fab fragments were
generated by a Papain digest of the purified 5D5 monoclonal antibody and
subsequent removal of contaminating Fc domains by Protein A chromatography.
Unbound Fab fragments were further purified on a Superdex200 HiLoad 120 ml
16/60 gel filtration column (GE Healthcare, Sweden)equilibrated with 2OmM
Histidin, 140 mM NaCl, pH 6.0, pooled and stored as 1.0 mg/ml aliquots at
-80C. Analysis of purified proteins The protein concentration of purified
protein samples was determined by measuring the optical density (OD) at 280
nm, using the molar extinction coefficient calculated on the basis of the
amino acid sequence. Purity and molecular weight of bispecific and control
antibodies were analyzed by SDSPAGE in the presence and absence of a
reducing agent (5 mM 1,4-dithiotreitol) and staining with Coomassie
brilliant blue.The NuPAGE(r) Pre-Cast gel system (Invitrogen, USA) was used
according to the manufacturer's instruction (4-20 % Tris-Glycine gels). The
aggregate content of bispecific and control antibody samples was analyzed
by high-performance SEC using a Superdex 200 analytical size-exclusion
column (GE Healthcare, Sweden) in 200 mM KH2PO4, 250 mM KCl, pH 7.0 running
buffer at 25C. 25 mg protein were injected on the column at a flow rate of
0.5 ml/min and eluted isocratic over 50 minutes. For stability analysis,
concentrations of 1 mg/ml of purified proteins were incubated at 4C and 40C
for 7 days and then evaluated by high-performance SEC The integrity of the
amino acid backbone of reduced bispecific antibody light and heavy chains
was verified by NanoElectrospray Q-TOF mass spectrometry after removal of
N-glycans by enzymatic treatment with Peptide-N-Glycosidase F (Roche
Molecular Biochemicals). c-Met phosphorylation assay 5x1 0e5 A549 cells
were seeded per well of a 6-well plate the day prior HGF stimulation in
RPMI with 0.5 % FCS (fetal calf serum). The next day, growth medium was
replaced for one hour with RPMI containing 0.2 % BSA (bovine 



serum albumine). 5 mg/mL of the bispecific antibody was then added to the
medium and cells were incubated for 10 minutes upon which HGF was added for
further 10 minutes in a final concentration of 50 ng/mL. Cells were washed
once with ice cold PBS containing 1mM sodium vanadate upon which they were
placed on ice and lysed in the cell culture plate with 100 mL lysis buffer
(50 mM Tris-Cl pH7.5, 150 mM NaCl, 1 % NP40, 0.5 % DOC, aprotinine, 0.5 mM
PMSF, 1 mM sodium-vanadate). Cell lysates were transferred to eppendorf
tubes and lysis was allowed to proceed for 30 minutes on ice. Protein
concentration was determined using the BCA method (Pierce). 30-50 mg of the
lysate was separated on a 4-12 % Bis-Tris NuPage gel (Invitrogen) and
proteins on the gel were transferred to anitrocellulose membrane. Membranes
were blocked for one hour with TBS-T containing 5 % BSA and developed with
a phospho-specific c-Met antibody directed against Y1230,1234,1235 (44-888,
Biosource) according to the manufacturer's instructions. Immunoblots were
reprobed with an antibody binding to unphosphorylated c-Met (AF276, R&D).
ErbBl/Herl phosphorylation assay 5x1 0e5 A431 cells are seeded per well of
a 6-well plate the day prior antibody addition in RPMI with 10% FCS (fetal
calf serum). The next day, 5 mg/mL of the control or bispecific antibodies
are added to the medium and cells are incubated an additional hour. Cells
are washed once with ice cold PBS containing 1mM sodium vanadate upon which
they are placed on ice and lysed in the cell culture plate with 100 mL
lysis buffer (50 mM Tris-Cl pH7.5, 150 mM NaCl, 1% NP40, 0.5% DOC,
aprotinine, 0.5 mM PMSF, 1mM sodium-vanadate). Cell lysates are transferred
to eppendorf tubes and lysis allowed to proceed for 30 minutes on ice.
Protein concentration is determined using the BCA method (Pierce). 30-50 mg
of the lysate are separated on a 4-12% Bis-Tris NuPage gel (Invitrogen) and
proteins on the gel are transferred to a nitrocellulose membrane. Membranes
are blocked for one hour with TBS-T containing 5% BSA and developed with a
phospho-specific EGFR antibody directed against Yl 173 (sc-12351, Santa
Cruz) according to the manufacturer's instructions. Immunoblots are
reprobed with an antibody binding to unphosphorylated EGFR (06-847,
Upstate). AKT phosphorylation assay 5x1 0e5 A431 cells are seeded per well
of a 6-well plate the day prior antibody addition in RPMI with 10% FCS
(fetal calf serum). The next day, 5 mg/mL of the control or bispecific
antibodies are added to the medium and cells are incubated an additional
hour. A substet of cells is then stimulated for an additional 15 min with
25 ng/mL HGF (R&D, 294-HGN). Cells are washed once with ice cold PBS
containing 1 mM sodium vanadate upon which they are placed on ice and lysed
in the cell culture plate with 100 mL lysis buffer (50 mM Tris-Cl pH7.5,
150 mM NaCl, 1% NP40, 0.5% DOC, aprotinine, 0.5 mM PMSF, 1mM
sodium-vanadate). Cell lysates are transferred to eppendorf tubes and lysis
allowed to proceed for 30 minutes on ice. Protein concentration is
determined using the BCA method (Pierce). 30-50 mg of the lysate are
separated on a 4-12% Bis-Tris NuPage gel (Invitrogen) and proteins on the
gel are transferred to a nitrocellulose membrane. Membranes are blocked for
one hour with TBS-T containing 5% BSA anddeveloped with a phospho-specific
AKT antibody directed against Thr3O8 (Cell Signaling, 9275) according to
the manufacturer's instructions. Immunoblots are reprobed with an antibody
binding to Actin (Abeam, ab20272). ERK1/2 phosphorylation assay 5x1 0e5
A431 cells are seeded per well of a 6-well plate the day prior antibody
addition in RPMI with 10% FCS (fetal calf serum). The next day, 5 mg/mL of
the control or bispecific antibodies are added to the medium and cells are
incubated an additional hour. A subset of cells is then stimulated for an
additional 15 min with 25 ng/mL HGF (R&D, 294-HGN). Cells are washed once
with ice cold PBS containing 1 mM sodium vanadate upon which they are
placed on ice and lysed in the cell culture plate with 100 mL lysis buffer
(50 mM Tris-Cl pH7.5, 150 mM NaCl, 1% NP40, 0.5% DOC, aprotinine, 0.5 mM
PMSF, 1 mM sodium-vanadate). Cell lysates are transferred to eppendorf
tubes and lysis allowed to proceed for 30 minutes on ice. Protein
concentration is determined using the BCA method (Pierce). 30-50 mg of the
lysate are separated on a 4-12% Bis-Tris NuPage gel (Invitrogen) and
proteins on the gel are transferred to a nitrocellulose membrane. Membranes
are blocked for one hour with TBS-T containing 5% BSA and developed with a
phospho-specific Erkl/2 antibody directed against Thr202/Tyr204
(CellSignaling, Nr.9106) according to the manufacturer's instructions.
Immunoblots are reprobed with an antibody binding to Actin (Abeam,
ab20272). Cell-Cell dissemination assay (scatter assay) A549 (4000 cells
per well) or A43 1 (8000 cells per well) were seeded the day prior compound
treatment in a total volume of 200 mL in 96-well E-Plates (Roche,
05232368001) in RPMI with 0.5% FCS. Adhesion and cell growth was monitored
over night with the Real Time Cell Analyzer machine with sweeps every 15
min monitoring the impedance. The next day, cells were pre-incubated with 5
mL of the respective antibody dilutions in PBS with sweeps every five
minutes. After 30 minutes 2,5 mL of a HGF solution yielding a final
concentration of 20 ng/mL were added and the experiment was allowed to
proceed for further 72 hours. Immediate changes were monitored with sweeps
every minute for 180 minutes followed by sweeps every 15 minutes for the
remainder of the time.Flow cytometry assay (FACS) a) Binding Assay c-Met
and ErbB-1 expressing cells were detached and counted. 1.5xl0e5 cells were
seeded per well of a conical 96-well plate. Cells were spun down (1500 rpm,
4C, 5 min) and incubated for 30 min on ice in 50 mL of a dilution series of
the respective bispecific antibody in PBS with 2 % FCS (fetal calf serum).
Cells were again spun down and washed once with 200 mL PBS containing 2 %
FCS followed by a second incubation of 30 min with a phycoerythrin-coupled
antibody directed against human Fc which was diluted in PBS containing 2 %
FCS (Jackson Immunoresearch, 1091 16098). Cells were spun down washed twice
with 200 mL PBS containing 2 % FCS, resuspended in BD CellFix solution (BD
Biosciences) and incubated for at least 10 min on ice. Mean fluorescence
intensity (mfi) of the cells was determined by flow cytometry (FACS Canto,
BD). Mfi was determined at least in duplicates of two independent
stainings. Flow cytometry spectra were further processed using the FlowJo
software (TreeStar). Half-maximal binding was determined using XLFit 4.0
(IDBS) and the dose response one site model 205. b) Internalization Assay 



Cells were detached and counted. 5x1 0e5 cells were placed in 50 mL
complete medium in an eppendorf tube and incubated with 5 mg/mL of the
respective bispecific antibody at 37C. After the indicated time points
cells were stored on ice until the time course was completed. Afterwards,
cells were transferred to FACS tubes, spun down (1500 rpm, 4C, 5min),
washed with PBS + 2 % FCS and incubated for 30 minutes in 50 mL
phycoerythrin-coupled secondary antibody directed against human Fc which
was diluted in PBS containing 2 % FCS (Jackson Immunoresearch, 1091 16098).
Cells were again spun down, washed with PBS + 2 % FCS and fluorescence
intensity was determined by flow cytometry (FACS Canto, BD). Cell Titer
Glow Assay Cell viability and proliferation was quantified using the cell
titer glow assay (Promega). The assay was performed according to the
manufacturer's instructions. Briefly, cells were cultured in 96-well plates
in a total volume of 100 mL for the desired period of time. For the
proliferation assay, cells were removed from the incubator and placed at
room temperature for 30 min. 100 mL of cell titer glow reagent were added
and multi-well plates were placed on an orbital shaker for 2 min.
Luminescence was quantified after 15 min on a microplate reader
(Tecan).Wst-1 Assay A Wst-1 viability and cell proliferation assay was
performed as endpoint analysis, detecting the number of metabolic active
cells. Briefly, 20 mL of Wst-1 reagent (Roche, 11644807001) were added to
200 mL of culture medium. 96-well plates were further incubated for 30 min
to 1 h until robust development of the dye. Staining intensity was
quantified on a microplate reader (Tecan) at a wavelength of 450 nm. Design
of bispecific <ErbBl-c-Met> antibodies All of the following expressed and
purified bispecific <ErbB 1-c-Met> antibodies comprise a constant region or
at least the Fc part of IgGl subclass (human constant IgGl region of SEQ ID
NO: 11) which is eventually modified as indicated below. In Table 1:
Trivalent, bispecific <ErbBl-c-Met> antibodies based on a full lenght
ErbB-1 antibody (cetuximab or humanized ICR62) and one single chain Fab
fragment (for a basic structure scheme see Fig. 5a) from a c-Met antibody
(cMet 5D5) with the respective features shown in Tablel were or can be
expressed and purified according to the general methods described above.
The corresponding VH and VL of cetuximab or humanized ICR62 are given in
the sequence listing. Table 1:Example 1: Binding of bispecific antibodies
to ErbB-1 and c-Met (Surface Plasmon Resonance) The binding affinity was
determined with a standard binding assay at 25C, such as surface plasmon
resonance technique (BIAcore(r), GE-Healthcare Uppsala, Sweden). For
affinity measurements, 30 mg/ml of anti Fcg antibodies (from goat, Jackson
Immuno Research) were coupled to the surface of a CM-5 sensor chip by
standard amine-coupling and blocking chemistry on a SPR instrument (Biacore
TlOO). After conjugation, mono- or bispecific ErbBl/cMet antibodies were
injected at 25C at a flow rate of 5 mL/min, followed by a dilution series
(0 nM to 1000 nM) of human ErbBl or c-Met ECD at 30 mL/min. As running
buffer for the binding experiment PBS/0. 1% BSA was used. The chip was then
regenerated with a 60s pulse of 10 mM glycine-HCl, pH 2.0 solution.Table:
Binding characteristics of bispecific antibodies binding to ErbBl/cMet as
determined by surface plasmon resonance. Example 2 : Inhibition of
HGF-induced c-Met receptor phosphorylation by bispecific Herl/c-Met
antibody formats. To confirm functionality of the c-Met part in the
bispecific Herl/c-Met antibodies a c-Met phosphorylation assay is
performed. In this experiment, A549 lung cancer cells or A431 colorectal
cancer cells are treated with the bispecific antibodies or parental control
antibodies prior exposure to HGF. Binding of the parental or bispecific
antibodies leads to inhibition of receptor phosphorylation. Alternatively,
one can also use cells, e.g. U87MG, with an autocrine HGF loop and assess
c-Met receptor phosphorylation in the absence or presence of parental or
bispecific antibodies. Example 3i Analysis of Herl receptor phosphorylation
after treatment with Herl/cMet bispecific antibodies To confirm
functionality of the EGFR-binding part in the bispecific Herl/cMet
antibodies A431 are incubated either with the parental EGFR antibodies or
bispecific Herl/cMet antibodies. Binding of the parental or bispecific
antibodies but not of an unrelated IgG control antibody leads to inhibition
of receptor phosphorylation. Alternatively, one can also use cells which
are stimulated with EGF to induce ErbBl/Herl receptor phosphorylation in
the presence or absence of parental or bispecific antibodies.Example 4:
Analysis of PI3K signaling after treatment with Herl/cMet bispecific
antibodies EGFR as well as c-Met receptor can signal via the PI3K pathway
which conveys mitogenic signals. To demonstrate simultaneous targeting of
the EGFR and c-Met receptor phosphorylation of AKT, a downstream target in
the PI3K pathway, can be monitored. To this End, unstimulated cells, cells
treated with EGF or HGF or cells treated with both cytokines are in
parallel incubated with unspecific, parental control or bispecific
antibodies. Alternatively, one can also assess cells which overexpress
ErbBl/Herl and/or have an autocrine HGF loop which activates c-Met
signaling. AKT is a major downstream signaling component of the PI3K
pathway and phosphorylation of this protein is a key indicator of signaling
via this pathway. Example 5i Analysis of MAPK signaling after treatment
with Herl/cMet bispecific antibodies ErbBl/Herl and c-Met receptor can
signal via the MAPK pathway. To demonstrate targeting of the ErbBl/Herl and
c-Met receptor, phosphorylation of ERKl /2, a major downstream target in
the MAPK pathway, can be monitored. To this End, unstimulated cells, cells
treated with EGF or HGF or cells treated with both cytokines are in
parallel incubated with unspecific, parental control or bispecific
antibodies. Alternatively, one can also assess cells which overexpress
ErbBl/Herl and/or have an autocrine HGF loop which activates c-Met
signaling. Example 6: 



Inhibition of HGF-induced HUVEC proliferation by bispecific Herl/c-Met
antibody formats. HUVEC proliferation assays can be performed to
demonstrate the agiogenic and mitogenic effect of HGF. Addition of HGF to
HUVEC leads to an increase in cellular proliferation which can be inhibited
by c-Met binding antibodies in a dosedependent manner.Example 7: Inhibition
of A431 proliferation by bispecific Herl/c-Met antibodies. a) A43 1 cells
display high cell surface levels of Herl and medium high cell surface
expression of c-Met as was independently confirmed in flow cytometry.
Inhibition of A431 proliferation by bispecific Herl/c-Met antibodies was
measured in CellTiterGlow(tm) assay after 48 hours. Results are shown in
Figure 8a. Control was PBS buffer. A second measurement showed an
inhibition of the EGFR antibody cetuximab of 29% inhibition (compared to
buffer control which is set 0% inhibition). The bispecific Herl/c-Met
BsABOl (BsAb) antibody led to a more pronounced inhibition of cancer cell
proliferation (38% inhibition). The monovalent c-Met antibody one-armed 5D5
(OA5D5) showed no effect on proliferation. The combination of the EGFR
antibody cetuximab and the monovalent c-Met antibody one-armed 5D5 (OA5D5)
led to a less pronounced decrease(20% inhibition) b) A43 1 are mainly
dependent on EGFR signaling. To simulate a situation in which an active
EGFR - c-Met-receptor signaling network occurs further proliferation assays
were conducted as described under a) (CellTiterGlow(tm) assay after 48
hours) but in the presence of HGF-conditioned media. Results are shown in
Figure 8b. A second measurement showed almost no inhibition effect of the
EGFR antibody cetuximab (0% inhibition) and of the monovalent c-Met
antibody one-armed 5D5 (OA5D5) (1% inhibition). The bispecific Herl/c-Met
antibody BsABOl (BsAb) (39% inhibition) showed a pronounced inhibition of
the cancer cell proliferation of A43 1 cells. The combination of the EGFR
antibody cetuximab and the monovalent c-Met antibody one-armed 5D5 (OA5D5)
led to a less pronounced decrease in cell proliferation (20% inhibition).
Example 8: Analysis of inhibition of HGF-induced cell-cell dissemination
(scattering) in the cancer cell line DUl 45 by bispecific Herl/c-Met
antibody formats. HGF-induced scattering induces morphological changes of
the cell, resulting in rounding of the cells, filopodia-like protrusions,
spindle-like structures and a certain motility of the cells. A bispecific
Herl/cMet antibody suppressed HGFinduced cell cell dissemination.Example 9:
Analysis of antibody-mediated receptor internalization in ErbB-1 and c-Met
expressing cancer cell lines Incubation of cells with antibodies
specifically binding to Herl or c-Met has been shown to trigger
internalization of the receptor. In order to assess the internalization
capability of the bispecific antibodies, an experimental setup is designed
to study antibody-induced receptor internalization. For this purpose,
OVCAR-8 cells ((NCI Cell Line designation; purchased from NCI (National
Cancer Institute) OVCAR-8-NCI; Schilder RJ, et al Int J Cancer. 1990 Mar
15;45(3):416-22; Ikediobi ON, et al, MoI Cancer Ther. 2006;5;2606-12;
Lorenzi, P.L., et al MoI Cancer Ther 2009; 8(4):7 13-24)) (which express
Herl as well as c- Metas was confirmed by flow cytometry -see Figure 7b)
were incubated for different periods of time (e.g 0, 30, 60, 120 minutes =
0, 0.5, 1, 2 hours (h)) with the respective primary antibody at 37C.
Cellular processes are stopped by rapidly cooling the cells to 4C. A
secondary fluorophor-coupled antibody specifically binding to the Fc of the
primary antibody was used to detect antibodies bound to the cell surface.
Internalization of the antibody-receptor complex depletes the
antibody-receptor complexes on the cell surface and results in decreased
mean fluorescence intensity. Internalization was studied in Ovcar-8 cells.
Results are shown in the following table and Figure 9. % Internalization of
the respective receptor is measured via the internalization of the
respective antibodies (In Figure 9, the bispecific <ErbBl-cMet > antibody
BsABOl is designated as cMet/HERl, the parent monospecific, bivalent
antibodies are designated as <HER1> and <cMet>.) Table: % Internalization
of c-Met receptor by bispecific Herl/ cMet antibody as compared to parent
monospecific, bivalent c-Met antibody measured with FACS assay after 2
hours (2h) on OVCAR-8 cells. Measurement % of c-Met receptor on cell
surface at Oh (= in the absence of antibody) is set as 100 % of c-Met
receptor on cell surface.Example 10 Preparation of glycoengineered versions
of bispecific Her1/c-Met antibodies The DNA sequences of bispecific Her
1/c-Met antibody are subcloned into mammalian expression vectors under the
control of the MPSV promoter and upstream of a synthetic polyA site, each
vector carrying an EBV OriP sequence. Bispecific antibodies are produced by
co-transfecting HEK293-EBNA cells with the mammalian bispecific antibody
expression vectors using a calcium phosphatetransfection approach.
Exponentially growing HEK293-EBNA cells are transfected by the calcium
phosphate method. For the production of the glycoengineered antibody, the
cells are co-transfected with two additional plasmids, one for a fusion
GnTIII polypeptide expression (a GnT-III expression vector), and one for
mannosidase II expression (a Golgi mannosidase II expression vector) at a
ratio of 4:4:1:1, respectively. Cells are grown as adherent monolayer
cultures in T flasks using DMEM culture medium supplemented with 10% FCS,
and are transfected when they are between 50 and 80% confluent. For the
transfection of a Tl 50 flask, 15 million cells are seeded 24 hours before
transfection in 25 ml DMEM culture medium supplemented with FCS (at 10% V/V
final), and cells are placed at 37C in an incubator with a 5% CO2
atmosphere overnight. For each Tl 50 flask to be transfected, a solution of
DNA, CaC12 and water is prepared by mixing 94 mg total plasmid vector DNA
divided equally between the light and heavy chain expression vectors, water
to a final volume of 469 ml and 469 ml of a IM CaC12 solution. To this
solution, 938 ml of a 50 mM HEPES, 280 itiM NaCl, 1.5 mM Na2HPO4 solution
at pH 7.05 are added, mixed immediately for 10 sec and left to stand atroom
temperature for 20 sec. The suspension is diluted with 10 ml of DMEM
supplemented with 2% FCS, and added to the Tl 50 in place of the existing
medium. Then additional 13 ml of transfection medium are added. The cells
are incubated at 37C, 5% CO2 for about 17 to 20 hours, then medium is
replaced with 



25 ml DMEM, 10% FCS. The conditioned culture medium is harvested 7 days
post-transfection by centrifugation for 15 min at 210 x g, the solution is
sterile filtered (0.22 mm filter) and sodium azide in a final concentration
of 0.01 % w/v is added, and kept at 4C. The secreted bispecific
afocusylated glycoengineered antibodies are purified by Protein A affinity
chromatography, followed by cation exchange chromatography and a final size
exclusion chromatographic step on a Superdex 200 column (Amersham
Pharmacia) exchanging the buffer to 25 mM potassium phosphate, 125 mM
sodium chloride, 100 mM glycine solution of pH 6.7 and collecting the pure
monomelic IgGl antibodies. Antibody concentration is estimated using a
spectrophotometer from the absorbance at 280 nm. The oligosaccharides
attached to the Fc region of the antibodies are analysed by MALDI/TOF-MS as
described. Oligosaccharides are enzymatically released from the antibodies
by PNGaseF digestion, with the antibodies being either immobilized on a
PVDF membrane or in solution. The resulting digest solution containing the
released oligosaccharides is either prepared directly for MALDI/TOF-MS
analysis or further digested with EndoH glycosidase prior to sample
preparation for MALDI/TOF-MS analysis. Example 11 Analysis of
glycostructure of bispecific Herl/c-Met antibodies For determination of the
relative ratios of fucose- and non-fucose (a-fucose) containing
oligosaccharide structures, released glycans of purified antibody material
are analyzed by MALDI-Tof-mass spectrometry. For this, the antibody sample
(about 50mg) is incubated over night at 370C with 5mU N-Glycosidase F
(Prozyme# GKE-5010B) in 0.1M sodium phosphate buffer, pH 6.0, in order to
release the oligosaccharide from the protein backbone. Subsequently, the
glycan structures released are isolated and desalted using NuTip-Carbon
pipet tips (obtained from Glygen: NuTipl-10 ml, Cat.Nr#NT ICAR). As a first
step, the NuTip-Carbon pipet tips are prepared for binding of the
oligosaccharides by washing them with 3 mL IM NaOH followed by 20 mL pure
water (e.g. HPLCgradient grade from Baker, # 4218), 3 mL 30% v/v acetic
acid and again 20 ml pure water. For this, the respective solutions are
loaded onto the top of the chromatography material in the NuTip-Carbon
pipet tip and pressed through it. Afterwards, the glycan structures
corresponding to 10 mg antibody are bound to the material in the
NuTip-Carbon pipet tips by pulling up and down the N-Glycosidase F digest
described above four to five times. The glycans bound to the material in
the NuTip-Carbon pipet tip are washed with 20 mL pure water in the way as
described above and are eluted stepwise with 0.5 mL 10% and 2.0 mL 20 %
acetonitrile, respectively. For this step, the elution solutions are filled
in a 0.5 mL reaction vails and are pulled up and down four to five times
each. For the analysis by MALDI-Tof mass spectrometry, both eluates are
combined. For this measurement, 0.4 mL of the combined eluates are mixed on
the MALDI target with 1.6 mL SDHB matrix solution (2.5-Dihydroxybenzoic
acidV2-Hydorxy-5- Methoxybenzoic acid [Bruker Daltonics #209813] dissolved
in 20 % ethanol/5mM NaCl at 5 mg/ml) and analysed with a suitably tuned
Bruker Ultraflex TOF/TOF instrument. Routinely, 50-300 shots are recorded
and sumed up to a single experiment. The spectra obtained are evaluated by
the flex analysis software (Bruker Daltonics) and masses are determined for
the each of the peaks detected. Subsequently, the peaks are assigned to
fucose or a-fucose (non-fucose) containing glycol structures by comparing
the masses calculated and the masses theoretically expected for the
respective structures (e.g. complex, hybride and oligo-or highmannose,
respectively, with and without fucose). For determination of the ratio of
hybride structures, the antibody sample are digested with N-Glycosidase F
and Endo-Glycosidase H concommitantlyNglycosidase F releases all N-linked
glycan structures (complex, hybride and oligoand high mannose structures)
from the protein backbone and the Endo-Glycosidase H cleaves all the
hybride type glycans additionally between the two GIcNAcresidue at the
reducing end of the glycan. This digest is subsequently treated and
analysed by MALDI-Tof mass spectrometry in the same way as described above
for the N-Glycosidase F digested sample. By comparing the pattern from the
NGlycosidase F digest and the combined N-glycosidase F / Endo H digest, the
degree of reduction of the signals of a specific glyco structure is used to
estimate the relative content of hybride structures. The relative amount of
each glycostructure is calculated from the ratio of the peak height of an
individual glycol structure and the sum of the peak heights of all
glycostructures detected. The amount of fucose is the percentage of
fucose-containing structures related to all glyco structures identified in
the N-Glycosidase F treated sample (e.g. complex, hybride and oligo- and
high-mannose structures, resp.). The amount of afucosylation is the
percentage of fucose-lacking structures related to all glyco structures
identified in the N-Glycosidase F treated sample (e.g. complex, hybride and
oligo- and high-mannose structures, resp.). Example 12: Analysis of
cellular migration after treatment with Herl/cMet bispecific antibodies One
important aspect of active c-Met signaling is induction of a migratory and
invasive programme. Efficacy of a c-Met inhibitory antibody can be
determined by measuring the inhibition of HGF-induced cellular migration.
For this purpose, the HGF-inducible cancer cell line A431 is treated with
HGF in the absence or presence of bispecific antibody or an IgG control
antibody and the number of cells migrating through an 8 mm pore is measured
in a time-dependent manner on an Acea Real Time cell analyzer using
CIM-plates with an impedance readout. Example 13 In vitro ADCC of
bispecific Herl/c-Met antibodies The Herl/cMet bispecific antibodies
according to the invention display reduced internalization (as compared to
the corresponding monospecific parent c-Met antibody) on cells expressing
both receptors. Reduced internalization strongly supports the rationale for
glycoengineering these antibodies as a prolonged exposure of the
antibody-receptor complex on the cell surface is more likely to be
recognized by Nk cells. Reduced internalization and glycoengineering
translate into enhanced antibody dependent cell cytotoxicity (ADCC) in
comparison to the parental antibodies. An in vitro experimental setup to
demonstrate these effects can be designed using cancer cells which express
both Herl and cMet, on the cell surface, e.g. A431, and effector cells like
a Nk cell line or PBMCs. Tumor cells 



are pre-incubated with the parent monospecific antibodies or the bispecific
antibodies for up to 24 h followed by the addition of the effector cell
line. Cell lysis is quantified and allows discrimination of mono- and
bispecific antibodies. The target cells, e.g. PC-3 (DSMZ #ACC 465,
prostatic adenocarcinoma, cultivation in Ham's Fl 2 Nutrient Mixture + 2 mM
L-alanyl-L-Glutamine + 10 %FCS) are collected with trypsin/EDTA (Gibco #
25300-054) in exponential growth phase. After a washing step and checking
cell number and viability the aliquot needed is labeled for 30 min at 37C
in the cell incubator with calcein (Invitrogen #C3100MP; 1 vial was
resuspended in 50 ml DMSO for 5 Mio cells in 5 ml medium). Afterwards, the
cells are washed three times with AIM-V medium, the cell number and
viability is checked and the cell number adjusted to 0.3 Mio/ml. Meanwhile,
PBMC as effector cells are prepared by density gradient centrifugation
(Histopaque-1077, Sigma # H8889) according to the manufacturer's protocol
(washing steps Ix at 40Og and 2x at 350g 10 min each). The cell number and
viability is checked and the cell number adjusted to 15 Mio/ml. lOOml
calcein-stained target cells are plated in round-bottom 96-well plates,
50ml diluted antibody is added and 50ml effector cells. In some experiments
the target cells are mixed with Redimune (r) NF Liquid (ZLB Behring) at a
concentration of 10 mg/ml Redimune. As controls serves the spontaneous
lysis, determined by co-culturing target and effector cells without
antibody and the maximal lysis, determined by 1 % Triton X- 100 lysis of
target cells only. The plate is incubated for 4 hours at 370C in a
humidified cell incubator. The killing of target cells is assessed by
measuring LDH release from damaged cells using the Cytotoxicity Detection
kit (LDH Detection Kit, Roche # 1 644 793) according to the manufacturer's
instruction. Briefly, 100 ml supernatant from each well is mixed with 100
ml substrate from the kit in a transparent flat bottom 96 well plate. The
Vmax values of the substrate's colour reaction is determined in an ELISA
reader at 490 nm for at least 10 min. Percentage of specific
antibodymediated killing is calculated as follows: ((A - SR)/(MR - SR)xl00,
where A is the mean of Vmax at a specific antibody concentration, SR is the
mean of Vmax of the spontaneous release and MR is the mean of Vmax of the
maximal release. Example 14 In vivo efficacy of bispecific Herl / cMet
antibodies in a subcutaneous xenograft model with a paracrine HGF loop A
subcoutaneous A549 model, coinjected with Mrc-5 cells, mimicks a paracrine
activation loop for c-Met. A549 express c-Met as well as Herl on the cell
surface. A549 and Mrc-5 cells are maintained under standard cell culture
conditions in thelogarithmic growth phase. A549 and Mrc-5 cells are
injected in a 10:1 ratio with ten million A549 cells and one million Mrc-5.
Cells are engrafted to SCID beige mice. Treatment starts after tumors are
established and have reached a size of 100- 150 mm3. Mice are treated with
a loading dose of 20 mg/kg of antibody / mouse and then once weekly with 10
mg/kg of antibody / mouse. Tumor volume is measured twice a week and animal
weights are monitored in parallel. Single treatments and combination of the
single antibodies are compared to the therapy with bispecif c antibody.
Example 15 In vivo efficacy of bispecif c Herl / cMet antibodies in a
subcutaneous xenograft model with a paracrine HGF loop A subcoutaneous A431
model, coinjected with Mrc-5 cells, mimicks a paracrine activation loop for
c-Met. A43 1 express c-Met as well as Herl on the cell surface. A43 1 and
Mrc-5 cells are maintained under standard cell culture conditions in the
logarithmic growth phase. A431 and Mrc-5 cells are injected in a 10:1 ratio
with ten million A431 cells and one million Mrc-5. Cells are engrafted to
SCID beige mice. Treatment starts after tumors are established and have
reached a size of 100- 150 mm3. Mice are treated with a loading dose of 20
mg/kg of antibody / mouse and then once weekly with 10 mg/kg of antibody /
mouse. Tumor volume is measured twice a week and animal weights are
monitored in parallel. Single treatments and combination of the single
antibodies are compared to the therapy with bispecific antibody. Example 16
Inhibition of Ovcar-8 proliferation by bispecific Herl / cMet antibodies a)
Ovcar-8 cells display high cell surface levels of Herl and medium high cell
surface expression of c-Met as was independently confirmed in flow
cytometry. Inhibition of Ovcar-8 proliferation by bispecific Herl /c-Met
antibodies was measured in CellTiterGlow(tm) assay after 48 hours. Results
are shown in Figure 10a. Control was PBS buffer. EGFR antibody cetuximab
showed no inhibition (compared to buffer control which is set 0%
inhibition). The bispecific Herl /c-Met BsABOl (BsAb) antibody led to a
small but significant inhibition of cancer cell proliferation (8%
inhibition). The monovalent c-Met antibody one-armed 5D5 (OA5D5) showed no
effect onproliferation. The combination of the EGFR antibody cetuximab and
the monovalent c-Met antibody one-armed 5D5 (OA5D5) led to almost no
decrease in proliferation (2% inhibition) b) Ovcar-8 can be further
stimulated with HGF. To simulate a situation in which an active EGFR -
c-Met-receptor signaling network occurs further proliferation assays were
conducted as described under a) (CellTiterGlow(tm) assay after 48 hours)
but in the presence of HGF-conditioned media. Results are shown in Figure
10b. Addition of HGF led to an increase in proliferation (10%). The EGFR
antibody cetuximab as well as the monovalent c-Met antibody one-armed 5D5
(OA5D5) displayed only minor inhibitory effects on proliferation (2%, 7%)
in comparison to cells treated only with HGF which were set to 0%
inhibition. The bispecific Herl/c-Met antibody BsABOl (BsAb) (15%
inhibition) showed a pronounced inhibition of the cancer cell proliferation
of Ovcar-8 cells. The combination of the EGFR antibody cetuximab and the
monovalent c-Met antibody one-armed 5D5 (OA5D5) led to a less pronounced
decrease in cell proliferation (10% inhibition).Patent Claims 1. A bispecif
c antibody specifically binding to human ErbB-1 and human c- Met comprising
a first antigen-binding site that specifically binds to human ErbB-1 and a
second antigen-binding site that specifically binds to human c- Met,
characterized in that said bispecific antibody shows an internalization of
c-Met of no more than 15 % when measured after 2 hours in a flow cytometry
assay on OVCAR-8 cells, as compared to internalization of c-Met in the
absence of said bispecific antibody. 2. The bispecific antibody according
to claiml characterized in being a bivalent 



or trivalent, comprising one or two antigen-binding sites that specifically
bind to human ErbB-1 and a third antigen-binding site that specifically
binds to human c-Met. 3. The antibody according to claim 2 characterized in
comprising a) a full length antibody specifically binding to ErbB-1, and
consisting of two antibody heavy chains and two antibody light chains; and
b) one single chain Fab fragment specifically binding to human c-Met,
wherein said single chain Fab fragment under b) is fused to said full
length antibody under a) via a peptide connector at the C- or N- terminus
of the heavy or light chain of said full length antibody. 4. A bispecific
antibody specifically binding to human ErbB-1 and human c- Met comprising a
first antigen-binding site that specifically binds to human ErbB-1 and a
second antigen-binding site that specifically binds to human c- Met,
characterized in that i) said first antigen-binding site comprises in the
heavy chain variable domain a CDR3H region of SEQ ID NO: 17, a CDR2H region
of SEQ ID NO: 18, and a CDRlH region of SEQ ID NO: 19, and in the light
chain variable domain a CDR3L region of SEQ ID NO: 20, a CDR2L region of
SEQ ID NO:21, and a CDRlL region of SEQ ID NO:58 or a CDRlL region of SEQ
ID NO:22; and said second antigen-binding site comprises in the heavy chain
variable domain a CDR3H region of SEQ ID NO: 30, a CDR2H region of,SEQ ID
NO: 31, and a CDRlH region of SEQ ID NO: 32, and in the light chain
variable domain a CDR3L region of SEQ ID NO: 33, a CDR2L region of SEQ ID
NO: 34, and a CDRlL region of SEQ ID NO: 35. ii) said first antigen-binding
site comprises in the heavy chain variable domain a CDR3H region of SEQ ID
NO: 23, a CDR2H region of SEQ ID NO: 24, and a CDRlH region of SEQ ID
NO:25, and in the light chain variable domain a CDR3L region of SEQ ID NO:
26, a CDR2L region of SEQ ID NO:27, and a CDRlL region of SEQ ID NO:28 or a
CDRlL region of SEQ ID NO:29; and said second antigen-binding site
comprises in the heavy chain variable domain a CDR3H region of SEQ ID NO:
30, a CDR2H region of, SEQ ID NO: 31, and a CDRlH region of SEQ ID NO: 32,
and in the light chain variable domain a CDR3L region of SEQ ID NO: 33, a
CDR2L region of SEQ ID NO: 34, and a CDRlL region of SEQ ID NO: 35. 5. The
bispeciflc antibody according to claim 4 characterized in that i) said
first antigen-binding site specifically binding to ErbB-1 comprises as
heavy chain variable domain the sequence of SEQ ID NO: 1 , and as light
chain variable domain the sequence of SEQ ID NO: 2 ; and said second
antigen-binding site specifically binding to c-Met comprises as heavy chain
variable domain the sequence of SEQ ID NO: 5, and as light chain variable
domain the sequence of SEQ ID NO: 6; or ii) said first antigen-binding site
specifically binding to ErbB-1 comprises as heavy chain variable domain the
sequence of SEQ ID NO: 3 , and as light chain variable domain the sequence
of SEQ ID NO: 4 ; and said second antigen-binding site specifically binding
to c-Met comprises as heavy chain variable domain the sequence of SEQ ID
NO: 5, and as light chain variable domain the sequence of SEQ ID NO: 6.6.
The bispecific antibody according to claim 1 to 5, characterized in
comprising a constant region of IgGl or IgG3 subclass. 7. The bispecific
antibody according to claim 1 to 6, characterized in that said antibody is
glycosylated with a sugar chain at Asn297 whereby the amount of fucose
within said sugar chain is 65 % or lower. 8. A nucleic acid encoding a
bispecific antibody according to claim 1 to 7. 9. A pharmaceutical
composition comprising a bispecific antibody according to claims 1 to 7.
10. A pharmaceutical composition according to claims 9 for the treatment of
cancer. 11. A bispecific antibody according to claims 1 to 7 for the
treatment of cancer. 12. Use of a bispecific antibody according to claims 1
to 7 for the manufacture of a medicament for the treatment of cancer. 13. A
method of treatment of patient suffering from cancer by administering a
bispecific antibody according to claims 1 to 7 to a patient in the need of
such treatment. 


