
Description Cyclic pyridyl-N-[1
,3,4]-thiadiazol-2-yl-benzene sulfonamides, processes
for their preparation and their use as pharmaceuticals
The invention relates to cyclic N-[1
,3,4]-thiadiazol-2-yl-benzene sulfonamides and to
their physiologically acceptable salts and
physiologically functional derivatives showing
PPARdelta or PPARdelta and PPARgamma agonist activity.
Benzenesulfonamino compounds which bind to PPARs are
described in WO 2005/005421 and WO 2007/039173.
Sulfonamide compounds showing hypoglycemic activity
are disclosed in Khimiko-Farmatsevticheskii Zhurnal
(1987), 21(8), 965-8. From WO 97/40017 compounds
having a phenyl group linked to heterocycles are known
as modulators of molecules with phosphotyrosine
recognition units. The invention is based on the
object of providing compounds which permit
therapeutically utilizable modulation of lipid and/or
carbohydrate metabolism and are thus suitable for the
prevention and/or treatment of diseases such as type 2
diabetes and atherosclerosis and the diverse sequelae
thereof. Another purpose of the invention is to treat
demyelinating and other neurodegenerative disorders of
the central and peripheral nervous systems. A series
of compounds which modulate the activity of PPA
receptors has been found. The compounds are suitable
in particular for activating PPARdelta or PPARdelta
and PPARgamma, however it is possible that the
relative activation varies depending on the specific
compounds. Compounds of the present invention are
described by formula I :wherein R 1 is (C1-C6) alkyl,
(C0-C6) alkylene (C3-C6) cycloalkyl, (C0-C6)
alkylene-O-(C1- C6) alkyl, (C0-C6) alkylene-O-(C3-C6)
cycloalkyl, (C0-C6) alkylene-(C6-C14) aryl, (C0-C6)
alkylene-(C5-C1 5) heteroaryl, wherein alkyl,
alkylene, aryl, heteroaryl and cycloalkyl can be
unsubstituted or mono-, di- or trisubstituted by F,
Cl, Br, (C1-C6) alkyl, O-(C1-C6) alkyl, CF3, OCF3, CN,
CO-(CI -C6) alkyl, COO(CI -C6) alkyl, CON((C0-C6)
alkylene-H)((C0-C6) alkylene-H), S(O)m(C1- C6) akyl;
R2, R3 are independently H, halogen, (C1-C6) alkyl,
(C0-C4) alkylene-O-(C0-C4) alkylene-H, CN, COO(CI -C6)
alkyl, CON((C0-C6) alkylene-H)((C0-C6) alkylene-H),
S(O)m(C1-C6) alkyl, wherein alkyl and alkylene are
unsubstituted or mono-, di- or trisubstituted by F;
R4, R5, R6 and R7 are independently H, (C1-C6) alkyl,
(C0-C6) alkylene-(C3-C6) cycloalkyl, (C0-C6)
alkylene-(C6-C14) aryl, (C0-C6) alkylene-(C5-C15)
heteroaryl, (C0-C6) alkylene-(C3-C15)
heterocycloalkyl, (C0-C6) alkylene- (C3-C15)
heterocycloalkenyl, wherein alkyl, alkylene and
cycloalkyl are unsubstituted or mono-, di- or
trisubstituted by halogen, (C1-C6) alkyl, (COC6)
alkylene-O-(C0-C6)-alkylene-H, CF3, OCF3, CN, CO-(CI
-C6) alkyl, COO-(C1-C6) alkyl, CON((C0-C6)
alkylene-H)((C0-C6) alkylene-H), S(O)m(C1-C6) alkyl,
and wherein aryl, cycloalkyl,
heterocycloalkyl,heterocycloalkenyl and heteroaryl are
unsubstituted or mono-, di- or trisubstituted by
halogen, CF3, (C1-C6) alkyl and (C0-C4)
alkylene-O-(C0- C4) alkylene-H, and wherein at least
one pair of R4 and R5, R6 and R7 , R5 and R6, together
with the C-atoms to which they are connected, or R6
together with the ortho C-atom of the aromatic ring,
form a (C3-C9) cycloalkyl, a (C3-C9)-heterocycloalkyl
or a (C3-C9)-heterocycloalkenyl, wherein cycloalkyl,
heterocycloalkyl and heterocycloalkenyl are
unsubstituted or mono, di- or trisubstituted by 



halogen, CF3, (C1-C6) alkyl and (C0-C4)
alkylene-O-(C0-C4) alkylene-H; m is 0,1 ,2; in all its
stereoisomeric forms, enantiomeric forms and mixtures
in any ratio, and its physiologically acceptable salts
and tautomeric forms. Another embodiment according to
the invention are compounds of the formula I, wherein
R 1 is (C1-C6) alkyl, (C0-C6) alkylene (C3-C6)
cycloalkyl, (C0-C6) alkylene-(C6- C14) aryl, (C0-C6)
alkylene-(C5-C15) heteroaryl, wherein alkyl, alkylene,
aryl, heteroaryl and cycloalkyl can be unsubstituted
or mono-, di- or trisubstituted by F, Cl, Br, (C1-C6)
alkyl, O-(C1-C6) alkyl, CF3, OCF3, CN; R2, R3 are
independently H, halogen, (C1-C6) alkyl, (C0-C4)
alkylene-O-(C0-C4) alkylene-H, CN, COO(C1-C6) alkyl,
wherein alkyl and alkylene are unsubstituted or mono-,
di- or trisubstituted by F; R4, R5, R6 and R7 are
independently H, (C1-C6) alkyl, (C0-C6)
alkylene-(C3-C6) cycloalkyl, (C0-C6) alkylene-(C6-C14)
aryl, wherein alkyl, alkylene and cycloalkyl are
unsubstituted or mono, di- or trisubstituted by
halogen, (C1- C6) alkyl, (C0-C6)
alkylene-O-(C0-C6)-alkylene-H, CF3, and wherein alkyl
and cycloalkyl are unsubstituted or mono-, di- or
trisubstituted by halogen,CF3, (C1-C6) alkyl and
(C0-C4) alkylene-O-(C0-C4) alkylene-H, and wherein at
least one pair of R4 and R5, R6 and R7 , R5 and R6,
together with the C-atomes to which they are
connected, or R6 together with the ortho C-Atom of the
aromatic ring, form a (C3-C9) cycloalkyl, a
(C3-C9)-heterocycloalkyl wherein cycloalkyl and
heterocycloalkyl are unsubstituted or mono-, di- or
trisubstituted by halogen, CF3, (C1-C6) alkyl and
(C0-C4) alkylene-O-(C0- C4) alkylene-H; in all its
stereoisomeric forms, enantiomeric forms and mixtures
in any ratio, and its physiologically acceptable salts
and tautomeric forms. Another embodiment according to
the invention are compounds of the formula I, wherein
R1 is (C1-C6) alkyl, (C0-C6) alkylene-(C3-C6)
cycloalkyl, (C0-C6) alkylene-(C6- C14) aryl, wherein
alkyl, alkylene, aryl, and cycloalkyl can be
unsubstituted or mono-, di- or trisubstituted by F; in
all its stereoisomeric forms, enantiomeric forms and
mixtures in any ratio, and its physiologically
acceptable salts and tautomeric forms. Another
embodiment according to the invention are compounds of
the formula I, wherein R1 is (C1-C6) alkyl, (C3-C6)
cycloalkyl or (C6-C14) aryl, wherein alkyl can be
unsubstituted or mono-, di- or trisubstituted by F; in
all its stereoisomeric forms, enantiomeric forms and
mixtures in any ratio, and its physiologically
acceptable salts and tautomeric forms.Another
embodiment according to the invention are compounds of
the formula I, wherein R2 and R3 are independently H
halogen, (C1-C6) alkyl, (C0-C4) alkylene-O-(C0-C4)
alkylene-H, wherein alkyl and alkylene are
unsubstituted or mono-, di- or trisubstituted by F; in
all its stereoisomeric forms, enantiomeric forms and
mixtures in any ratio, and its physiologically
acceptable salts and tautomeric forms. Another
embodiment according to the invention are compounds of
the formula I , wherein R2 is H, halogen, (C1-C6)
alkyl, O-(C0-C4) alkylene-H, wherein alkyl and
alkylene 



are unsubstituted or mono-, di- or trisubstituted by
F; and R3 is H; in all its stereoisomeric forms,
enantiomeric forms and mixtures in any ratio, and its
physiologically acceptable salts and tautomeric forms.
Another embodiment according to the invention are
compounds of the formula I, wherein R4, R5, R6 and R7
are independently H or (C1-C6), and wherein at least
one pair of R4 and R5 or R5 and R6 together with the
C-atoms to which they are connected, or R6 together
with the ortho C-atom of the aromatic ring, form a
(C3-C9) cycloalkyl, wherein cycloalkyl is
unsubstituted or monosubstituted by (C1-C6) alkyl; in
all its stereoisomeric forms, enantiomeric forms and
mixtures in any ratio, and its physiologically
acceptable salts and tautomeric forms.Another
embodiment according to the invention are compounds of
the formula I, wherein R 1 is (C1-C6) alkyl, (C3-C6)
cycloalkyl or phenyl, wherein alkyl is unsubstituted
or mono-, di- or trisubstituted by F, R2, R3 are
independently H, halogen, (C1-C6) alkyl, O-(C1-C4)
alkylene-H, wherein alkyl and alkylene are
unsubstituted or mono, di- or trisubstituted by F; R4,
R5, R6 and R7 are independently H, (C1-C6) alkyl,
wherein alkyl is unsubstituted or mono-, di- or
trisubstituted by halogen or (C1-C6) alkyl and wherein
at least one pair of R4 and R5, R6 and R7 , R5 and R6,
together with the C-atoms to which they are connected,
or R6 together with the ortho C-atom of the aromatic
ring, form a (C3-C7) cycloalkyl, wherein cycloalkyl is
unsubstituted or mono-, di- or trisubstituted by
(C1-C6) alkyl; in all its stereoisomeric forms,
enantiomeric forms and mixtures in any ratio, and its
physiologically acceptable salts and tautomeric forms.
Another embodiment according to the invention are
compounds of the formula I , wherein R1 is (C1-C6)
alkyl, which is unsubstituted or mono-, di- or
trisubstituted by F; R2, R3 are H; R4 and R7 are H;
the pair of R5 and R6 together with the C-atoms to
which they are connected form a (C3-C7) cycloalkyl;in
all its stereoisomeric forms, enantiomeric forms and
mixtures in any ratio, and its physiologically
acceptable salts and tautomeric forms. Another
embodiment according to the invention are compounds of
the formula I, wherein R 1 is (C1-C6) alkyl, which is
unsubstituted or mono-, di- or trisubstituted by F;
R2, R3 are H; R6 and R7 are H; the pair of R4 and R5
together with the C-atomes to which they are connected
form a (C3-C7) cycloalkyl; in all its stereoisomeric
forms, enantiomeric forms and mixtures in any ratio,
and its physiologically acceptable salts and
tautomeric forms. Another embodiment according to the
invention are compounds of the formula I, wherein R1
is (C1-C6) alkyl, (C3-C6) cycloalkyl or phenyl,
wherein alkyl is unsubstituted or mono-, di- or
trisubstituted by F; R2 is H, Cl, (C1-C4) alkyl,
O-(C1-C4) alkylene-H, wherein alkyl and alkylene are 



unsubstituted or mono-, di- or trisubstituted by F;
R3, R5, R7 are H; R4 is H or (C1-C4) alkyl;R6 together
with the ortho C-atom of the aromatic ring form a
(C3-C7) cycloalkyl, wherein cycloalkyl is
unsubstituted or substituted by (C1-C4) alkyl; in ail
its stereoisomeric forms, enantiomeric forms and
mixtures in any ratio, and its physiologically
acceptable salts and tautomeric forms. Another
embodiment according to the invention are the
compounds: 4-{1
-[(3-Chloro-5-trifluoromethyl-pyridin-2-ylamino)-methy
l]-cyclohexyl}-N-(5-isopropyl- [ 1
,3,4]thiadiazol-2-yl)-benzenesulfonamide
Trans-4-[2-(3-Chloro-5-trifluoromethyl-pyridin-2-ylami
no)-cyclopentyl]-N-(5-isopropyl- [ 1
,3,4]thiadiazol-2-yl)-benzenesulfonamide
Cis-4-[2-(3-Chloro-5-trifluoromethyl-pyridin-2-ylamino
)-cyclopentyl]-N-(5-isopropyl- [ 1
,3,4]thiadiazol-2-yl)-benzenesulfonamide
4-[2-(3-Chloro-5-trifluoromethyl-pyridin-2-ylamino)-cy
clopentyl]-N-(5-isopropyl- [
1,3,4]thiadiazol-2-yl)-benzenesulfonamide
2-(3-Chloro-5-trifluoromethyl-pyridin-2-ylamino)-indan
-5-sulfonic acid (5-isopropyl- [
1,3,4]thiadiazol-2-yl)-amide
4-{1-[(3-Chloro-5-trifluoromethyl-pyridin-2-ylamino)-m
ethyl]-cyclopentyl}-N-(5- trifluoromethyl-[1
,3,4]thiadiazol-2-yl)-benzenesulfonamide
Trans-4-[2-(3-Chloro-5-trifluoromethyl-pyridin-2-ylami
no)-cyclopentyl]-N-(5- trifluoromethyl- [1
,3,4]thiadiazol-2-yl)-benzenesulfonamide
6-Chloro-2-(3-chloro-5-trifluoromethyl-pyridin-2-ylami
no)-indan-5-sulfonic acid (5- isopropyl-[1
,3,4]thiadiazol-2-yl)-amide2-(3-Chloro-5-trifluorometh
yl-pyridin-2-ylamino)-indan-5-sulfonic acid
(5-trifluoromethyl- [ 1,3,4]thiadiazol-2-yl)-amide
2-(3-Chloro-5-trifluoromethyl-pyridin-2-ylamino)-6-met
hoxy-indan-5-sulfonic acid (5- isopropyl-[1
,3,4]thiadiazol-2-yl)-amide
2-(3-Chloro-5-trifluoromethyl-pyridin-2-ylamino)-indan
-5-sulfonic acid (5-phenyl- [
1,3,4]thiadiazol-2-yl)-amide
2-(3-Chloro-5-trifluoromethyl-pyridin-2-ylamino)-indan
-5-sulfonic acid (5-cyclohexyl- [
1,3,4]thiadiazol-2-yl)-amide
2-(3-Chloro-5-trifluoromethyl-pyridin-2-ylamino)-indan
-5-sulfonic acid (5-cyclopropyl- [ 1
,3,4]thiadiazol-2-yl)-amide
2-(3-Chloro-5-trifluoromethyl-pyridin-2-ylamino)-3-met
hyl-indan-5-sulfonic acid (5- isopropyl-[1
,3,4]thiadiazol-2-yl)-amide
2-(3-Chloro-5-trifluoromethyl-pyridin-2-ylamino)-6-met
hyl-indan-5-sulfonic acid (5- isopropyl-[1
,3,4]thiadiazol-2-yl)-amide
4-{1-[(3-Chloro-5-trifluoromethyl-pyridin-2-ylamino)-m
ethyl]-cyclobutyl}-N-(5-isopropyl- [1
,3,4]thiadiazol-2-yl)-benzenesulfonamide
2-(3-Chloro-5-trifluoromethyl-pyridin-2-ylamino)-6-(2,
2,2-trifluoro-ethoxy)-indan-5- sulfonic acid
(5-isopropyl-[1 ,3,4]thiadiazol-2-yl)-amide This
invention also encompasses all combinations of
preferred aspects of the invention described herein.As
used herein, the term alkyl is to be understood in the
broadest sense to mean saturated hydrocarbon residues
which can be linear, i. e. straight-chain, or
branched. If not otherwise defined alkyl has 1 to 8
carbon atoms. Examples of "-(C1-C8)-alkyl" are alkyl
residues containing 1, 2, 3, 4 , 5, 6, 7 or 8 carbon
atoms are methyl, ethyl, propyl, butyl, pentyl, hexyl,
heptyl or octyl, the n-isomers of all these residues,
isopropyl, isobutyl, 1-methylbutyl, isopentyl,
neopentyl, 2,2-dimethylbutyl, 2-methylpentyl, 3-
methylpentyl, isohexyl, sec-butyl, tert-butyl or
tert-pentyl. The term "-(C0-C6)-alkyl" is a 



hydrocarbon residue containing 1, 2, 3, 4, 5 or 6
carbon atoms, in which the term "-C0- alkyl" is a
covalent bond. All these statements apply also to the
term alkylene. As used herein, the term alkenyl is to
be understood in the broadest sense to mean
hydrocarbon residues which has 1 to 4 double bonds and
can be linear, i. e. straightchain, or branched. If
not otherwise defined alkenyl has 2 to 8 carbon atoms.
Examples of "-(C2-C8)-alkenyl" are alkenyl residues
containing 2, 3 , 4, 5 , 6, 7 or 8 carbon atoms are,
for example vinyl, 1-propenyl, 2-propenyl (= allyl),
2-butenyl, 3- butenyl, 2-methyl-2-butenyl,
3-methyl-2-butenyl, 5-hexenyl or 1,3-pentadienyl. All
these statements apply also to the term alkenylene. As
used herein, the term alkinyl is to be understood in
the broadest sense to mean hydrocarbon residues, which
has 1 to 4 triple bonds and can be linear, i. e.
straightchain, or branched. If not otherwise defined
alkinyl has 2 to 8 carbon atoms. Examples of
"-(C2-C8)-alkinyl" are alkinyl residues containing 2 ,
3, 4 , 5, 6, 7 or 8 carbon atoms are, for example
ethynyl, 1-propynyl, 2-propynyl (= propargyl) or
2-butynyl. All these statements apply also to the term
alkylidene. All these statements also apply if an
alkyl group occurs as a substituent on another
residue, for example in an alkyloxy residue, an
alkyloxycarbonyl residue or an arylalkyl residue. If
not otherwise defined, alkyl, alkylene, alkenyl,
alkenylene, alkinyl and alkinylene are unsubstituted
or mono-, di- or trisubstituted independently of one
another by suitable groups such as, for example: F,
Cl, Br, I , CF3, NO2, CN, COOH,
CO-O-(C0-C4)alkylene-(C6-C10) aryl, CO-O-(C1-C4)
alkyl, CO-O-(C0-C4) alkylene-(C3- C 13)cycloalkyl,
CO-O-(C0-C4) alkylene-(C3-C15)heterocycle,
CO-N((C0-C4) alkylene- H)-(C0-C4) alkylene- (C6-C10)
aryl, CO-N((C0-C4) alkylene-H)-(C0-C4) alkylene-H,
CO-N((C0-C4) alkylene-H)-(C0-C4) alkylene- (C3-C1
3)cycloalkyl, CO-N((C0-C4) alkylene-H)-(C0-C4)
alkylene- (C3-C15) heterocycle, (C0-C4) alkylene-(C3-
C6)cycloalkyl, (C0-C4) alkylene-(C6-C10)aryl, (C0-C4)
alkylene-(C3-C15)heterocycle, (C2-C6)-alkenyl,
(C2-C6)-alkinyl, O-(C0-C6)-alkyl, O-(C0-C4)
alkylene-(C6-C10) aryl, O-(C0-C4)
alkylene-(C3-C12)cycloalkyl, O-(C0-C4)
alkylene-(C3-C15)heterocycle, OCO- O-(C0-C4)
alkylene-(C6-C10) aryl, 0-CO-O-(C 1-C4) alkyl,
O-CO-O-(C0-C4) alkylene-(C3-C13)cycloalkyl,
O-CO-O-(C0-C4) alkylene-(C3-C15)heterocycle, S-(CIC4)
alkyl, S-(C0-C4) alkylene-(C3-C13)cycloalkyl,
S-(C0-C4) alkylene-(C6-C10) aryl, S- (C0-C4)
alkylene-(C3-C15) heterocycle, SO-(CI -C4)alkyl,
SO-(C0-C4) alkylene-(C3- C13)cycloalkyl, SO-(C0-C4)
alkylene-(C6-C10) aryl, SO-(C0-C4) alkylene-(C3-C15)
heterocycle, SO2-(C1-C4)alkyl, SO2-(C0-C4)
alkylene-(C3-C13)cycloalkyl, SO2-(C0- C4)
alkylene-(C6-C10) aryl, SO2-(C0-C4) alkylene-(C3-C15)
heterocycle, SO2-N((C0-
C4)alkylene-H)-(C0-C4)alkylene-(C6-C10)aryl,
SO2-N((C0-C4)alkylene-H)-(C0- C4)alkylene-H,
SO2-N((C0-C4)
alkylene-H)-(C0-C4)alkylene-(C3-C13)cycloalkyl, SO2-
N((C0-C4)alkylene-H)-(C0-C4)alkylene-(C3-C1
5)heterocyclewhere the aryl ring or heterocyclic ring
is unsubstituted or mono- or disubstituted by F, Cl,
Br, OH, CF3, NO2, CN, OCF3, O-(C1-C6)-alkyl,
(C1-C6)-alkyl,
N((C0-C4)-alkylene-H)-(C0-C4)-alkylene-H;
N((C0-C4)-alkylene-H)-(C0-C4)-alkylene-H, N((C0-C4)
alkylene-H)-(C0-C4)alkylene- H)-(C1-C6)cycloalkyl,
N((C0-C4)alkylene-H)-(C0-C4)alkylene-(C6-C12)-aryl,
N((C0- C4)alkylene-H)-(C0-C4)alkylene-(C3-C1
5)heterocycle, N((C0-C4) alkylene-H)-CO-
(C0-C4)alkylene-(C6-C12)-aryl,
N((C0-C4)alkylene-H)-CO-(C0-C4)alkyl, N((C0-
C4)alkylene-H)-CO-(C0-C4)alkylene-(C3-C1 3)cycloalkyl,
N((C0-C4)alkylene-H)-CO- (C0-C4)alkylene-(C3-C
15)heterocycle, N((C0-C4) alkylene-H)-CO-O-(C0-
C4)alkylene-(C6-C12)-aryl,
N((C0-C4)alkylene-H)-CO-O-(C0-C4)alkyl, N((C0-
C4)alkylene-H)-CO-O-(C0-C4)alkylene-(C3-C13)cycloalkyl
, N((C0-C4)alkylene-H)- 



CO-O-(C0-C4)alkylene-(C3-C1 5)heterocycle, N((C0-C4)
alkylene-H)-CO-N((C0-C4)-
alkylene-H)-(C0-C4)alkylene-(C6-C12)-aryl,
N((C0-C4)alkylene-H)-CO-N((C0-C4)-
alkylene-H)-(C0-C4)alkyl,
N((C0-C4)alkylene-H)-CO-N((C0-C4)-alkylene-H)-(C0-
C4)alkylene-(C3-C13)cycloalkyl,
N((C0-C4)alkylene-H)-CO-N((C0-C4)-alkylene-H)-(C0-C4)a
lkylene-(C3-C15)heterocycle, where the aryl ring or
heterocyclic ring is unsubstituted or mono- or
disubstituted by F, Cl, Br, I, OH, CF3, NO2, CN, OCF3,
O- (C1-C6)-alkyl, (C1-C6)-alkyl,
N((C0-C4)-alkylene-H)-(C0-C4)-alkylene-H, SO2-CH3,
COOH, COO-(C1-C6)-alkyl, SF5, CONH2. The term
cycloalkyl is to be understood to mean saturated
hydrocarbon cycle containing from 3 to 13 carbon atoms
in a mono- or bicyclic, fused, bridged or spirocyclic
ring. Examples of (C3-C13)-cycloalkyl cyclic alkyl
residues are cycloalkyl residues containing 3, 4, 5,
6, 7, 8, 9, 10, 11, 12 or 13 ring carbon atoms like
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,
cycloheptyl, cyclooctyl, cyclononyl, cyclodecyl,
cycloundecyl or cyclododecyl. The term cycloalkyl also
includes bicyclic groups in which any of the above
cycloalkyl ring is fused to a benzene ring, for
example indane and 1,2,3,4-tetrahydronaphthalene. The
term cycloalkenyl is to be understood to mean
unsaturated hydrocarbon cycle containing from 3 to 8
carbon atoms in a mono- or bicyclic , fused or bridged
ring, wherein the one, two or three double bonds are
not located within a cyclic alkyl group in such a
manner that an aromatic system results. Examples of
unsaturated cycloalkenyl groups are cyclopentenyl or
cyclohexenyl, which can be bonded via any carbon atom.
The term cycloalkenyl also includes bicyclic groups in
which any of the above cycloalkenyl ring is fused to a
benzene ring, for example 1,2- dihydronaphthalene,
1,4-dihydronaphthalene and 1H-indene. If not otherwise
defined cycloalkyl or cycloalkenyl are unsubstituted
or mono-, di- or trisubstituted independently of one
another by suitable groups such as, for example: F,
Cl, Br, I CF3, NO2, CN, COOH, CO-O-(C0-C4)
alkylene-(C6-C10) aryl, CO-O-(CI -C4) alkyl,
CO-O-(C0-C4) alkylene-(C3-C13)cycloalkyl, CO-O-(C0-C4)
alkylene-(C3- C15)heterocycle,, CO-N((C0-C4)
alkylene-H)-(C1-C6)alkylene-H, CO-N((C0-C4)
alkylene-HHC1-C6)cycioalkyl, CON((C0-C4)
alkylene-H)-(C0-C4)alkylene-(C6-C12)- aryl, (C0-C4)
alkylene-(C3-C6)cycloalkyl, (C3-C6)alkyl,
(C2-C6)-alkenyl, (C2-C6)- alkinyl, (C0-C4)
alkylene-(C6-C1 0)aryl, (C0-C4)
alkylene-(C3-C15)heterocycle, 0-(COC6)- alkyl, (C0-C4)
alkylene-O-(C0-C4) alkyl, (C0-C4) alkylene-O-(C0-C4)
alkylene(C3-C13)cycloalkyl, (C0-C4) alkylene-O-(C0-C4)
alkylene-(C6-C10)aryl, (C0-C4) alkylene-O-(C0-C4)
alkylene-(C3-C15)heterocycle, O-CO-O-(C0-C4)
alkylene-(C6- C10) aryl, 0-CO-O-(C 1-C4) alkyl,
O-CO-O-(C0-C4) alkylene-(C3-C13)cycloalkyl, OCO-
O-(C0-C4) alkylene-(C3-C15)heterocycle, O-CO-N((C0-C4)
alkylene-H)-(C0-C4) alkylene- (C6-C10) aryl,
O-CO-N((C0-C4) alkylene-H)-(C0-C4) alkylene-H, O-CON((
C0-C4) alkylene-H)-(C0-C4) alkylene-
(C3-C13)cycloalkyl, O-CO-N((C0-C4) alkylene-H)-(C0-C4)
alkylene- (C3-C15) heterocycle,S-(C1-C4)alkyl,
S-(C0-C4) alkylene-(C3-C13)cycloalkyl, S-(C0-C4)
alkylene-(C6-C10) aryl, S-(C0-C4) alkylene- (C3-C15)
heterocycle, SO-(CI -C4)alkyl, SO-(C0-C4)
alkylene-(C3-C13)cycloalkyl, SO- (C0-C4)
alkylene-(C6-C1 0) aryl, SO-(C0-C4) alkylene-(C3-C1 5)
heterocycle, SO2-(C1 - C4)alkyl, SO2-(C0-C4)
alkylene-(C3-C13)cycloalkyl, SO2-(C0-C4)
alkylene-(C6-C10) aryl, SO2-(C0-C4) alkylene-(C3-C15)
heterocycle, SO2-N((C0-C4)alkylene-H)-(C0-
C4)alkylene-(C6-C1 0)aryl,
SO2-N((C0-C4)alkylene-H)-(C0-C4)alkylene-H, SO2-N((C0-
C4) alkylene-H)-(C0-C4)alkylene-(C3-C1 3)cycloalkyl,
SO2-N((C0-C4)alkylene-H)-(C0-
C4)alkylene-(C3-C15)heterocycle, where the aryl ring
or heterocyclic ring is unsubstituted or mono- or
disubstituted by F, Cl, Br, OH, CF3, NO2, CN, OCF3, O-
(C1-C6)-alkyl, (C1-C6)-alkyl,
N((C0-C4)-alkylene-H)-(C0-C4)-alkylene-H; 



N((C0-C4)-alkylene-H)-(C0-C4)-alkylene-H, N((C0-C4)
alkylene-H)-(C0-C4)alkylene- H)-(CI -C6)cycloalkyl,
N((C0-C4)alkylene-H)-(C0-C4)alkylene-(C6-C12)-aryl,
N((C0-
C4)alkylene-H)-(C0-C4)alkylene-(C3-C15)heterocycle,
N((C0-C4) alkylene-H)-CO- (C0-C4)alkylene-(C6-C1
2)-aryl, N((C0-C4)alkylene-H)-CO-(C0-C4)alkyl, N((C0-
C4)alkylene-H)-CO-(C0-C4)alkylene-(C3-C13)cycloalkyl,
N((C0-C4)alkylene-H)-CO- (C0-C4)alkylene-(C3-C1
5)heterocycle, N((C0-C4) alkylene-H)-CO-O-(C0-
C4)alkylene-(C6-C1 2)-aryl,
N((C0-C4)alkylene-H)-CO-O-(C0-C4)alkyl, N((C0-
C4)alkylene-H)-CO-O-(C0-C4)alkylene-(C3-C1
3)cycloalkyl, N((C0-C4)alkylene-H)-
CO-O-(C0-C4)alkylene-(C3-C1 5)heterocycle, N((C0-C4)
alkylene-H)-CO-N((C0-C4)-
alkylene-H)-(C0-C4)alkylene-(C6-C12)-aryl,
N((C0-C4)alkylene-H)-CO-N((C0-C4)-
alkylene-H)-(C0-C4)alkyl,
N((C0-C4)alkylene-H)-CO-N((C0-C4)-alkylene-H)-(C0-
C4)alkylene-(C3-C1 3)cycloalkyl,
N((C0-C4)alkylene-H)-CO-N((C0-C4)-alkylene-H)-
(C0-C4)alkylene-(C3-C1 5)heterocycle, where the aryl
or heterocyclic ring is unsubstituted or mono- or
disubstituted by F, Cl, Br, I, OH, CF3, NO2, CN, OCF3,
O(C1-C6)-alkyl, (C1-C6)-alkyl,
N((C0-C4)-alkylene-H)-(C0-C4)-alkylene-H,SO2-CH3,
COOH, COO-(CI -C6)-alkyl, SF5, CONH2. The term "aryl"
is understood to mean aromatic hydrocarbon ring
containing from 6 to 14 carbon atoms in a mono- or
bicyclic ring. Examples of (C6-C14)-aryl rings are
phenyl, naphthyl, for example 1-naphthyl and
2-naphthyl, biphenylyl, for example 2- biphenylyl,
3-biphenylyl and 4-biphenylyl, anthryl or fluorenyl.
Biphenylyl rings, naphthyl ringand, in particular,
phenyl ringare further embodiments of aryl ring. The
terms heterocycle is understood to mean saturated
(heterocycloalkyl), partly unsaturated
(heterocycloalkenyl) or unsaturated (heteroaryl)
hydrocarbon rings containing from 3 to 15 carbon atoms
in a mono- or bicyclic , fused, bridged or
spirocyclicring in which 1 to 5 carbon atoms of the 3
to 15 ring carbon atoms are replaced by heteroatoms
such as nitrogen, oxygen or sulfur in which further
the heteroatoms can be oxidized, for example N=O, S=O,
SO2. Examples of heterocycles are acridinyl, azaindole
(I H-pyrrolopyridinyl), azabenzimidazolyl,
azaspirodecanyl, azepinyl, azetidinyl, aziridinyl,
benzimidazolyl, benzofuranyl, dihydrobenzofuranyl,
benzothiofuranyl, benzothiophenyl, benzoxazolyl,
benzthiazolyl, benztriazolyl, benztetrazolyl,
benzisoxazolyl, benzisothiazolyl, carbazolyl,
4aH-carbazolyl, carbolinyl, chromanyl, chromenyl,
cinnolinyl, decahydrochinolinyl,
4,5-dihydrooxazolinyl, dioxazolyl, dioxazinyl,
1,3-dioxolanyl, 1,3-dioxolenyl, 3,3-dioxo[1
,3,4]oxathiazinyl, 6H- 1,5,2-dithiazinyl,
dihydrofuro[2,3-b]-tetrahydrofuranyl, furanyl,
furazanyl, imidazolidinyl, imidazolinyl, imidazolyl,
1H-indazolyl, indolinyl, indolizinyl, indolyl,
3H-indolyl, isobenzofuranyl, isochromanyl,
isoindazolyl, isoindolinyl, isoindolyl, isoquinolinyl
(benzimidazolyl), isothiazolyl, isothiazolidinyl,
isothiazolinyl, isoxazolyl, isoxazolinyl,
isoxazolidinyl, 2-isoxazolinyl, ketopiperazinyl,
morpholinyl, naphthyridinyl, octahydroisoquinolinyl,
oxadiazolyl, 1,2,3-oxadiazolyl, 1,2,4-oxadiazolyl,
1,2,5- oxadiazolyl, 1,3,4-oxadiazolyl,
1,2-oxa-thiepanyl, 1,2-oxathiolanyl, 1,4-oxazepanyl,
1,4- oxazepinyl, 1,2-oxazinyl, 1,3-oxazinyl,
1,4-oxazinyl, oxazolidinyl, oxazolinyl, oxazolyl,
oxetanyl, oxocanyl, phenanthridinyl, phenanthrolinyl,
phenazinyl, phenothiazinyl, phenoxathiinyl,
phenoxazinyl, phthalazinyl, piperazinyl, piperidinyl,
pteridinyl, purinyl, pyranyl, pyrazinyl,
pyrazolidinyl, pyrazolinyl, pyrazolyl, pyridazinyl,
pyridooxazolyl,pyridoimidazolyl, pyridothiazolyl,
pyridinyl, pyridyl, pyrimidinyl, pyrrolidinyl,
pyrrolidinonyl, pyrrolinyl, 2H-pyrrolyl, pyrrolyl,
quinazolinyl, quinolinyl, 4H-quinolizinyl,
quinoxalinyl, quinuclidinyl, tetrahydrofuranyl,
tetrahydroisoquinolinyl, tetrahydroquinolinyl,
tetrahydrofuranyl, tetrahydropyranyl,
tetrahydropyridinyl, tetrahydrothiophenyl, tetrazinyl,
tetrazolyl, 6H-1 ,2,5-thiadiazinyl,
1,2,3-thiadiazolyl, 1,2,4-thiadiazolyl,
1,2,5-thiadiazolyl, 1,3,4-thiadiazolyl, thianthrenyl,
1,2-thiazinyl, 1,3- 



thiazinyl, 1,4-thiazinyl, 1,3-thiazolyl, thiazolyl,
thiazolidinyl, thiazolinyl, thienyl, thietanyl,
thienothiazolyl, thienooxazolyl, thienoimidazolyl,
thiomorpholinyl, thiophenolyl, thiophenyl,
thiopyranyl, 1,2,3-triazinyl, 1,2,4-triazinyl,
1,3,5-triazinyl, 1,2,3-triazolyl, 1,2,3-triazolyl,
1,2,4-triazolyl, 1,2,5-triazolyl, 1,3,4-triazolyl and
xanthenyl. The heterocyclic rings are unsubstituted or
mono-, di- or trisubstituted by suitable groups such
as, for example: F, Cl, Br, I, CF3, NO2, CN, COOH,
CO-O-(C0-C4) alkylene-(C6-C10) aryl, CO-O-(CI -C4)
alkyl, CO-O-(C0-C4) alkylene-(C3- C13)cycloalkyl,
CO-O-(C0-C4) alkylene-(C3-C15)heterocycle,,
CO-N((C0-C4) alkylene-H)-(C1-C6)alkylene-H,
CO-N((C0-C4) alkylene-H)-(C1-C6)cycloalkyl,
CON((C0-C4) alkylene-H)-(C0-C4)alkylene-(C6-C12)-aryl,
(C0-C4) alkylene-(C3- C6)cycloalkyl, (C3-C6)alkyl,
(C2-C6)-alkenyl, (C2-C6)-alkinyl, (C0-C4)
alkylene-(C6- C10)aryl, (C0-C4)
alkylene-(C3-C15)heterocycle, O-(C0-C6)-alkyl, (C0-C4)
alkylene-O- (C0-C4) alkyl, (C0-C4) alkylene-O-(C0-C4)
alkylene-(C3-C13)cycloalkyl, (C0-C4)
alkylene-O-(C0-C4) alkylene-(C6-C10)aryl, (C0-C4)
alkylene-O-(C0-C4) alkylene-(C3- C15)heterocycle,
O-CO-O-(C0-C4) alkylene-(C6-C10) aryl, O-CO-O-(C1-C4)
alkyl, OCO- O-(C0-C4) alkylene-(C3-C13)cycloalkyl,
O-CO-O-(C0-C4) alkylene-(C3- C15)heterocycle,
O-CO-N((C0-C4) alkylene-H)-(C0-C4) alkylene- (C6-C10)
aryl, OCO- N((C0-C4) alkylene-H)-(C0-C4) alkylene-H,
O-CO-N((C0-C4) alkylene-H)-(C0-C4) alkylene-
(C3-C13)cycloalkyl, O-CO-N((C0-C4) alkylene-H)-(C0-C4)
alkylene- (C3- C15) heterocycle,S-(C1-C4)alkyl,
S-(C0-C4) alkylene-(C3-C13)cycloalkyl, S-(C0-C4)
alkylene-(C6-C10) aryl, S-(C0-C4) alkylene-(C3-C15)
heterocycle, SO-(CI -C4)alkyl, SO-(C0-C4)
alkylene-(C3-C13)cycloalkyl, SO-(C0-C4)
alkylene-(C6-C10) aryl, SO-(COC4) alkylene-(C3-C15)
heterocycle, SO2-(C1-C4)alkyl, SO2-(C0-C4)
alkylene-(C3- C13)cycloalkyl, SO2-(C0-C4)
alkylene-(C6-C10) aryl, SO2-(C0-C4) alkylene-(C3-C15)
heterocycle,
SO2-N((C0-C4)alkylene-H)-(C0-C4)alkylene-(C6-C1
0)aryl, SO2-N((C0-C4)alkylene-H)-(C0-C4)alkylene-H,
SO2-N((C0-C4) alkylene-H)-(C0-C4)alkylene-(C3- C
13)cycloalkyl,
SO2-N((C0-C4)alkylene-H)-(C0-C4)alkylene-(C3-C1
5)heterocycle, where the aryl ring or heterocyclic
ring is unsubstituted or mono- or disubstituted by F,
Cl, Br OH, CF3, NO2, CN, OCF3, O-(C1-C6)-alkyl,
(C1-C6)-alkyl, N((C0-C4)-aikylene-
H)-(C0-C4)-alkylene-H,;
N((C0-C4)-alkylene-H)-(C0-C4)-alkylene-H, N((C0-C4)
alky!ene-H)-(C0-C4)alkylene- H)-(CI -C6)cycloalkyl,
N((C0-C4)alkylene-H)-(C0-C4)alkylene-(C6-C12)-aryl,
N((C0- C4)alkylene-H)-(C0-C4)alkylene-(C3-C1
5)heterocycle, N((C0-C4) alkylene-H)-CO-(C0-
C4)alkylene-(C6-C12)-aryl,
N((C0-C4)alkylene-H)-CO-(C0-C4)alkyl, N((C0-
C4)alkylene-H)-CO-(C0-C4)alkylene-(C3-C1 3)cycloalkyl,
N((C0-C4)alkylene-H)-CO- (C0-C4)alkylene-(C3-C1
5)heterocycle, N((C0-C4)
alkylene-H)-CO-O-(C0-C4)alkylene- (C6-C1 2)-aryl,
N((C0-C4)alkylene-H)-CO-O-(C0-C4)alkyl,
N((C0-C4)alkylene-H)-COO-(
C0-C4)alkylene-(C3-C13)cycloalkyl,
N((C0-C4)alkylene-H)-CO-O-(C0-C4)alkylene- (C3-C1
5)heterocycle, N((C0-C4)
alkylene-H)-CO-N((C0-C4)-alkylene-H)-(C0-
C4)alkylene-(C6-C1 2)-aryl,
N((C0-C4)alkylene-H)-CO-N((C0-C4)-alkylene-H)-(C0-
C4)alkyl,
N((C0-C4)alkylene-H)-CO-N((C0-C4)-alkylene-H)-(C0-C4)a
lkylene-(C3- C 13)cycloalkyl,
N((C0-C4)alkylene-H)-CO-N((C0-C4)-alkylene-H)-(C0-C4)a
lkylene- (C3-C15)heterocycle, where the aryl or
heterocyclic ring is unsubstituted or mono- or
disubstituted by F, Cl, Br, I , OH, CF3, NO2, CN,
OCF3, O-(C1-C6)-alkyl, (C1-C6)-alkyl,
N((C0-C4)-alkylene-H)-(C0-C4)-alkylene-H,SO2-CH3,
COOH, COO-(CI -C6)-alkyl, SF5, CONH2. The term
"oxo-residue" or "=O" refers to residues such as
carbonyl (-CO-), nitroso (- N=O), sulfinyl (-SO- or
sulfonyl (-SO2-). Halogen is fluorine, chlorine,
bromine or iodine. 



Optically active carbon atoms present in the compounds
of the formula I can independently of each other have
R configuration or S configuration. The compounds of
the formula I can be present in the form of pure
enantiomers or pure diastereomers or in the form of
mixtures of enantiomers and/or diastereomers, for
example in the form of racemates. The present
invention relates to pure enantiomers and mixtures
ofenantiomers as well as to pure diastereomers and
mixtures of diastereomers. The invention comprises
mixtures of two or of more than two stereoisomers of
the formula I and it comprises all ratios of the
stereoisomers in the mixtures. In case the compounds
of the formula I can be present as E isomers or Z
isomers (or cis isomers or trans isomers) the
invention relates both to pure E isomers and pure Z
isomers and to E/Z mixtures in all ratios. The
invention also comprises all tautomeric forms of the
compounds of the formula I. Diastereomers, including
E/Z isomers, can be separated into the individual
isomers, for example, by chromatography. Racemates can
be separated into the two enantiomers by customary
methods, for example by chromatography on chiral
phases or by resolution, for example by
crystallization of diastereomeric salts obtained with
optically active acids or bases. Stereochemically
uniform compounds of the formula I can also be
obtained by employing stereochemically uniform
starting materials or by using stereoselective
reactions. The compounds of the formula I may exist in
the form of their racemates, racemic mixtures, pure
enantiomers, diastereomers and mixtures of
diastereomers as well in their tautomeric forms. The
present invention encompasses all these isomeric and
tautomeric forms of the compounds of the formula I.
These isomeric forms can be obtained by known methods
even if not specifically described in some cases.
Pharmaceutically acceptable salts are, because their
solubility in water is greater than that of the
initial or basic compounds, particularly suitable for
medical applications. These salts must have a
pharmaceutically acceptable anion or cation. Suitable
pharmaceutically acceptable acid addition salts of the
compounds of the invention are salts of inorganic
acids such as hydrochloric acid, hydrobromic,
phosphoric, metaphosphoric, nitric and sulfuric acid,
and of organic acids such as, for example, acetic
acid, benzenesulfonic, benzoic, citric,
ethanesulfonic, fumaric, gluconic, glycolic,
isethionic, lactic, lactobionic, maleic, malic,
methanesulfonic, succinic, p-toluenesulfonic and
tartaric acid. Suitable pharmaceutically acceptable
basic salts are ammonium salts, alkali metal salts
(such as sodium and potassium salts), alkalineearth
metal salts (such as magnesium and calcium salts), and
salts of trometamol (2-amino-2-hydroxymethyl-1
,3-propanediol), diethanolamine, lysine or
ethylenediamine. Salts with a pharmaceutically
unacceptable anion such as, for example,
trifluoroacetate likewise belong within the framework
of the invention as useful intermediates for the
preparation or purification of pharmaceutically
acceptable salts and/or for use in nontherapeutic, for
example in vitro, applications. The term
"physiologically functional derivative" used herein
refers to any physiologically tolerated derivative of
a compound of the formula I of the invention, for
example an ester, which on administration to a mammal
such as, for example, a human is able to form
(directly or indirectly) a compound of the formula I
or an active metabolite thereof. Physiologically
functional derivatives also include prodrugs of the
compounds of the invention, as described, for example,
in H. Okada et al., Chem. Pharm. Bull. 1994, 42, 57-61
. Such prodrugs can be metabolized in vivo to a
compound of the invention. These prodrugs may
themselves be active or not. 



The compounds of the invention may also exist in
various polymorphous forms, for example as amorphous
and crystalline polymorphous forms. All polymorphous
forms of the compounds of the invention belong within
the framework of the invention and are a further
aspect of the invention. All references to
"compound(s) of formula I" hereinafter refer to
compound(s) of the formula I as described above, and
their salts, solvates and physiologically functional
derivatives as described herein. Use This invention
relates further to the use of compounds of the formula
I and theirpharmaceutical compositions as PPAR
ligands. The PPAR ligands of the invention are
suitable as modulators of PPAR activity. Peroxisome
proliferator-activated receptors (PPAR) are
transcription factors which can be activated by
ligands and belong to the class of nuclear hormone
receptors. There are three PPAR isoforms, PPARalpha,
PPARgamma and PPARdelta (identical to PPARbeta), which
are encoded by different genes (Peroxisome
proliferator-activated receptor (PPAR): structure,
mechanisms of activation and diverse functions:
Motojima K., Cell Struct Fund., 1993, 18(5), 267-77).
In humans, PPARgamma exists in three variants,
PPARgamma , gamma2, and gamma3, which are the result
of alternative use of promoters and differential mRNA
splicing. Different PPARs have different tissue
distribution and modulate different physiological
functions. The PPARs play a key role in various
aspects of the regulation of a large number of genes,
the products of which genes are directly or indirectly
crucially involved in lipid and carbohydrate
metabolism. Thus, for example, the PPARalpha receptor
plays an important part in the regulation of fatty
acid catabolism or lipoprotein metabolism in the
liver, while PPARgamma is crucially involved for
example in regulating adipose cell differentiation. In
addition, however, PPARs are also involved in the
regulation of many other physiological processes,
including those which are not directly connected with
carbohydrate or lipid metabolism. The activity of
different PPARs can be modulated by various fatty
acids, fatty acid derivatives and synthetic compounds
to varying extents. For relevant reviews about
functions, physiological effects and pathophysiology,
see: Berger, J. et al., Annu. Rev. Med., 2002, 53,
409-435; Wilson, T. et al., J. Med. Chem., 2000, 43
(4), 527-550; Kliewer, S. et al., Recent Prog Horm
Res., 2001 , 56, 239-63; Moller, D.E. and Berger,
J.P., lnt J Obes Relat Metab Disord., 2003, 27 Suppl
3, 17-21 ; Ram, VJ. , Drugs Today, 2003,
39(8),609-32). Among the three PPAR-isoforms the
physiological functions of PPARdelta have long
remained an enigma. The first proposed pharmacological
role for PPARdelta has been the regulation of
cholesterol homeostasis. It was shown that the
somewhat selectivePPARdelta ligand L-1 65041 raises
plasma cholesterol in a diabetic animal model (Berger
J. et al., J. Biol. Chem., 1999, 274, 6718-6725;
Leibowitz M.D. et al., FEBS Lett., 2000, 473(3),
333-336). In obese, insulin resistant rhesus monkeys,
the potent and selective PPARdelta ligand GW501516
raises HDL-cholesterol, decreases plasma
LDL-cholesterol, triglycerides and insulin levels
(Oliver, W. et al., Proc. Natl. Acad. ScL, 2001 , 98,
5306-531 1). The dual PPARdelta/PPARalpha agonist
YM-16638 significantly lowers plasma lipids in rhesus
and cynomolgus monkeys (Goto, S. et al., Br. J.
Pharm., 1996, 118, 174-178) and acts in a similar
manner in two weeks clinical trials in healthy
volunteers (Shimokawa, T. et al., Drug Dev. Res.,
1996, 38, 86-92). More recent publications underline
that PPARdelta is an important target for the
treatment of dyslipidemia, insulin resistance, type 2
diabetes, atherosclerosis and syndrom X (Wang,Y-X. et
al., Cell, 2003, 113, 159-170; Luquet, S. et al.,
FASEB J., 



2003, 17, 209-226 ; Tanaka, T. et al., PNAS, 2003,
100, 15924-1 5929 ; Hoist, D. et al., BioChem.
Biophys. Acta, 2003, 1633, 43-50; Dressel, U. et al.,
MoI. Endocrin., 2003, 17, 2477-2493 ; Lee, CH. et al.,
Science, 2003, 302, 453-457). Besides its actions as a
regulator of the lipid-, glucose- and
cholesterol-metabolism PPARdelta is known to play a
role in embryonic development, implantation and bone
formation (Lim, H. and Dey, S.K., Trends Endocrinol
Metab., 2000, 11(4), 137-42; Ding, N.Z. et al., MoI
Reprod Dev., 2003, 66(3), 218-24; Mano, H. et al., J
Biol Chem., 2000, 275(1 1), 8126-32). Numerous
publications demonstrate that PPARdelta is triggering
proliferation and differentiation of keratinocytes
which points to its role in skin disorders and wound
healing (Di-Poi, N. et al., J Steroid Biochem MoI
Biol., 2003, 85(2-5), 257-65; Tan, N.S. et al., Am J
Clin Dermatol., 2003,4(8), 523-30; Wahli, W., Swiss
Med WkIy., 2002, 132(7-8),83-91). PPARdelta appears to
be significantly expressed in the CNS; however much of
its function there still remains undiscovered. Of
singular interest however, is the discovery that
PPARdelta was expressed in rodent oligodendrocytes,
the major lipid producing cells of the CNS (J.
Granneman, et al., J. Neurosci. Res., 1998, 5 1, 563-
573). Moreover, it was also found that a PPARdelta
selective agonist was found to significantly increase
oligodendroglial myelin gene expression and myelin
sheathdiameter in mouse cultures (I. Saluja et al.,
Glia, 2001 , 33, 194-204). Thus, PPARdelta activators
may be of use for the treatment of demyelinating and
dysmyelinating diseases. The use of peroxisome
proliferator activated receptor delta agonists for the
treatment of MS and other demyelinating diseases can
be shown as described in WO2005/097098. Demyelinating
conditions are manifested in loss of myelin - the
multiple dense layers of lipids and protein which
cover many nerve fibers. These layers are provided by
oligodendroglia in the central nervous system (CNS),
and Schwann cells in the peripheral nervous system
(PNS). In patients with demyelinating conditions,
demyelination may be irreversible; it is usually
accompanied or followed by axonal degeneration, and
often by cellular degeneration. Demyelination can
occur as a result of neuronal damage or damage to the
myelin itself - whether due to aberrant immune
responses, local injury, ischemia, metabolic
disorders, toxic agents, or viral infections (Prineas
and McDonald, Demyelinating Diseases. In Greenfield's
Neuropathology, .sup.th ed. (Edward Arnold: New York,
1997) 813-81 1, Beers and Berkow, eds., The Merck
Manual of Diagnosis and Therapy, 17.sup.th ed.
(Whitehouse Station, NJ. : Merck Research
Laboratories, 1999) 1299, 1437, 1473-76, 1483).
Central demyelination (demyelination of the CNS)
occurs in several conditions, often of uncertain
etiology, that have come to be known as the primary
demyelinating diseases. Of these, multiple sclerosis
(MS) is the most prevalent. Other primary
demyelinating diseases include adrenoleukodystrophy
(ALD), adrenomyeloneuropathy, AIDSvacuolar myelopathy,
HTLV-associated myelopathy, Leber's hereditary optic
atrophy, progressive multifocal leukoencephalopathy
(PML), subacute sclerosing panencephalitis,
Guillian-Barre syndrome and tropical spastic
paraparesis. In addition, there are acute conditions
in which demyelination can occur in the CNS, e.g.,
acute disseminated encephalomyelitis (ADEM) and acute
viral encephalitis. Furthermore, acute transverse
myelitis, a syndrome in which an acute spinal cord
transection of unknown cause affects both gray and
white matter in one or more adjacent thoracic
segments, can also result in demyelination. Also,
disorders in which myelin forming glial cells are
damaged including spinal cord injuries, neuropathies
and nerve injury.The present invention relates to
compounds of the formula I suitable for modulating the



activity of PPARs, especially the activity of
PPARdelta and PPARalpha. Depending on the modulation
profile, the compounds of the formula I are suitable
for the treatment, control and prophylaxis of the
indications described hereinafter, and for a number of
other pharmaceutical applications connected thereto
(see, for example, Berger, J., et al., Annu. Rev.
Med., 2002, 53, 409-435; Wilson, T. et al., J. Med.
Chem., 2000, 43(4), 527-550; Kliewer, S. et al.,
Recent Prog Horm Res., 2001 , 56, 239-63; Fruchart,
J.C. et al., 2001 , Pharmacological Research, 44(5),
345-52; Kersten, S. et al., Nature, 2000, 405,
421-424; Torra, I .P. et al., Curr Opin Lipidol, 2001
,12, 245-254). Compounds of this type are particularly
suitable for the treatment and/or prevention of: 1. -
Disorders of fatty acid metabolism and glucose
utilization disorders. - Disorders in which insulin
resistance is involved 2. Diabetes mellitus,
especially type 2 diabetes, including the prevention
of the sequelae associated therewith. Particular
aspects in this connection are - hyperglycemia, -
improvement in insulin resistance, - improvement in
glucose tolerance, - protection of the pancreatic b
cells - prevention of macro- and microvascular
disorders 3. Dyslipidemias and their sequelae such as,
for example, atherosclerosis, coronary heart disease,
cerebrovascular disorders etc, especially those (but
not restricted thereto) which are characterized by one
or more of the following factors: - high plasma
triglyceride concentrations, high postprandial plasma
triglyceride concentrations, - low HDL cholesterol
concentrations - low ApoA lipoprotein concentrations -
high LDL cholesterol concentrations - small dense LDL
cholesterol particles- high ApoB lipoprotein
concentrations 4. Various other conditions which may
be associated with the metabolic syndrome, such as: -
obesity (excess weight), including central obesity -
thromboses, hypercoagulable and prothrombotic states
(arterial and venous) - high blood pressure - heart
failure such as, for example (but not restricted
thereto), following myocardial infarction,
hypertensive heart disease or cardiomyopathy 5.
Disorders or conditions in which inflammatory
reactions are involved: - atherosclerosis such as, for
example (but not restricted thereto), coronary
sclerosis including angina pectoris or myocardial
infarction, stroke - vascular restenosis or
reocclusion - chronic inflammatory bowel diseases such
as, for example, Crohn's disease and ulcerative
colitis - asthma - lupus erythematosus (LE) or
inflammatory rheumatic disorders such as, for example,
rheumatoid arthritis - other inflammatory states 6.
Disorders of cell cycle or cell differentiation
processes: - adipose cell tumors - lipomatous
carcinomas such as, for example, liposarcomas 



- solid tumors and neoplasms such as, for example (but
not restricted thereto), carcinomas of the
gastrointestinal tract, of the liver, of the biliary
tract and of the pancreas, endocrine tumors,
carcinomas of the lungs, of the kidneys and the
urinary tract, of the genital tract, prostate
carcinomas etc - acute and chronic myeloproliferative
disorders and lymphomas - angiogenesis 7.
Demyelinating and other neurodegenerative disorders of
the central and peripheralnervous systems including: -
Alzheimer's disease - multiple sclerosis - Parkinson's
disease - adrenoleukodystrophy (ALD) -
adrenomyeloneuropathy - AlDS-vacuolar myelopathy -
HTLV-associated myelopathy - Leber's hereditary optic
atrophy - progressive multifocal leukoencephalopathy
(PML) - subacute sclerosing panencephalitis -
Guillian-Barre syndrome - tropical spastic paraparesis
- acute disseminated encephalomyelitis (ADEM) - acute
viral encephalitis - acute transverse myelitis -
spinal cord and brain trauma - Charcot-Marie-Tooth
disease 8. Skin disorders and/or disorders of wound
healing processes: - erythemato-squamous dermatoses
such as, for example, psoriasis - acne vulgaris -
other skin disorders and dermatological conditions
which are modulated by PPAR - eczemas and
neurodermitis - dermatitis such as, for example,
seborrheic dermatitis or photodermatitis - keratitis
and keratoses such as, for example, seborrheic
keratoses, senile keratoses, actinic keratosis,
photo-induced keratoses or keratosis follicularis -
keloids and keloid prophylaxis - warts, including
condylomata or condylomata acuminata - human papilloma
viral (HPV) infections such as, for example, venereal
papillomata, viral warts such as, for example,
molluscum contagiosum,leukoplakia - papular dermatoses
such as, for example, Lichen planus - skin cancer such
as, for example, basal-cell carcinomas, melanomas or
cutaneous T-cell lymphomas - localized benign
epidermal tumors such as, for example, keratoderma,
epidermal naevi - chilblains - wound healing 9. Other
disorders - high blood pressure - pancreatitis -
syndrome X 



- polycystic ovary syndrome (PCOS) - asthma -
osteoarthritis - lupus erythematosus (LE) or
inflammatory rheumatic disorders such as, for example,
rheumatoid arthritis - vasculitis - wasting (cachexia)
- gout - ischemia/reperfusion syndrome - acute
respiratory distress syndrome (ARDS) Formulations The
amount of a compound of formula I necessary to achieve
the desired biological effect depends on a number of
factors, for example the specific compound chosen, the
intended use, the mode of administration and the
clinical condition of the patient. The daily dose is
generally in the range from 0.001 mg to 100 mg
(typically from 0.01 mg to 50 mg) per day and per
kilogram of bodyweight, for example 0.1-10 mg/kg/day.
An intravenous dose may be, for example, in the range
from 0.001 mg to 1.0 mg/kg, whichcan suitably be
administered as infusion of 10 ng to 100 ng per
kilogram and per minute. Suitable infusion solutions
for these purposes may contain, for example, from 0.1
ng to 10 mg, typically from 1 ng to 10 mg, per
milliliter. Single doses may contain, for example,
from 1 mg to 10 g of the active ingredient. Thus,
ampules for injections may contain, for example, from
1 mg to 100 mg, and single-dose formulations which can
be administered orally, such as, for example, capsules
or tablets, may contain, for example, from 0.05 to
1000 mg, typically from 0.5 to 600 mg. For the therapy
of the abovementioned conditions, the compounds of
formula I may be used as the compound itself, but they
are preferably in the form of a pharmaceutical
composition with an acceptable carrier. The carrier
must, of course, be acceptable in the sense that it is
compatible with the other ingredients of the
composition and is not harmful for the patient's
health. The carrier may be a solid or a liquid or both
and is preferably formulated with the compound as a
single dose, for example as a tablet, which may
contain from 0.05% to 95% by weight of the active
ingredient. Other pharmaceutically active substances
may likewise be present, including other compounds of
formula I. The pharmaceutical compositions of the
invention can be produced by one of the known
pharmaceutical methods, which essentially consist of
mixing the ingredients with pharmacologically
acceptable carriers and/or excipients. Pharmaceutical
compositions of the invention are those suitable for
oral, rectal, topical, peroral (for example
sublingual) and parenteral (for example subcutaneous,
intramuscular, intradermal or intravenous)
administration, although the most suitable mode of
administration depends in each individual case on the
nature and severity of the condition to be treated and
on the nature of the compound of formula I used in
each case. Coated formulations and coated slow-release
formulations also belong within the framework of the
invention. Preference is given to acid- and gastric
juiceresistant formulations. Suitable coatings
resistant to gastric juice comprise cellulose acetate
phthalate, polyvinyl acetate phthalate,
hydroxypropylmethylcellulose phthalate and anionic
polymers of methacrylic acid and methyl methacrylate.
Suitable pharmaceutical preparations for oral
administration may be in the form of separate units
such as, for example, capsules, cachets, suckable
tablets or tablets,each of which contain a defined
amount of the compound of formula I; as powders or
granules, as solution or suspension in an aqueous or
nonaqueous liquid; or as an oilin- water or
water-in-oil emulsion. These compositions may, as
already mentioned, be 



prepared by any suitable pharmaceutical method which
includes a step in which the active ingredient and the
carrier (which may consist of one or more additional
ingredients) are brought into contact. The
compositions are generally produced by uniform and
homogeneous mixing of the active ingredient with a
liquid and/or finely divided solid carrier, after
which the product is shaped if necessary. Thus, for
example, a tablet can be produced by compressing or
molding a powder or granules of the compound, where
appropriate with one or more additional ingredients.
Compressed tablets can be produced by tableting the
compound in free-flowing form such as, for example, a
powder or granules, where appropriate mixed with a
binder, glidant, inert diluent and/or one (or more)
surface-active/dispersing agent(s) in a suitable
machine. Molded tablets can be produced by molding the
compound, which is in powder form and is moistened
with an inert liquid diluent, in a suitable machine.
Pharmaceutical compositions which are suitable for
peroral (sublingual) administration comprise suckable
tablets which contain a compound of formula I with a
flavoring, normally sucrose and gum arabic or
tragacanth, and pastilles which comprise the compound
in an inert base such as gelatin and glycerol or
sucrose and gum arabic. Pharmaceutical compositions
suitable for parenteral administration comprise
preferably sterile aqueous preparations of a compound
of formula I which are preferably isotonic with the
blood of the intended recipient. These preparations
are preferably administered intravenously, although
administration may also take place by subcutaneous,
intramuscular or intradermal injection. These
preparations can preferably be produced by mixing the
compound with water and making the resulting solution
sterile and isotonic with blood. Injectable
compositions of the invention generally contain from
0.1 to 5% by weight of the active compound.
Pharmaceutical compositions suitable for rectal
administration are preferably in the form of
single-dose suppositories. These can be produced by
mixing a compound ofthe formula I with one or more
conventional solid carriers, for example cocoa butter,
and shaping the resulting mixture. Pharmaceutical
compositions suitable for topical use on the skin are
preferably in the form of ointment, cream, lotion,
paste, spray, aerosol or oil. Carriers which can be
used are petrolatum, lanolin, polyethylene glycols,
alcohols and combinations of two or more of these
substances. The active ingredient is generally present
in a concentration of from 0.1 to 15% by weight of the
composition, for example from 0.5 to 2%. Transdermal
administration is also possible. Pharmaceutical
compositions suitable for transdermal uses can be in
the form of single plasters which are suitable for
long-term close contact with the patient's epidermis.
Such plasters suitably contain the active ingredient
in an aqueous solution which is buffered where
appropriate, dissolved and/or dispersed in an adhesive
or dispersed in a polymer. A suitable active
ingredient concentration is about 1% to 35%,
preferably about 3% to 15%. A particular possibility
is for the active ingredient to be released by
electrotransport or iontophoresis as described, for
example, in Pharmaceutical Research, 2(6): 318 (1986).
The compounds of the formula I are distinguished by
favorable effects on metabolic disorders. They
beneficially influence lipid and sugar metabolism, in
particular they lower the triglyceride level and are
suitable for the prevention and treatment of type Il
diabetes and atheriosclerosis and the diverse sequalae
thereof. Combinations with other medicaments The
compounds of the invention can be administered alone
or in combination with one or more further
pharmacologically active substances. In particular,
the compounds of the invention can be administered in
combination with active ingredients having a 



similar pharmacological action. For example, they can
be administered in combination with active ingredients
which have favorable effects on metabolic disturbances
or disorders frequently associated therewith. Examples
of such medicaments are1. medicaments which lower
blood glucose, antidiabetics, 2 . active ingredients
for the treatment of dyslipidemias, 3.
antiatherosclerotic medicaments, 4. antiobesity
agents, 5. antiinflammatory active ingredients 6 .
active ingredients for the treatment of malignant
tumors 7 . antithrombotic active ingredients 8. active
ingredients for the treatment of high blood pressure
9. active ingredients for the treatment of heart
failure and 10. active ingredients for the treatment
and/or prevention of complications caused by diabetes
or associated with diabetes. 11.active ingredients for
the treatment of neurodegenerative diseases 12. active
ingredients for the treatment of disorders of the
central nervous system 13. active ingredients for the
treatment of drug, nicotine and alcohol addiction 14.
analgesics They can be combined with the compounds of
the invention of the formula I in particular for a
synergistic enhancement of activity. Administration of
the active ingredient combination can take place
either by separate administration of the active
ingredients to the patient or in the form of
combination products in which a plurality of active
ingredients are present in one pharmaceutical
preparation. Further active ingredients suitable for
combination products are: All antidiabetics which are
mentioned in the Rote Liste 2005, chapter 12; all
weightreducing agents/appetite suppressants which are
mentioned in the Rote Liste 2005, chapter 1; all
lipid-lowering agents which are mentioned in the Rote
Liste 2005, chapter 58. They may be combined with the
compound of the invention of the formula I in
particular for a synergistic improvement in the
effect. The active ingredient combination can be
administered either by separate administration of the
active ingredients to the patient or in the form of
combination products in which a plurality of active
ingredients is present in a pharmaceutical
preparation. Most of the active ingredients mentioned
hereinafter are disclosed in the USP Dictionary of
USAN andInternational Drug Names, US Pharmacopeia,
Rockville 2001. Antidiabetics include insulin and
insulin derivatives such as, for example, Lantus(r)
(see www.lantus.com) or HMR 1964 or Levemir(r)
(insulin detemir) or those described in WO2005005477
(Novo Nordisk), fast-acting insulins (see US 6,221
,633), inhalable insulins such as, for example,
Exubera (r) or oral insulins such as, for example,
IN-105 (Nobex) or Oral-lyn(tm) (Generex
Biotechnology), GLP-1 derivatives and GLP-1 agonists
such as, for example, exenatide, liraglutide or those
which have been disclosed in WO98/08871 ,
WO2005027978, WO200603781 1 or WO2006037810 of Novo
Nordisk A/S, in WO01/04156 of Zealand or in WO00/34331
of Beaufour-lpsen, pramlintide acetate (Symlin; Amylin
Pharmaceuticals), BIM-51077, PC-DAC-exendin-4 (an
exendin-4 analog covalently bonded to recombinant
human albumin), agonists like those described for
example in D. Chen et al., Proc. Natl. Acad. Sci. USA
104 (2007) 943, those as are described in WO2006
124529, and orally effective hypoglycemic active
ingredients. Antidiabetics also include agonists of
the glucose-dependent insulinotropic polypeptide (GIP)
receptor as are described for example in WO2006121860.
The orally effective hypoglycemic active ingredients
include preferably 



sulfonylureas, biguanidines, meglitinides,
oxadiazolidinediones, thiazolidinediones, glucosidase
inhibitors, inhibitors of glycogen phosphorylase,
glucagon antagonists, glucokinase activators,
inhibitors of fructose-1 ,6-bisphosphatase, modulators
of glucose transporter 4 (GLUT4), inhibitors of
glutamine-fructose-6-phosphate amidotransferase
(GFAT),GLP-1 agonists, potassium channel openers such
as, for example, pinacidil, cromakalim, diazoxide or
those described in R.D. Carr et al., Diabetes 52,
2003, 2513.2518, in J. B. Hansen et al., Current
Medicinal Chemistry 11, 2004, 1595-1615, in T.M.
Tagmose et al., J. Med. Chem. 47, 2004, 3202-321 1 or
in M. J. Coghlan et al., J. Med. Chem. 44, 2001, 1627-
1653, or those which have been disclosed in WO
97/26265 and WO 99/03861 of Novo Nordisk A/S,
inhibitors of dipeptidylpeptidase IV (DPP-IV), insulin
sensitizers, inhibitors of liver enzymes involved in
stimulating gluconeogenesis and/or glycogenosis,
modulators of glucose uptake, of glucose transport and
of glucose reabsorption, inhibitors of 11b-HSD1 ,
inhibitors of protein tyrosine phosphatase 1B (PTP1
B), modulators of the sodium-dependent glucose
transporter 1 or 2 (SGLT1, SGLT2), compounds which
alter lipid metabolism such as antihyperlipidemic
active ingredients and antilipidemic active
ingredients, compounds which reduce food intake,
compounds which increase thermogenesis, PPAR and RXR
modulators and active ingredients which act on the
ATP-dependent potassium channel of the beta cells. In
one embodiment of the invention, the compounds of the
formula I is administered in combination with an
HMGCoA reductase inhibitor such as simvastatin,
fluvastatin, pravastatin, lovastatin, atorvastatin,
cerivastatin, rosuvastatin or L-659699. In one
embodiment of the invention, the compound of the
formula I is administered in combination with a
cholesterol absorption inhibitor such as, for example,
ezetimibe, tiqueside, pamaqueside, FM-VP4
(sitostanol/campesterol ascorbyl phosphate; Forbes
Medi-Tech, WO2005042692, WO2005005453), MD-0727
(Microbia Inc., WO2005021497, WO2005021495) or with
compounds as described inWO2002066464, WO2005000353
(Kotobuki Pharmaceutical Co. Ltd.), or WO2005044256 or
WO2005062824 (Merck & Co.) or WO2005061451 and
WO2005061452 (AstraZeneca AB), and WO2006017257
(Phenomix) or WO2005033100 (Lipideon Biotechnology
AG), or as described in WO2004097655, WO2004000805,
WO2004000804, WO2004000803, WO2002050068,
WO2002050060, WO2005047248, WO2006086562, WO2006
102674, WO20061 16499, WO2006121861 , WO2006122186,
WO2006122216, WO2006127893, WO20061 37794, WO20061
37796, WO20061 37782, 



WO20061 37793, WO20061 37797, WO20061 37795, WO20061
37792, WO2006138163. In one embodiment of the
invention, the compound of the formula I is
administered in combination with Vytorin(tm), a fixed
combination of ezetimibe and simvastatin. In one
embodiment of the invention, the compound of the
formula I is administered in combination with a fixed
combination of ezetimibe with atorvastatin. In one
embodiment of the invention, the compound of the
formula I is administered in combination with a fixed
combination of ezetimibe with fenofibrate. In a
further embodiment of the invention, the compound of
the formula I is administered in combination with a
fixed combination of fenofibrate and rosuvastatin. In
one embodiment of the invention, the compound of the
formula I is administered in combination with
Synordia(r), a fixed combination of fenofibrate with
metformin. In one embodiment of the invention, the
compound of the formula I is administered in
combination with ISIS-301012, an antisense
oligonucleotide able to regulate the apolipoprotein B
gene.In one embodiment of the invention, the compound
of the formula I is administered in combination with a
PPAR gamma agonist such as, for example,
rosiglitazone, pioglitazone, JTT-501 , Gl 262570,
R-483, CS-01 1 (rivoglitazone). In one embodiment of
the invention, the compound of the formula I is
administered in combination with Competact(tm), a
fixed combination of pioglitazone hydrochloride with
metformin hydrochloride. In one embodiment of the
invention, the compound of the formula I is
administered in combination with Tandemact(tm), a
fixed combination of pioglitazone with glimepiride. In
one embodiment of the invention, the compound of the
formula I is administered in combination with a fixed
combination of pioglitazone hydrochloride with an
angiotensin Il agonist such as, for example, TAK-536.
In one embodiment of the invention, the compound of
the formula I is administered in combination with a
PPAR alpha agonist such as, for example, GW9578,
GW-590735, K-1 11, LY-674, KRP-101 , DRF-10945,
LY-518674 or those as are described in WO2001 040207,
WO2002096894, WO2005097076. In one embodiment of the
invention, the compound of the formula I is
administered in combination with a mixed PPAR
alpha/gamma agonist such as, for example,
naveglitazar, LY-510929, ONO-5129, E-3030, AVE 8042,
AVE 8134, AVE 0847, CKD- 501 (lobeglitazone sulfate)
or as described in WO 00/64888, WO 00/64876,
WO03/020269 or in J.P. Berger et al., TRENDS in
Pharmacological Sciences 28(5), 244-251 , 2005. In one
embodiment of the invention, the compound of the
formula I is administered in combination with a PPAR
delta agonist such as, for example, GW-501 516 or as
described in WO2006059744, WO2006084176, WO2006029699,
WO2007039172- WO2007039178.In one embodiment, the
compound of the formula I is administered in
combination with metaglidasen or with MBX-2044 or
other partial PPAR gamma agonists/antagonists. In one
embodiment of the invention, the compound of the
formula I is administered in combination with a
fibrate such as, for example, fenofibrate, clofibrate
or bezafibrate. In one embodiment of the invention,
the compound of the formula I is administered in
combination with an MTP inhibitor such as, for
example, implitapide, BMS-201038, R-1 03757,
AS-1552133 or those described in WO2005085226,
WO2005121091 , WO2006010423. In one embodiment of the
invention, the compound of the formula I is
administered in combination with a CETP inhibitor such
as, for example, torcetrapib or JTT-705 or 



those described in WO2006002342, WO20060 10422,
WO2006012093, WO2006073973, WO2006072362,
WO2006097169, WO2007041494. In one embodiment of the
invention, the compound of the formula I is
administered in combination with a bile acid
absorption inhibitor (see, for example, US 6,245,744,
US 6,221 ,897 or WOOO/61568), such as, for example,
HMR 1741 or those as described in DE 10 2005 033099.1
and DE 10 2005 033100.9, WO2007009655-56. In one
embodiment of the invention, the compound of the
formula I is administered in combination with a
polymeric bile acid adsorbent such as, for example,
cholestyramine or colesevelam. In one embodiment of
the invention, the compound of the formula I is
administered in combination with an LDL receptor
inducer (see US 6,342,512), such as, for example, HMR1
17 1, HMR1 586 or those as described in WO2005097738.
In one embodiment of the invention, the compound of
the formula I is administered in combination with an
ABCA1 expression enhancer as described for example in
WO2006072393.In a further embodiment of the invention,
the compound of the formula I is administered in
combination with an RNAi therapeutic directed against
PCSK9 (proprotein convertase subtilisin/kexin type 9).
In one embodiment, the compound of the formula I is
administered in combination with Omacor(r) (omega-3
fatty acids; highly concentrated ethyl esters of
eicosapentaenoic acid and of docosahexaenoic acid). In
one embodiment of the invention, the compound of the
formula I is administered in combination with an ACAT
inhibitor such as, for example, avasimibe or SMP-797.
In one embodiment of the invention, the compound of
the formula I is administered in combination with an
antioxidant such as, for example, OPC-141 17,
probucol, tocopherol, ascorbic acid, b-carotene or
selenium. In one embodiment of the invention, the
compound of the formula I is administered in
combination with a vitamin such as, for example,
vitamin B6 or vitamin B12. In one embodiment of the
invention, the compound of the formula I is
administered in combination with a lipoprotein lipase
modulator such as, for example, ibrolipim (NO-1886).
In one embodiment of the invention, the compound of
the formula I is administered in combination with an
ATP citrate lyase inhibitor such as, for example,
SB-204990. In one embodiment of the invention, the
compound of the formula I is administered in
combination with a squalene synthetase inhibitor such
as, for example, BMS-1 88494, TAK-475 or as described
in WO2005077907, JP2007022943. In one embodiment of
the invention, the compound of the formula I is
administered in combination with a lipoprotein(a)
antagonist such as, for example, gemcabene (CM 027).In
one embodiment of the invention, the compound of the
formula I is administered in combination with an
agonist of GPR109A (HM74A receptor agonist; NAR
agonist (nicotinic acid receptor agonist) such as, for
example, nicotinic acid or extended release niacin in
conjunction with MK-0524A or those compounds described
in WO2006045565, WO2006045564, WO2006069242, WO20061
24490, WO20061 13150, WO20070 17261 , WO2007017262,
WO2007017265, WO2007015744, WO2007027532. In another
embodiment of the invention, the compound of the
formula I is administered in combination with an
agonist of GPR1 16 as are described for example in
WO2006067531 , WO2006067532. In one embodiment of the
invention, the compound of the formula I is
administered in 



combination with a lipase inhibitor such as, for
example, orlistat or cetilistat (ATL-962). In one
embodiment of the invention, the compound of the
formula I is administered in combination with insulin.
In one embodiment, the compound of the formula I is
administered in combination with a sulfonylurea such
as, for example, tolbutamide, glibenclamide,
glipizide, gliclazide or glimepiride. In one
embodiment, the compound of the formula I is
administered in combination with a substance which
enhances insulin secretion, such as, for example,
KCP-265 (WO2003097064) or those described in
WO2007026761 . In one embodiment, the compound of the
formula I is administered in combination with agonists
of the glucose-dependent insulinotropic receptor
(GDIR) such as, for example, APD-668. In one
embodiment, the compound of the formula I is
administered in combination with a biguanide such as,
for example, metformin.In yet another embodiment, the
compound of the formula I is administered in
combination with a meglitinide such as, for example,
repaglinide, nateglinide or mitiglinide In a further
embodiment, the compound of the formula I is
administered with a combination of mitiglinide with a
glitazone, e.g. pioglitazone hydrochloride. In a
further embodiment, the compound of the formula I is
administered with a combination of mitiglinide with an
alpha-glucosidase inhibitor. In one embodiment, the
compound of the formula I is administered in
combination with a thiazolidinedione such as, for
example, troglitazone, ciglitazone, pioglitazone,
rosiglitazone or the compounds disclosed in WO
97/41097 of Dr. Reddy's Research Foundation, in
particular
5-[[4-[(3,4-dihydro-3-methyl-4-oxo-2-quinazolinylmetho
xy]- phenyl]methyl]-2,4-thiazolidinedione. In one
embodiment, the compound of the formula I is
administered in combination with an a-glucosidase
inhibitor such as, for example, miglitol or acarbose.
In one embodiment, the compound of the formula I is
administered in combination with an active ingredient
which acts on the ATP-dependent potassium channel of
the beta cells, such as, for example, tolbutamide,
glibenclamide, glipizide, glimepiride or repaglinide.
In one embodiment, the compound of the formula I is
administered in combination with more than one of the
aforementioned compounds, e.g. in combination with a
sulfonylurea and metformin, a sulfonylurea and
acarbose, repaglinide and metformin, insulin and a
sulfonylurea, insulin and metformin, insulin and
troglitazone, insulin and lovastatin, etc. In one
embodiment, the compound of the formula I is
administered in combination with an inhibitor of
glycogen phosphorylase, such as, for example, PSN-357
or FR-258900or those as described in WO2003084922,
WO2004007455, WO2005073229-31 or WO2005067932. In one
embodiment, the compound of the formula I is
administered in combination with glucagon receptor
antagonists such as, for example, A-770077,
NNC-25-2504 or as described in WO2004 100875 or
WO2005065680. In one embodiment, the compound of the
formula I is administered in combination with
activators of glucokinase, such as, for example,
LY-2121260 (WO2004063179), PSN-1 05, PSN-1 10, GKA-50
or those as are described for example in WO2004072031
, WO2004072066, WO2005080360, WO2005044801 ,
WO2006016194, WO2006058923, WO20061 12549,
WO2006125972, WO2007017549, WO2007017649,
WO2007007910, WO2007007040-42, 



WO2007006760-61 , WO2007006814, WO2007007886,
WO2007028135, WO2007031739, WO2007041365,
WO2007041366, WO2007037534, WO2007043638,
WO2007053345, WO2007051846, WO2007051845,
WO2007053765, WO2007051847. In one embodiment, the
compound of the formula I is administered in
combination with an inhibitor of gluconeogenesis, such
as, for example, FR-225654. In one embodiment, the
compound of the formula I is administered in
combination with inhibitors of fructose-1
,6-bisphosphatase (FBPase), such as, for example,
CS-917 (MB-06322) or MB-07803 or those described in
WO2006023515, WO20061 04030, WO2007014619. In one
embodiment, the compound of the formula I is
administered in combination with modulators of glucose
transporter 4 (GLUT4), such as, for example, KST-48
(D.-O. Lee et al.: Arzneim.-Forsch. Drug Res. 54 (12),
835 (2004)).In one embodiment, the compound of the
formula I is administered in combination with
inhibitors of glutamine-fructose-6-phosphate
amidotransferase (GFAT), as are described for example
in WO2004101528. In one embodiment, the compound of
the formula I is administered in combination with
inhibitors of dipeptidylpeptidase IV (DPP-IV), such
as, for example, vildagliptin (LAF- 237), sitagliptin
(MK-0431), sitagliptin phosphate, saxagliptin
((BMS-4771 18), GSK- 823093, PSN-9301 , SYR-322,
SYR-619, TA-6666, TS-021 , GRC-8200, GW-825964X,
KRP-104, DP-893, ABT-341 , ABT-279 or another salt
thereof or those compounds as are described in
WO2003074500, WO20031 06456, WO2004037169,
WO200450658, WO2005058901 , WO2005012312,
WO2005/012308, WO2006039325, WO2006058064, WO200601
5691 , WO200601 5701 , WO2006015699, WO200601 5700,
WO20060181 17, WO2006099943, WO2006099941 ,
JP2006160733, WO2006071752, WO2006065826,
WO2006078676, WO2006073167, WO20060681 63, WO200609091
5 , WO20061 04356, WO20061 27530, WO20061 11261 ,
WO200701 5767, WO2007024993, WO2007029086. In one
embodiment, the compound of the formula I is
administered in combination with Janumet(tm), a fixed
combination of sitagliptin phosphate with metformin
hydrochloride. In one embodiment, the compound of the
formula I is administered in combination with
inhibitors of 11-beta-hydroxysteroid dehydrogenase 1 (
11b-HSD1), such as, for example, BVT-2733,
JNJ-25918646, INCB-13739 or those as are described for
example in WO200 190090-94, WO200343999, WO20041
12782, WO200344000, WO200344009, WO20041 12779,
WO20041 13310, WO20041 03980, WO20041 12784,
WO2003065983, WO20031 04207, WO20031 04208, WO20041
06294, WO200401 1410, WO2004033427, WO2004041264,
WO2004037251 , WO2004056744, WO2004058730,
WO2004065351 , WO2004089367, WO2004089380,
WO2004089470-71 , WO2004089896, WO2005016877,
WO2005097759, WO2006010546, WO2006012227,
WO2006012173, WO20060 17542, WO2006034804,
WO2006040329, WO2006051662, WO2006048750,
WO2006049952, WO2006048331 ,
WO2006050908,WO2006024627, WO2006040329, WO2006066109,
WO2006074244, WO2006078006, WO20061 06423, WO20061
32436, WO2006 134481 , WO20061 34467, WO20061 35795,
WO20061 36502, WO20061 38695, WO20061 33926,
WO2007003521, WO2007007688, US2007066584,
WO2007047625, WO200705181 1, WO2007051810. In one
embodiment, the compound of the formula I is
administered in combination with inhibitors of protein
tyrosine phosphatase 1B (PTP1 B), as are described for
example in WO2001 19830-31 , WO2001 1751 6 ,
WO2004506446, WO2005012295, 



WO20051 16003, WO20051 16003, WO2006007959, DE 10 2004
060542.4, WO200700991 1, WO2007028145, WO2007081755.
In one embodiment, the compound of the formula I is
administered in combination with modulators of the
sodium-dependent glucose transporter 1 or 2 (SGLT1 ,
SGLT2), such as, for example, KGA-2727, T-1095,
SGL-001 0, AVE 2268, SAR 7226 and sergliflozin or as
described for example in WO2004007517, WO200452903,
WO200452902, PCT/EP2005/005959, WO2005085237,
JP2004359630, WO2005121 161 , WO2006018150,
WO2006035796, WO2006062224, WO2006058597,
WO2006073197, WO2006080577, WO2006087997, WO20061
08842, WO2007000445, WO2007014895, WO2007080170 or by
A. L. Handlon in Expert Opin. Ther. Patents (2005)
15(1 1), 1531-1540. In one embodiment, the compound of
the formula I is administered in combination with
modulators of GPR40 as are described for example in
WO20070 13689, WO2007033002. In one embodiment, the
compound of the formula I is administered in
combination with modulators of GPR1 19b as are
described for example in WO2004041274. In one
embodiment, the compound of the formula I is
administered in combination with modulators of GPR1 19
as are described for example in WO2005061489
(PSN-632408), WO2004065380, WO2007003960-62 and
WO2007003964.In a further embodiment, the compound of
the formula I is administered in combination with
modulators of GPR120. In one embodiment, the compound
of the formula I is administered in combination with
inhibitors of hormone-sensitive lipase (HSL) and/or
phospholipases as described for example in
WO2005073199, WO2006074957, WO2006087309, WO20061
11321 , WO2007042178. In one embodiment, the compound
of the formula I is administered in combination with
inhibitors of acetyl-CoA carboxylase (ACC), such as,
for example, those as described in WO199946262,
WO200372197, WO2003072197, WO2005044814, WO20051
08370, JP20061 3 1559, WO200701 1809, WO200701 181 1,
WO200701 3691 . In a further embodiment, the compound
of the formula I is administered in combination with
modulators of xanthine oxidoreductase (XOR). In one
embodiment, the compound of the formula I is
administered in combination with an inhibitor of
phosphoenolpyruvate carboxykinase (PEPCK), such as,
for example, those as described in WO2004074288. In
one embodiment, the compound of the formula I is
administered in combination with an inhibitor of
glycogen synthase kinase 3 beta (GSK-3 beta), as
described for example in US2005222220, WO2005085230,
WO20051 11018, WO2003078403, WO2004022544, WO20031
06410, WO2005058908, US2005038023, WO2005009997,
US2005026984, WO2005000836, WO2004106343, EP1460075,
WO2004014910, WO2003076442, WO2005087727 or WO20040461
17. In one embodiment, the compound of the formula I
is administered in combination with an inhibitor of
the serum/glucocorticoid-regulated kinase (SGK) as
described for example in WO2006072354.In one
embodiment, the compound of the formula I is
administered in combination with an agonist of the
RUP3 receptor as described for example in
WO2007035355. In one embodiment, the compound of the
formula I is administered in combination with an
inhibitor of protein kinase C beta (PKC beta), such
as, for example, ruboxistaurin. In another embodiment,
the compound of the formula I is administered in
combination with an activator of the gene which codes
for the ataxia telangiectasia mutated (ATM) protein
kinase, such as, for example, chloroquine. 



In one embodiment, the compound of the formula I is
administered in combination with an endothelin A
receptor antagonist such as, for example, avosentan
(SPP-301). In one embodiment, the compound of the
formula I is administered in combination with
inhibitors of "l-kappaB kinase" (IKK inhibitors), as
are described for example in WO2001000610, WO2001
030774, WO2004022553 or WO2005097129. In one
embodiment, the compound of the formula I is
administered in combination with modulators of the
glucocorticoid receptor (GR), as are described for
example in WO2005090336, WO2006071609, WO20061 35826.
In a further embodiment, the compound of the formula I
is administered in combination with CART modulators
(see "Cocaine-amphetamine-regulated transcript
influences energy metabolism, anxiety and gastric
emptying in mice" Asakawa, A. et al.: Hormone and
Metabolic Research (2001), 33(9), 554-558); NPY
antagonists such as, for example, naphthalene-1
-sulfonic acid {4-[(4-
aminoquinazolin-2-ylamino)methyl]cyclohexylmethyl}amid
e hydrochloride (CGP 7 1683A); NPY-5 receptor
antagonists such as L-1 52804, or as are described for
example in WO2006001318; NPY-4 receptor antagonists as
are for example described in WO2007038942; NPY-2
receptor antagonists as are for example described in
WO2007038943;Peptide YY 3-36 (PYY3-36) or analogous
compounds, such as, for example, CJC- 1682 (PYY3-36
conjugated with human serum albumin via Cys34),
CJC-1643 (derivative of PYY3-36 which conjugates in
vivo to serum albumin) or those as are described in
WO2005080424, WO2006095166; derivatives of the peptide
obestatin as are described in WO2006096847; CB1 R
(cannabinoid receptor 1) antagonists (such as, for
example, rimonabant, SR147778, SLV-319, AVE-1625,
MK-0364 or salts thereof or those compounds as are
described for example in EP 0656354, WO00/15609, WO200
1/64632-64634, WO 02/076949, WO2005080345,
WO2005080328, WO2005080343, WO2005075450,
WO2005080357, WO2001 70700, WO2003026647-48,
WO200302776, WO2003040107, WO2003007887, WO2003027069,
US6,509,367, WO2001 32663, WO2003086288, WO2003087037,
WO2004048317, WO2004058145, WO2003084930,
WO2003084943, WO2004058744, WO2004013120,
WO2004029204, WO2004035566, WO2004058249,
WO2004058255, WO2004058727, WO2004069838,
US20040214837, US20040214855, US20040214856,
WO2004096209, WO2004096763, WO2004096794,
WO2005000809, WO2004099157, US20040266845, WO20041
10453, WO2004 108728, WO2004000817, WO2005000820,
US20050009870, WO200500974, WO20041 11033-34, WO20041
1038-39, WO2005016286, WO20050071 11, WO2005007628,
US20050054679, WO2005027837, WO2005028456,
WO2005063761-62, WO2005061509, WO2005077897,
WO2006047516, WO2006060461 , WO2006067428,
WO2006067443, WO2006087480, WO2006087476, WO20061
00208, WO20061 06054, WO20061 11849, WO20061 13704,
WO2007009705, WO2007017124, WO2007017126,
WO2007018459, WO2007016460, WO2007020502,
WO2007026215, WO2007028849, WO2007031720, WO2007031721
, WO2007036945, WO2007038045, WO2007039740,
US20070015810, WO2007046548, WO2007047737,
WO2007084319, WO2007084450); cannabinoid receptor
1/cannabinoid receptor 2 (CB1/CB2) modulating
compounds as described for example in WO2007001 939,
WO200704421 5 , WO2007047737; 



MC4 agonists (e.g. 1-amino-1
,2,3,4-tetrahydronaphthalene-2-carboxylic acid
[2-(3abenzyl-
2-methyl-3-oxo-2,3,3a,4,6,7-hexahydropyrazolo[4,3-c]py
ridin-5-yl)-1-(4-chlorophenyl)-2-oxoethyl]amide; (WO
01/91752)) or LB53280, LB53279, LB53278 or THIQ,
MB243, RY764, CHIR-785, PT-141 or those that are
described in WO2005060985, WO2005009950, WO2004087159,
WO2004078717, WO2004078716, WO2004024720, US200501
24652, WO2005051391 , WO20041 12793, WOUS20050222014,
US200501 76728, US20050164914, US20050124636, US200501
30988, US200401 67201 , WO2004005324, WO2004037797,
WO2005042516, WO2005040109, WO2005030797,
US20040224901 , WO200501921, WO200509184,
WO2005000339, EP1460069, WO2005047253, WO2005047251 ,
WO20051 18573, EP15381 59, WO2004072076, WO2004072077,
WO200602 1655-57, WO2007009894, WO2007015162,
WO2007041061 , WO2007041052; orexin receptor
antagonists (e.g. 1-(2-methylbenzoxazol-6-yl)-3-[1
,5]naphthyridin-4- ylurea hydrochloride (SB-334867-A)
or those as are described for example in WO200 196302,
WO2001 85693, WO2004085403, WO2005075458 or
WO2006067224); histamine H3 receptor agonists (e.g.
3-cyclohexyl-1-(4,4-dimethyl-1 ,4,6,7-
tetrahydroimidazo[4,5-c]pyridin-5-yl)propan-1-one
oxalic acid salt (WO 00/63208) or those as are
described in WO200064884, WO2005082893, WO20061 07661
, WO2007003804, WO2007016496, WO2007020213); histamine
H1/histamine H3 modulators such as for example
betahistine and its dihydrochloride; CRF antagonists
(e.g. [2-methyl-9-(2,4,6-trimethylphenyl)-9H-1
,3,9-triazafluoren-4- yl]dipropylamine (WO 00/66585));
CRF BP antagonists (e.g. urocortin); urocortin
agonists; agonists of the beta-3 adrenoceptor such as,
for example, 1-(4-chloro-3-
methanesulfonylmethylphenyl)-2-[2-(2,3-dimethyl-1
H-indol-6-yloxy)ethylamino]ethanol hydrochloride (WO
01/83451); or Solabegron (GW-427353) or N-5984
(KRP-204) or those described in JP20061 11553,
WO2002038543, WO2007048840-843; MSH
(melanocyte-stimulating hormone) agonists;MCH
(melanin-concentrating hormone) receptor antagonists
(such as, for example, NBI-845, A-761 , A-665798,
A-798, ATC-0175, T-226296, T-71 , GW-803430 or
compounds such as are described in WO2005085200,
WO2005019240, WO200401 1438, WO20040 12648,
WO2003015769, WO2004072025, WO2005070898,
WO2005070925, WO2004039780, WO2004092181 ,
WO2003033476, WO2002006245, WO2002089729,
WO2002002744, WO2003004027, FR2868780, WO2006010446,
WO2006038680, WO2006044293, WO2006044174, JP20061
76443, WO2006018280, WO20060 18279, WO20061 18320,
WO20061 30075, WO2007018248, WO2007012661 ,
WO2007029847, WO2007024004, WO2007039462,
WO2007042660, WO2007042668, WO2007042669,
US2007093508, US2007093509, WO2007048802,
JP2007091649); CCK-A agonists (such as, for example,
{2-[4-(4-chloro-2,5-dimethoxyphenyl)-5-(2-
cyclohexylethyOthiazol^-ylcarbamoylJ-
dJ-dimethylindol-i -yljacetic acid trifluoroacetic
acid salt (WO 99/15525), SR-146131 (WO 0244150) or
SSR-125180 or those as are described in WO20051
16034); serotonin reuptake inhibitors (e.g.
dexfenfluramine); mixed serotonin/dopamine reuptake
inhibitors (e.g. bupropion) or fixed combinations of
bupropion with naltrexone; 



mixed sertoninergic and noradrenergic compounds (e.g.
WO 00/71549); 5-HT receptor agonists, e.g.
1-(3-ethylbenzofuran-7-yl)piperazine oxalic acid salt
(WO 01/091 11); mixed
dopamine/norepinephrine/acetylcholine reuptake
inhibitors (e.g. tesofensine); 5-HT2C receptor
agonists (such as, for example, lorcaserin
hydrochloride (APD-356), BVT-933 or those as are
described in WO200077010, WO20077001-02, WO2005019180,
WO2003064423, WO200242304, WO2005035533, WO2005082859,
WO2006077025, WO200610351 1); 5-HT6 receptor
antagonists such as for example E-6837 or BVT-74316 or
those as are described for example in WO2005058858,
WO2007054257; bombesin receptor agonists (BRS-3
agonists); galanin receptor antagonists; growth
hormone (e.g. human growth hormone or AOD-9604);growth
hormone-releasing compounds (tertiary butyl
6-benzyloxy-1-(2-diisopropylaminoethylcarbamoyl)-
3,4-dihydro-1 H-isoquinoline-2-carboxylate (WO
01/85695)); growth hormone secretagogue receptor
antagonists (ghrelin antagonists) such as, for
example, A-778193 or those as are described in
WO2005030734; TRH agonists (see, for example, EP 0 462
884); uncoupling protein 2 or 3 modulators; leptin
agonists (see, for example, Lee, Daniel W.; Leinung,
Matthew C ; Rozhavskaya- Arena, Marina; Grasso,
Patricia. Leptin agonists as a potential approach to
the treatment of obesity. Drugs of the Future (2001),
26(9), 873-881); DA agonists (bromocriptine or
Doprexin); lipase/amylase inhibitors (for example WO
00/40569); inhibitors of diacylglycerol
O-acyltransferases (DGATs) such as, for example,
BAY-74- 4 113 or as described for example in
US2004/0224997, WO2004094618, WO200058491 ,
WO2005044250, WO2005072740, JP2005206492,
WO2005013907, WO2006004200, WO200601 9020, WO20060641
89, WO2006082952, WO2006120125, WO20061 13919,
WO2006134317, WO2007016538; inhibitors of fatty acid
synthase (FAS) such as, for example, C75 or those as
described in WO2004005277; inhibitors of stearoyl-CoA
delta9 desaturase (SCD1) as described for example in
WO2007009236, WO2007044085, WO2007046867,
WO2007046868, WO20070501 124; oxyntomodulin;
oleoyl-estrone or thyroid hormone receptor agonists or
partial agonists such as, for example: KB-21 15 or
those as described in WO20058279, WO200172692, WO2001
94293, WO2003084915, WO2004018421 , WO2005092316,
WO2007003419, WO2007009913, WO2007039125. In one
embodiment, the further active ingredient is
varenicline tartrate, a partial agonist of the alpha
4-beta 2 nicotinic acetylcholine receptor. In one
embodiment, the further active ingredient is
trodusquemine.In one embodiment, the further active
ingredient is a modulator of the SIRT1 enzyme. In one
embodiment of the invention, the further active
ingredient is leptin; see, for example, "Perspectives
in the therapeutic use of leptin", Salvador, Javier;
Gomez- Ambrosi, Javier; Fruhbeck, Gema, Expert Opinion
on Pharmacotherapy (2001), 2(10), 1615-1622. In one
embodiment, the further active ingredient is
dexamphetamine or amphetamine. In one embodiment, the
further active ingredient is fenfluramine or
dexfenfluramine. 



In another embodiment, the further active ingredient
is sibutramine. In one embodiment, the further active
ingredient is mazindole or phentermine. In one
embodiment, the compound of the formula I is
administered in combination with bulking agents,
preferably insoluble bulking agents (see, for example,
Carob/Caromax(r) (Zunft H J; et al., Carob pulp
preparation for treatment of hypercholesterolemia,
ADVANCES IN THERAPY (2001 Sep-Oct), 18(5), 230-6).
Caromax is a carob-containing product from Nutrinova,
Nutrition Specialties & Food Ingredients GmbH,
lndustriepark Hchst, 65926 Frankfurt/Main).
Combination with Caromax(r) is possible in one
preparation or by separate administration of compounds
of the formula I and Caromax(r). Caromax(r) can in
this connection also be administered in the form of
food products such as, for example, in bakery products
or muesli bars. It will be understood that every
suitable combination of the compounds of the invention
with one or more of the aforementioned compounds and
optionally one or more further pharmacologically
active substances will be regarded as falling within
the protection conferred by the present
invention.Bivalent, bispecific antibodies The present
invention relates to novel bivalent, bispecific
antibodies, their manufacture and use. Background of
the Invention Engineered proteins, such as bi- or
multispecific antibodies capable of binding two or
more antigens are known in the art. Such multispecific
binding proteins can be generated using cell fusion,
chemical conjugation, or recombinant DNA techniques. A
wide variety of recombinant bispecific 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, M.J., et. al., Nature Biotech. 15 (1997)
159-163; WO 2001077342; 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) 1126-1136;
Fischer, N., and Leger, O., Pathobiology 74 (2007)
3-14; Shen, J., et. al., J. Immunol. 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 scFv (Fischer, N., and Lger, O.,
Pathobiology 74 (2007) 3-14). While it is obvious that
linkers have advantages for the engineering of
bispecific antibodies, they may also cause problems in
therapeutic settings. Indeed, these foreign peptides
might elicit an immune response against the linker
itself or the junction between the protein and the
linker. Further more, the flexible nature of these
peptides makes them more prone to proteolytic
cleavage, potentially leading to poor antibody
stability, aggregation and increased immunogenicity.
In addition one may want to retain effector functions,
such as e.g. complement-dependent cytotoxicity (CDC)
or antibody dependent cellular cytotoxicity (ADCC),
which are mediated through the Fcpart by maintaining a
high degree of similarity to naturally occurring
antibodies.Thus ideally, one should aim at developing
bispecific antibodies that are very similar in general
structure to naturally occurring antibodies (like IgA,
IgD, IgE, 



IgG or IgM) with minimal deviation from human
sequences. In one approach bispecific antibodies that
are very similar to natural antibodies have been
produced using the quadroma technology (see Milstein,
C. and A.C. Cuello, Nature, 305 (1983) 537-40) based
on the somatic fusion of two different hybridoma cell
lines expressing murine monoclonal antibodies with the
desired specificities of the bispecific antibody.
Because of the random pairing of two different
antibody heavy and light chains within the resulting
hybrid-hybridoma (or quadroma) cell line, up to ten
different antibody species are generated of which only
one is the desired, functional bispecific antibody.
Due to the presence of mispaired byproducts, and
significantly reduced production yields, means
sophisticated purification procedures are required
(see e.g. Morrison, S.L., Nature Biotech 25 (2007)
1233-1234). In general the same problem of mispaired
byproducts remains if recombinant expression
techniques are used. An approach to circumvent the
problem of mispaired byproducts, which is known as
'knobs-into-holes', aims at forcing the pairing of two
different antibody heavy chains by introducing
mutations into the CH3 domains to modify the contact
interface. On one chain bulky amino acids were
replaced by amino acids with short side chains to
create a 'hole'. Conversely, amino acids with large
side chains were introduced into the other CH3 domain,
to create a 'knob'. By coexpressing these two heavy
chains (and two identical light chains, which have to
be appropriate for both heavy chains), high yields of
heterodimer formation ('knob-hole') versus homodimer
formation ('hole-hole' or 'knob-knob') was observed
(Ridgway, J.B., Protein Eng. 9 (1996) 617-621; and WO
96/027011). The percentage of heterodimer could be
further increased by remodeling the interaction
surfaces of the two CH3 domains using a phage display
approach and the introduction of a disulfide bridge to
stabilize the heterodimers (Merchant A.M, et al.,
Nature Biotech 16 (1998) 677-681; Atwell, S., et al.,
J. MoI. Biol. 270 (1997) 26-35). New approaches for
the knobs-into-holes technology are described in e.g.
in EP 1870459A1. Although this format appears very
attractive, no data describing progression towards the
clinic are currently available. One important
constraint of this strategy is that the light chains
of the two parent antibodies have to be identical to
prevent mispairing and formation of inactive
molecules. Thus this technique is not appropriate for
easily developing recombinant, bivalent, bispecific
antibodiesagainst two antigens starting from two
antibodies against the first and the second antigen,
as either the heavy chains of these antibodies an/or
the identical light chains have to be optimized. WO
2006/093794 relates to heterodimeric protein binding
compositions. WO 99/37791 describes multipurpose
antibody derivatives. Morrison et al the J. Immunolog,
160(1998) 2802-2808 refers to the influence of
variable region domain exchange on the functional
properties of IgG. Summary of the Invention The
invention relates to a bivalent, bispecific antibody,
comprising: a) the light chain and heavy chain of an
antibody specifically binding to a first antigen; and
b) the light chain and heavy chain of an antibody
specifically binding to a second antigen, wherein the
variable domains VL and VH are replaced by each other,
and 



wherein the constant domains CL and CHl are replaced
by each other. A further embodiment of the invention
is a method for the preparation of an a bivalent,
bispecific antibody according to the invention
comprising the steps of a) transforming a host cell
with -vectors comprising nucleic acid molecules
encoding the light chain and heavy chain of an
antibody specifically binding to a first antigen, and
-vectors comprising nucleic acid molecules encoding
the light chain and heavy chain of an antibody
specifically binding to a second antigen, wherein the
variable domains VL and VH are replaced by each other,
andwherein the constant domains CL and CHl are
replaced by each other; b) culturing the host cell
under conditions that allow synthesis of said antibody
molecule; and c) recovering said antibody molecule
from said culture. A further embodiment of the
invention is a host cell comprising - vectors
comprising nucleic acid molecules encoding the light
chain and heavy chain of an antibody specifically
binding to a first antigen, and - vectors comprising
nucleic acid molecules encoding the light chain and
heavy chain of an antibody specifically binding to a
second antigen, wherein the variable domains VL and VH
are replaced by each other, and wherein the constant
domains CL and CHl are replaced by each other. A
further embodiment of the invention is a composition,
preferably a pharmaceutical or a diagnostic
composition of the antibody according to the
invention. A further embodiment of the invention is a
pharmaceutical composition comprising an antibody
according to the invention and at least one
pharmaceutically acceptable excipient. A further
embodiment of the invention is a method for the
treatment of a patient in need of therapy,
characterized by administering to the patient a
therapeutically effective amount of an antibody
according to the invention. Detailed Description of
the Invention The invention relates to a bivalent,
bispecific antibody, comprising: a) the light chain
and heavy chain ofan antibody specifically binding to
a first antigen; andb) the light chain and heavy chain
of an antibody specifically binding to a second
antigen, wherein the variable domains VL and VH are
replaced by each other, and wherein the constant
domains CL and CHl are replaced by each other.
Therefore said bivalent, bispecific antibody,
comprises: a) a first light chain and a first heavy
chain of an antibody specifically binding 



to a first antigen; and b) a second light chain and a
second heavy chain of an antibody specifically binding
to a second antigen, wherein the variable domains VL
and VH of the second light chain and the second heavy
chain are replaced by each other, and wherein the
constant domains CL and CHl of the second light chain
and the second heavy chain are replaced by each other.
Thus for said antibody specifically binding to a
second antigen the following applies: within the light
chain the variable light chain domain VL is replaced
by the variable heavy chain domain VH of said
antibody, and the constant light chain domain CL is
replaced by the constant heavy chain domain CHl of
said antibody; and within the heavy chain the variable
heavy chain domain VH is replaced by the variable
light chain domain VL of said antibody, and the
constant heavy chain domain CHl is replaced by the
constant light chain domain CL of said antibody. The
term "antibody" as used herein refers to whole,
monoclonal antibodies. Such whole antibodies consist
of two pairs of a "light chain" (LC) and a "heavy
chain" (HC) (such light chain (LC) /heavy chain pairs
are abbreviated herein as LC/HC). The light chains and
heavy chains of such antibodies are polypeptides
consisting of several domains. In a whole antibody,
each heavy chain comprises a heavy chain variable
region (abbreviated herein as HCVR or VH) and a heavy
chain constantregion. The heavy chain constant region
comprises the heavy chain constant domains CHl, CH2
and CH3 ( antibody classes IgA, IgD, and IgG) and
optionally the heavy chain constant domain CH4
(antibody classes IgE and IgM). Each light chain
comprises a light chain variable domain VL and a light
chain constant domain CL. The structure of one
naturally occurring whole antibody, the IgG antibody,
is shown e.g. in Fig.l. The variable domains VH and VL
can be further subdivided into regions of
hypervariability, termed complementarity determining
regions (CDR), interspersed with regions that are more
conserved, termed framework regions (FR). Each VH and
VL is composed of three CDRs and four FRs, arranged
from amino-terminus to carboxy-terminus in the
following order: FRl, CDRl, FR2, CDR2, FR3, CDR3, FR4
((Janeway, C.A., Jr. et al., Immunobiology, 5th ed.,
Garland Publishing (2001); and Woof J, Burton D Nat
Rev Immunol 4 (2004) 89-99). The two pairs of heavy
chain and light chain (HC/LC) are capable of
specifically binding to same antigen. Thus said whole
antibody is a bivalent, monospecific antibody. Such
"antibodies" include e.g. mouse antibodies, human
antibodies, chimeric antibodies, humanized antibodies
and genetically engineered antibodies (variant or
mutant antibodies) as long as their characteristic
properties are retained. Especially preferred are
human or humanized antibodies, especially as
recombinant human or humanized antibodies. There are
five types of mammalian antibody heavy chains denoted
by the Greek letters: a, d, , g, and m (Janeway, C.A.,
Jr., et al., Immunobiology, 5th ed., Garland
Publishing (2001)). The type of heavy chain present
defines the class of antibody; these chains are found
in IgA, IgD, IgE, IgG, and IgM antibodies,
respectively (Rhoades RA, Pflanzer RG (2002). Human
Physiology, 4th ed., Thomson Learning). Distinct heavy
chains differ in size and composition; a and g contain



approximately 450 amino acids, while m and e have
approximately 550 amino acids. Each heavy chain has
two regions, the constant region and the variable
region. The constant region is identical in all
antibodies of the same isotype, but differs in
antibodies of different isotype. Heavy chains g, a and
d have a constant region composed of three constant
domains CHl, CH2, and CH3 (in a line) , and a hinge
region for added flexibility (Woof, J., Burton D Nat
Rev Immunol 4 (2004) 89-99); heavy chains m and have a
constant region composed of four constant domains CHl,
CH2, CH3, and CH4 (Janeway, C.A., Jr., et al.,
Immunobiology, 5th ed., Garland Publishing (2001)).
The variable region of the heavy chain differs in
antibodies produced by different B cells, but is the
same for all antibodies producedby a single B cell or
B cell clone. The variable region of each heavy chain
is approximately 110 amino acids long and is composed
of a single antibody domain. In mammals there are only
two types of light chain, which are called lambda (l)
and kappa (K). A light chain has two successive
domains: one constant domain CL and one variable
domain VL. The approximate length of a light chain is
211 to 217 amino acids. Preferably the light chain is
a kappa (K) light chain, and the constant domain CL is
preferably C kappa (K). 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 "antibodies"
according to the invention can be of any class (e.g.
IgA, IgD, IgE, IgG, and IgM, preferably IgG or IgE),
or subclass (e.g., IgGl, IgG2, IgG3, IgG4, IgAl and
IgA2, preferably IgGl), whereby both antibodies, from
which the bivalent bispecific antibody according to
the invention is derived, have an Fc part of the same
subclass( e.g. IgGl, IgG4 and the like, preferably
IgGl), preferably of the same allotype (e.g.
Caucasian). A "Fc part of an antibody" is a term well
known to the skilled artisan and defined on the basis
of papain cleavage of antibodies. The antibodies
according to the invention contain as Fc part,
preferably a Fc part derived from human origin and
preferably all other parts of the human constant
regions. The Fc part of an antibody is directly
involved in complement activation, CIq binding, C3
activation and Fc receptor binding. While the
influence of an antibody on the complement system is
dependent on certain conditions, binding to CIq is
caused by defined binding sites in the Fc part. Such
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 binding sites are e.g. L234, L235, D270, N297,
E318, K320, K322, P331 and P329 (numbering according
to EU index of Kabat, see below). Antibodies of
subclass IgGl, IgG2 and IgG3 usually show complement
activation, CIq binding and C3 activation, whereas
IgG4 do not activate the complementsystem, do not bind
CIq and do not activate C3. Preferably the Fc part is
a human Fc part. 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; Brggemann, M., et al., Year Immunol. 7
(1993) 33-40). Human antibodies can also be produced
in phage display libraries (Hoogenboom, H.R., and
Winter, G., J. 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 et al.
are also available for the preparation of human
monoclonal antibodies (Cole, S.P.C., et al.,
Monoclonal Antibodies and Cancer Therapy, Alan R.
Liss, Inc., New York (1986), pp. 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 to generate 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
eachdomain 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" 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 by
such 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). The "constant domains" of
the heavy chain and of the light chain are not
involved directly in binding of an antibody to an
antigen, but exhibit various effector functions.
Depending on the amino acid sequence of the constant
region of their heavy chains, antibodies or
immunoglobulins are divided into the classes: The term
"bivalent, bispecific antibody" as used herein refers
to an antibody as described above in which each of the
two pairs of heavy chain and light chain (HC/LC) is
specifically binding to a different antigen, i.e. the
first heavy and the first light chain (originating
from an antibody against a first antigen) are
specifically binding together to a first antigen, and
, the second heavy and the second light chain
(originating from an antibody against a second antigen
) are specifically binding together to a second
antigen (as depicted in Fig. 2); such bivalent,
bispecific antibodies are capable of specifically
binding to two different antigens at the same time,
and not to more than two antigens, in contrary to, on
the one hand a monospecific antibody capable of
binding only to one antigen, and on the otherhand e.g.
a tetravalent, tetraspecific antibody which can bind
to four antigen 



molecules at the same time. According to the
invention, the ratio of a desired bivalent, bispecific
antibody compared to undesired side products can be
improved by the replacement of certain domains in only
one pair of heavy chain and light chain (HC/LC). While
the first of the two HC/LC pairs originates from an
antibody specifically binding to a first antigen and
is left essentially unchanged, the second of the two
HC/LC pairs originates from an antibody specifically
binding to a second antigen , and is altered by the
following replacement: - light chain: replacement of
the variable light chain domain VL by the variable
heavy chain domain VH of said antibody specifically
binding to a second antigen , and the constant light
chain domain CL by the constant heavy chain domain CHl
of said antibody specifically binding to a second
antigen , and - heavy chain: replacement of the
variable heavy chain domain VH by the variable light
chain domain VL of said antibody specifically binding
to a second antigen, and the constant heavy chain
domain CHl by the constant light chain domain CL of
said antibody specifically binding to a second
antigen. Thus the resulting bivalent, bispecific
antibodies are artificial antibodies which comprise a)
the light chain and heavy chain of an antibody
specifically binding to a first antigen; and b) the
light chain and heavy chain of an antibody
specifically binding to a second antigen, wherein said
light chain (of an antibody specifically binding to a
second antigen) contains a variable domain VH instead
of VL and a constant domain CHl instead of CL wherein
said heavy chain(of an antibody specifically binding
to a second antigen) contains a variable domain VL
instead ofVH and a constant domain CL instead of
CHl.In an additional aspect of the invention such
improved ratio of a desired bivalent, bispecific
antibody compared to undesired side products can be
further improved by one of the following two
alternatives: A) First alternative (see Fig. 3): The
CH3 domains of said bivalent, bispecific antibody
according to the invention can be altered by the
"knob-into-holes" technology which is described in
detail with several examples in e.g. WO 96/027011,
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. Therefore in preferred embodiment the CH3
domains of a bivalent, bispecific antibody wherein the
first CH3 domain and second CH3 domain each meet at an
interface which comprises an original interface
between the antibody CH3 domains are altered by the
"knob-into-holes" technology including further
stabilization by introduction of a disulfide bridge in
the CH3 domains (described in 



WO 96/027011, Ridgway, J.B., et al., Protein Eng 9
(1996) 617-621; Merchant, A.M., et al, Nature Biotech
16 (1998) 677-681; and Atwell, S., et al., J. MoI.
Biol. 270 (1997) 26-35) to promote the formation of
the bivalent, bispecific antibody. Thus in one aspect
of the invention said bivalent, bispecific antibody 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
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 another preferred embodiment of the
invention both CH3 domains are altered by the use of
residues R409D; K370E (K409D) for knobs residues and
D399K; E357K for hole residues described eg. in EP
1870459A1. or B) Second alternative (see Figure 4):by
the replacement of one constant heavy chain domain CH3
by a constant heavy chain domain CHl; and the other
constant heavy chain domain CH3is replaced by a
constant light chain domain CL. The constant heavy
chain domain CHl by which the heavy chain domain CH3
is replaced can be of any Ig class (e.g. IgA, IgD,
IgE, IgG, and IgM), or subclass (e.g., IgGl, IgG2,
IgG3, IgG4, IgAl and IgA2). The constant light chain
domain CL by which the heavy chain domain CH3 is
replaced can be of the lambda (l) or kappa (K) type,
preferably the kappa (K) type. Thus one preferred
embodiment of the invention is a bivalent, bispecific
antibody, comprising: 



a) the light chain and heavy chain of an antibody
specifically binding to a first antigen; and b) the
light chain and heavy chain of an antibody
specifically binding to a second antigen, wherein the
variable domains VL and VH are replaced by each other,
and wherein the constant domains CL and CHl are
replaced by each other, and wherein optionally c) 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: ca) 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, bispecificantibody, 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 cb) 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; or d) one constant heavy chain
domain CH3 is replaced by a constant heavy chain
domain CHl; and the other constant heavy chain domain
CH3 is replaced by a constant light chain domain CL
The terms "antigen" or "antigen molecule" as used
herein are used interchangeable and refer to all
molecules that can be specifically bound by an
antibody. The bivalent, bispecific antibody is
specifically binding to a first antigen and a second
distinct antigen. The term "antigens" as used herein
include e.g. proteins, different epitopes on proteins
(as different antigens within the meaning of the
invention), and polysaccharides. This mainly includes
parts (coats, capsules, cell walls, flagella, fimbrae,
and toxins) of bacteria, viruses, and other
microorganisms. Lipids and nucleic acids are antigenic
only when combined with proteins and polysaccharides. 



Non-microbial exogenous (non-self) antigens can
include pollen, egg white, and proteins from
transplanted tissues and organs or on the surface of
transfused blood cells. Preferably the antigen is
selected from the group consisting of cytokines,
cellsurface proteins, enzymes and receptors cytokines,
cell surface proteins, enzymes and receptors. Tumor
antigens are those antigens that are presented by MHC
I or MHC II molecules on the surface of tumor cells.
These antigens can sometimes be presented by tumor
cells and never by the normal ones. In this case, they
are called tumorspecific antigens (TSAs) and typically
result from a tumor specific mutation. More common are
antigens that are presented by tumor cells and normal
cells, and they are called tumor-associated antigens
(TAAs). Cytotoxic T lymphocytes that recognized these
antigens may be able to destroy the tumor cells before
they proliferate or metastasize. Tumor antigens can
also be on the surface of the tumor in the form of,
for example, a mutated receptor, in which case they
will be recognized by B cells. In one preferred
embodiment at least one of the two different antigens
(first and second antigen) , to which the bivalent,
bispecific antibody specifically binds to, is a tumor
antigen. In another preferred embodiment both of the
two different antigens (first and second antigen), to
which the bivalent, bispecific antibody specifically
binds to, are tumor antigens; in this case the first
and second antigen can also be two different epitopes
at the same tumor specific protein. In another
preferred embodiment one of the two different antigens
(first and second antigen), to which the bivalent,
bispecific antibody specifically binds to, is a tumor
antigen and the other is an effector cell antigen, as
e.g. an T-CeIl receptor, CD3, CD16 and the like. In
another preferred embodiment one of the two different
antigens (first and second antigen), to which the
bivalent, bispecific antibody specifically binds to,
is a tumor antigen and the other is an anti-cancer
substance such as a toxin or a kinase inhibitor. As
used herein, "specifically binding" or "binds
specifically to" refers to an antibody specifically
binding an antigen. Preferably the binding affinity of
the antibody specifically binding this antigen is of
KD-value of 10 9 mol/1 or lower (e.g. 10 10 mol/1),
preferably with a KD-value of 10 10 mol/1 or lower
(e.g. 10 12 mol/1). The binding affinity is determined
with a standard binding assay, such as surface plasmon
resonance technique (Biacore(r)) .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. An further embodiment
of the invention is a method for the preparation of a
bivalent, bispecific antibody according to the
invention comprising a) transforming a host cell with
-vectors comprising nucleic acid molecules encoding
the light chain and 



heavy chain of an antibody specifically binding to a
first antigen, and -vectors comprising nucleic acid
molecules encoding the light chain and heavy chain of
an antibody specifically binding to a second antigen,
wherein the variable domains VL and VH are replaced by
each other, and, wherein the constant domains CL and
CHl are replaced by each other; b) culturing the host
cell under conditions that allow synthesis of said
antibody molecule; and c) recovering said antibody
molecule from said culture. In general there are two
vectors encoding the light chain and heavy chain of
said antibody specifically binding to a first antigen,
and further two vectors encoding the light chain and
heavy chain of said antibody specifically binding to a
second antigen. One of the two vectors is encoding the
respective light chain and the other of the two
vectors is encoding the respective heavy chain.
However in an alternative method for the preparation
of a bivalent, bispecific antibody according to
theinvention, only one first vector encoding the light
chain and heavy chain of the antibody specifically
binding to a first antigen and only one second vector
encoding the light chain and heavy chain of the
antibody specifically binding to a second antigen can
be used for transforming the host cell. The invention
encompasses a method for the preparation of the
antibodies comprising culturing the corresponding host
cells under conditions that allow synthesis of said
antibody molecules and recovering said antibodies from
said culture, e.g. by expressing -a first nucleic acid
sequence encoding the light chain of an antibody
specifically binding to a first antigen; -a second
nucleic acid sequence encoding the heavy chain of said
antibody specifically binding to a first antigen; -a
third nucleic acid sequence encoding the light chain
of an antibody specifically binding to a second
antigen, wherein the variable light chain domain VL is
replaced by the variable heavy chain domain VH, and
wherein the constant light chain domain CL is replaced
by the constant heavy chain domain CHl; and -a fourth
nucleic acid sequence encoding the heavy chain of said
antibody specifically binding to a second antigen,
wherein the variable heavy chain domain VH is replaced
by the variable light chain domain VL, and wherein the
constant heavy chain domain CHl is replaced by the
constant light chain domain CL. A further embodiment
of the invention is a host cell comprising - vectors
comprising nucleic acid molecules encoding the light
chain and heavy chain of an antibody specifically
binding to a first antigen, and - vectors comprising
nucleic acid molecules encoding the light chain and
heavy chain of an antibody specifically binding to a
second antigen, wherein the variable domains VL and VH
are replaced by each other, and wherein the constant
domains CL and CHl are replaced by each other. A
further embodiment of the invention is a host cell
comprisinga) a vector comprising a nucleic acid
molecule encoding the light chain and a vector
comprising a nucleic acid molecule encoding the heavy
chain, of an antibody 



specifically binding to a first antigen, and b) a
vector comprising a nucleic acid molecule encoding the
light chain and a vector comprising a nucleic acid
molecule encoding the heavy chain, of an antibody
specifically binding to a second antigen, wherein the
variable domains VL and VH are replaced by each other,
and wherein the constant domains CL and CHl are
replaced by each other. A further embodiment of the
invention is a composition, preferably a
pharmaceutical or a diagnostic composition of the
bivalent, bispecific antibody according to the
invention. A further embodiment of the invention is a
pharmaceutical composition comprising a bivalent,
bispecific antibody according to the invention and at
least one pharmaceutically acceptable excipient. A
further embodiment of the invention is a method for
the treatment of a patient in need of therapy,
characterized by administering to the patient a
therapeutically effective amount of a bivalent,
bispecific antibody according to the invention. The
term "nucleic acid or nucleic acid molecule", as used
herein, is intended to include DNA molecules and RNA
molecules. A nucleic acid molecule may be
single-stranded or double-stranded, but preferably is
double-stranded DNA. 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.,
Virology 52 (1973) 456-467. However, other methods for
introducing DNA into cells such as by electroporation,
nucleofection, 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) 2110-2114.
Recombinant production of antibodies using
transformation is 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., et al.,
Arzneimittelforschung 48 (1998) 870-880 as well as in
US 6,331,415 and US 4,816,567. 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.The
bivalent, bispecific antibodies according to the
invention are preferably produced by recombinant
means. Such methods are widely known in the state of
the art and comprise protein expression in prokaryotic
and eukaryotic cells with subsequent isolation of the
antibody polypeptide and usually purification to a
pharmaceutically acceptable purity. For the protein
expression, nucleic acids encoding light and heavy
chains or fragments thereof 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).The bivalent,
bispecific antibodies may be present in whole cells,
in a cell lysate, or in a partially purified or
substantially pure form. Purification is performed in
order to eliminate other cellular components or other
contaminants, e.g. other cellular nucleic acids or
proteins, by standard techniques, including
alkaline/SDS treatment, column chromatography 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).
Expression in NSO cells is described by, e.g., Barnes,
L.M., et al., Cytotechnology 32 (2000) 109-123; and
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. Nucleic acid is
"operably linked" when it is placed into a functional
relationship with another nucleic acid sequence. For
example, DNA for a presequence or secretory leader is
operably linked to DNA for a polypeptide if it is
expressed as a preprotein 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 the sequence; or a ribosome
binding site is operably linked to a coding sequence
if it ispositioned 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. The bivalent, 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 are 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
bivalent, 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 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. Sequence Listing SEQ ID NO: 1 amino
acid sequence of wild type <IGF-1R> antibody heavy
chain SEQ ID NO: 2 amino acid sequence of wild type
<IGF-1R> antibody light chainSEQ ID NO: 3 amino acid
sequence of the heavy chain* (HC*) of <IGF-1R>
VL-VH/CL-CH1 exchange antibody, wherein the heavy
chain domain VH is replaced by the light chain domain
VL, and the heavy chain domain CHl is replaced by the
light chain domain CL. SEQ ID NO: 4 amino acid
sequence of the light chain* (LC*) of <IGF-1R>
VL-VH/CL-CH1 exchange antibody, wherein the light
chain domain VL is replaced by the heavy chain domain
VH, and the light chain domain CL is replaced by the
heavy chain domain CHl. SEQ ID NO: 5 amino acid
sequence of IGF-IR ectodomain His-Streptavidin binding
peptide-tag (IGF-1R-His-SBP ECD) SEQ ID NO: 6 amino
acid sequence of wild type Angiopoietin-2 <ANGPT2>
antibody heavy chain SEQ ID NO: 7 amino acid sequence
of wild type Angiopoietin-2 <ANGPT2> antibody light
chain SEQ ID NO: 8 amino acid sequence of the heavy
chain* (HC*) of <ANGPT2> VL-VH/CL-CH1 exchange
antibody, wherein the heavy chain domain VH is
replaced by the light chain domain VL, and the heavy
chain domain CHl is replaced by 



the light chain domain CL. SEQ ID NO: 9 amino acid
sequence of the light chain* (LC*) of <ANGPT2>
VL-VH/CL-CH1 exchange antibody, wherein the light
chain domain VL is replaced by the heavy chain domain
VH, and the light chain domain CL is replaced by the
heavy chain domain CHl. SEQ ID NO: 10 amino acid
sequence of CH3 domain (Knobs) with a T366W exchange
for use in the knobs-into-holes technology SEQ ID NO:
11 amino acid sequence CH3 domain (Hole) with a T366S,
L368A, Y407V exchange for use in the knobs-into-holes
technology SEQ ID NO: 12 amino acid sequence of wild
type <VEGF> antibody heavy chain SEQ ID NO: 13 and 14
amino acid sequence of wild type <VEGF> antibody light
chain with and without leaderSEQ ID NO: 15 amino acid
sequence of the heavy chain* (HC*) of <ANGPT2>
VL-VH/CL-CH1 exchange antibody, wherein the heavy
chain domain VH is replaced by the light chain domain
VL, and the heavy chain domain CHl is replaced by the
light chain domain CL and the CH3 domain carries an
amino acid sequence with a T366S, L368A, Y407V
exchange (Hole) for use in the knobs-into-holes
technology SEQ ID NO: 16 amino acid sequence of wild
type <VEGF> antibody heavy chain, wherein the CH3
domain carries an amino acid sequence with a T366W
(Knobs) exchange for use in the knobs-into-holes
technology SEQ ID NO: 17 amino acid sequence of the
heavy chain(G)* (HC*) of <ANGPT2> VL-VH/CL-CH1
exchange antibody, wherein the heavy chain domain VH
is replaced by the light chain domain VL, and the
heavy chain domain CHl is replaced by the light chain
domain CL with an additional Glycin insertion. SEQ ID
NO: 18 amino acid sequence of the light chain(G)*
(LC*) of <ANGPT2> VL-VH/CL-CH1 exchange antibody,
wherein the light chain domain VL is replaced by the
heavy chain domain VH, and the light chain domain CL
is replaced by the heavy chain domain CHl with an
additional Glycin insertion. Description of the
Figures Figure 1 Schematic figure of IgG, a naturally
occurring whole antibody specific for one antigen with
two pairs of heavy and light chain which comprise
variable and constant domains in a typical order.
Figure 2 Schematic figure of a bivalent, bispecific
antibody, comprising: a) the light chain and heavy
chain of an antibody specifically binding to a first
antigen; and b) the light chain and heavy chain of an
antibody specifically binding to a second antigen,
wherein the variable domains VL and VH are replaced by
each other, andwherein the constant domains CL and CHl
are replaced by each other. Figure 3 Schematic figure
of a bivalent, bispecific antibody, comprising: a) the
light chain and heavy chain of an antibody
specifically binding 



to a first antigen; and b) the light chain and heavy
chain of an antibody specifically binding to a second
antigen, wherein the variable domains VL and VH are
replaced by each other, and wherein the constant
domains CL and CHl are replaced by each other, and
wherein the CH3 domains of both heavy chains are
altered by the knobs-into-holes technology . Figure 4
Schematic figure of a bivalent, bispecific antibody,
comprising: a) the light chain and heavy chain of an
antibody specifically binding to a first antigen; and
b) the light chain and heavy chain of an antibody
specifically binding to a second antigen, wherein the
variable domains VL and VH are replaced by each other,
and wherein the constant domains CL and CHl are
replaced by each other, and wherein one of the
constant heavy chain domains CH3 of both heavy chains
is replaced by a constant heavy chain domain CHl, and
the other constant heavy chain domain CH3 is replaced
by a constant light chain domain CL. Figure 5 Protein
sequence scheme of the heavy chain* <IGF-1R> HC of the
<IGF-1R> VL-VH/CL-CH1 exchange antibody Figure 6
Protein sequence scheme of the light chain* <IGF-1R>
LC* of the <IGF-1R> VL-VH/CL-CH1 exchange antibody
Figure 7 Plasmid map of heavy chain* <IGF-1R> HC*
expression vector pUC-HC*-IGF-lR Figure 8 Plasmid map
of light chain* <IGF-1R> LC* expression vector
pUC-LC*-IGF-lR Figure 9 Plasmid map of the
4700-Hyg-OriP expression vector Figure 10 SDS-PAGE of
monospecific, bivalent <IGF-1R> VL-VH/CL-CH1 exchange
antibody (IgGl*) with HC* and LC* isolated
byimmunoprecipitation with Protein A Agarose from cell
culture supernatants after transient transfection of
HEK293E cells. Figure 11 Binding of monospecific
<IGF-1R> VL-VH/CL-CH1 exchange antibody and wildtype
<IGF-1R> antibody to the IGF-IR ECD in an ELISA-based
binding assay. Figure 12 Plasmid map of heavy chain*
<ANGPT2> HC* expression vector pUC-HC*-ANGPT2> Figure
13 Plasmid map of light chain* <ANGPT2> LC* expression
vector pUC-LC*-ANGPT2> Figure 14 Reduced and
non-reduced SDS-PAGE from purification of mix of A)
monospecific <IGF-1R> VL-VH/CL-CH1 exchange antibody,
B) bispecific <ANGPT2-IGF-1R> VL-VH/CL-CH1 exchange
antibody and C)<ANGPT2> wildtype antibodies
("Bispecific VL-VH/CL-CH1 exchange mix") from cell
culture supernatants by Protein A affinity
chromatography followed by size exclusion
chromatography and concentration Figure 15 Assay
principle of cellular FACS IGF- IR-ANGPT2 bridging
assay on 124 IGF-IR expressing cells to detect the
presence of functional bispecific <ANGPT2-IGF-1R>
VL-VH/CL-CH1 exchange antibody Figure 16 Results for
Samples A to G of cellular FACS IGF-1R-ANGPT2 bridging
assay on 124 IGF-IR expressing cells to detect the 



presence of functional bispecific <ANGPT2-IGF-1R>
VLVH/ CL-CH1 exchange antibody in cell culture
supernatants.Figure 17 Results for Samples A to G of
cellular FACS IGF-1R-ANGPT2 bridging assay on 124
IGF-IR expressing cells to detect the presence of
functional bispecific <ANGPT2-IGF-1R> VLVH/ CL-CH1
exchange antibody Figure 18 Scheme of the IGF-IR ECD
binding ELISA Figure 19 Scheme of the ANGPT2 binding
ELISA Figure 20 Scheme of the VEGF-ANGPT2 bridging
ELISAFigure 2 1 Scheme of the ANGPT2-VEGF bridging
Biacore assay Figure 22 SDS-PAGE of the purification
of <IGF-1R> VL-VH/CL-CH1 exchange antibody, purified
<IGF-1R> VL-VH/CL-CH1 exchange antibody corresponds to
SEC pool concentrated; B) size exclusion
chromatography of the purified <IGF-1R> VL-VH/CLCHl
exchange antibody Figure 23 SDS-PAGE of the
purification of <ANGPT2> VL-VH/CL-CH1 exchange
antibody, purified <ANPT2> VL-VH/CL-CH1 exchange
antibody corresponds to SEC pool concentrated); B)
size exclusion chromatography of the purified <ANGPT2>
VLVH/ CL-CHl exchange antibody Figure 24 Binding of
monospecific <ANGPt2> VL-VH/CL-CH1 exchange antibody
and wildtype <ANGPt2> antibody to ANGPT2 in an
ELISA-based binding assay. Figure 25 Biacore analysis
of binding of monospecific <ANGPt2> VLVH/ CL-CH1
exchange antibody and wildtype <ANGPt2> antibody to
ANGPT2 Figure 26 SDS-PAGE reduced and non-reduced of
the elution fractions from size exclusion
chromatography of the bispecific <VEGFANGPT2>
VL-VH/CL-CH1 exchange antibody Figure 27 Assignment of
bands in SDS-PAGE by mass spectrometry of native
fractions. The position of proteins identified by mass
spectrometry in the respective unreduced SDS-PAGE is
indicated Figure 28 Analysis of the elution fractions
5 and 9 from size exclusion chromatography of the
bispecific <VEGF-ANGPT2> VL-VH/CLCHl exchange antibody
in the VEGF-ANGPT2 bridging ELISA. A bispecific and
tetravalent antibody TvG6-Ang23 recognizing ANGPT2 and
VEGF simultaneously is included as positive control.
Figure 29 Surface Plasmon resonance analysis of the
elution fractions 5 and 9 from size exclusion
chromatography of the bispecific <VEGFANGPT2>
VL-VH/CL-CH1 exchange antibody in the VEGFANGPT2
bridging Biacore assay. A bispecific and tetravalent
antibody TvG6-Ang23 recognizing ANGPT2 and VEGF
simultaneously is included as positive control. Figure
30 Scheme of the bispecific <VEGF-ANGPT2> VL-VH/CL-CH1
exchange antibody with knobs-in-holes for
heterodimerization Figure 3 1 Biacore analysis of
binding of monospecific <ANGPT2> VLVH( G)/CL-CH1(G)
exchange antibody and wildtype <ANGPT2> antibody to
ANGPT2 Examples Materials &general methods 



General information regarding the nucleotide sequences
of human immunoglobulins light and heavy chains is
given in: Kabat, E.A., et al., Sequences of Proteins
of Immunological Interest, 5th ed., Public Health
Service, National Institutes of Health, Bethesda, MD
(1991). Amino acids of antibody chains are numbered
and referred to according to EU numbering (Edelman,
G.M., et al., Proc. Natl. Acad. Sci. USA 63 (1969)
78-85; Kabat, E.A., et al., Sequences of Proteins of
Immunological Interest, 5th ed., Public Health
Service, National Institutes of Health, Bethesda, MD,
(1991)). 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. Gene synthesis Desired gene segments
were prepared from oligonucleotides made by chemical
synthesis. The 600 - 1800 bp long gene segments, which
are flanked by singular restriction endonuclease
cleavage sites, were assembled by annealing and
ligation of oligonucleotides including PCR
amplification and subsequently cloned via the
indicated restriction sites e.g. Kpnl/ Sacl or
Ascl/Pacl into a pPCRScript(Stratagene) based pGA4
cloning vector. The DNA sequences of the subcloned
gene fragments were confirmed by DNA sequencing. Gene
synthesis fragments were ordered according to given
specifications at Geneart (Regensburg, Germany). DNA
sequence determination DNA sequences were determined
by double strand sequencing performed at MediGenomix
GmbH (Martinsried, Germany) or Sequiserve GmbH
(Vaterstetten, Germany). DNA and protein sequence
analysis and sequence data management The GCG's
(Genetics Computer Group, Madison, Wisconsin) software
package version 10.2 and Infomax's Vector NTl Advance
suite version 8.0 was used for sequence creation,
mapping, analysis, annotation and illustration.
Expression vectors For the expression of the described
antibodies variants of expression plasmids for
transient expression (e.g. in HEK293 EBNA or HEK293-F)
cells based either on a cDNA organization with a
CMV-Intron A promoter or on a genomic organization
with a CMV promoter were applied. Beside the antibody
expression cassette the vectors contained: - an origin
of replication which allows replication of this
plasmid in E. coli, and - a b-lactamase gene which
confers ampicillin resistance in E. coli. The
transcription unit of the antibody gene is composed of
the following elements: - unique restriction site(s)
at the 5' end - the immediate early enhancer and
promoter from the human cytomegalovirus, - followed by
the Intron A sequence in the case of the cDNA
organization, - a 5'-untranslated region of a human
antibody gene, - a immunoglobulin heavy chain signal
sequence,- the human antibody chain (wildtype or with
domain exchange) either as cDNA or as genomic
organization with an the immunoglobulin exon-intron
organization - a 3' untranslated region with a
polyadenylation signal sequence, and - unique
restriction site(s) at the 3' end. The fusion genes
comprising the described antibody chains as described
below were generated by PCR and/or gene synthesis and
assembled with known recombinant 



methods and techniques by connection of the according
nucleic acid segments e.g. using unique restriction
sites in the respective vectors. The subcloned nucleic
acid sequences were verified by DNA sequencing. For
transient transfections larger quantities of the
plasmids were prepared by plasmid preparation from
transformed E. coli cultures (Nucleobond AX,
Macherey-Nagel). Cell culture techniques Standard cell
culture techniques were used as described in Current
Protocols in Cell Biology (2000), Bonifacino, J.S.,
Dasso, M., Harford, J.B., Lippincott-Schwartz, J. and
Yamada, K.M. (eds.), John Wiley &Sons, Inc. Bispecific
antibodies were expressed by transient co-transfection
of the respective expression plasmids in adherently
growing HEK293-EBNA or in HEK29-F cells growing in
suspension as described below. Transient transfections
in HEK293-EBNA system Bispecific antibodies were
expressed by transient co-transfection of the
respective expression plasmids (e.g. encoding the
heavy and modified heavy chain, as well as the
corresponding light and modified light chain) in
adherently growing HEK293- EBNA cells (human embryonic
kidney cell line 293 expressing Epstein-Barr- Virus
nuclear antigen; American type culture collection
deposit number ATCC # CRL- 10852, Lot. 959 218)
cultivated in DMEM (Dulbecco's modified Eagle's
medium, Gibco) supplemented with 10% Ultra Low IgG FCS
(fetal calf serum, Gibco), 2 mM L-Glutamine (Gibco),
and 250 mg/ml Geneticin (Gibco). For transfection
FuGENE(tm) 6 Transfection Reagent (Roche Molecular
Biochemicals) was used in a ratio of FuGENE(tm)
reagent (ml) to DNA (mg) of 4:1 (ranging from 3:1 to
6:1). Proteins were expressed from the respective
plasmids using a molar ratio of (modified and
wildtype) light chain and heavy chain encoding
plasmids of 1:1(equimolar) ranging from 1:2 to 2:1,
respectively. Cells were feeded at day 3 with
LGlutamine ad 4 mM, Glucose [Sigma] and NAA [Gibco].
Bispecific antibody containing cell culture
supernatants were harvested from day 5 to 1 1 after
transfection by centrifugation and stored at -200C.
General information regarding the recombinant
expression of human immunoglobulins in e.g. HEK293
cells is given in: Meissner, P. et al., Biotechnol.
Bioeng. 75 (2001) 197-203. Transient transfections in
HEK293-F system Bispecific antibodies were generated
by transient transfection of the respective plasmids
(e.g. encoding the heavy and modified heavy chain, as
well as the corresponding light and modified light
chain) using the HEK293-F system (Invitrogen)
according to the manufacturer's instruction. Briefly,
HEK293-F cells (Invitrogen) growing in suspension
either in a shake flask or in a stirred fermenter in
serumfree FreeStyle 293 expression medium (Invitrogen)
were transfected with a mix of the four expression
plasmids and 293fectin or fectin (Invitrogen). For 2 L
shake flask (Corning) HEK293-F cells were seeded at a
density of 1.0E*6 cells/mL in 600 mL and incubated at
120 rpm, 8% CO2. The day after the cells were
transfected at a cell density of ca. 1.5E*6 cells/mL
with ca. 42 mL mix of A) 20 mL Opti-MEM (Invitrogen)
with 600 mg total plasmid DNA ( 1 mg/mL) encoding the
heavy or modified heavy chain, respectively and the
corresponding light chain in an equimolar ratio and B)
20 ml Opti-MEM + 1.2 mL 293 fectin or fectin (2
ml/mL). According to the glucose consumption glucose
solution was added during the course of the
fermentation. The supernatant containing the secreted
antibody was harvested after 5-10 days and antibodies
were either directly purified from the supernatant or
the supernatant was frozen and stored. 



Protein determination The protein concentration of
purified antibodies and derivatives was determined by
determining the optical density (OD) at 280 nm, using
the molar extinction coefficient calculated on the
basis of the amino acid sequence according to Pace,
C.N., et. al., Protein Science, 1995, 4, 241
1-1423.Antibody concentration determination in
supernatants The concentration of antibodies and
derivatives in cell culture supernatants was estimated
by immunoprecipitation with Protein A Agarose-beads
(Roche). 60 mL Protein A Agarose beads are washed
three times in TBS-NP40 (50 mM Tris, pH 7.5, 150 mM
NaCl, 1% Nonidet-P40). Subsequently, 1 -15 mL cell
culture supernatant were applied to the Protein A
Agarose beads pre- equilibrated in TBS-NP40. After
incubation for at 1 h at room temperature the beads
were washed on an Ultrafree- MC-filter column (Amicon]
once with 0.5 mL TBS-NP40, twice with 0.5 mL 2x
phosphate buffered saline (2xPBS, Roche) and briefly
four times with 0.5 mL 100 mM Na-citrate pH 5,0. Bound
antibody was eluted by addition of 35 ml NuPAGE(r) LDS
Sample Buffer (Invitrogen). Half of the sample was
combined with NuPAGE(r) Sample Reducing Agent or left
unreduced, respectively, and heated for 10 min at
700C. Consequently, 5-30 ml were applied to an 4-12%
NuPAGE(r) Bis-Tris SDSPAGE (Invitrogen) (with MOPS
buffer for non-reduced SDS-PAGE and MES buffer with
NuPAGE(r) Antioxidant running buffer additive
(Invitrogen) for reduced SDS-PAGE) and stained with
Coomassie Blue. The concentration of antibodies and
derivatives in cell culture supernatants was
quantitatively measured by affinity HPLC
chromatography. Briefly, cell culture supernatants
containing antibodies and derivatives that bind to
Protein A were applied to an Applied Biosystems Poros
A/20 column in 200 mM KH2PO4, 100 mM sodium citrate,
pH 7.4 and eluted from the matrix with 200 mM NaCl,
100 mM citric acid, pH 2,5 on an Agilent HPLC 1100
system. The eluted protein was quantified by UV
absorbance and integration of peak areas. A purified
standard IgGl antibody served as a standard.
Alternatively, the concentration of antibodies and
derivatives in cell culture supernatants was measured
by Sandwich-IgG-ELISA. Briefly, StreptaWell High Bind
Strepatavidin A-96 well microtiter plates (Roche) were
coated with 100 mL/well biotinylated anti-human IgG
capture molecule F(ab')2<h-Fc g> BI (Dianova) at 0.1
mg/mL for 1 h at room temperature or alternatively
over night at 4C and subsequently washed three times
with 200 mL/well PBS, 0.05% Tween (PBST, Sigma). 100
mL/well of a dilution series in PBS (Sigma) of the
respective antibody containing cell culture
supernatants was added to the wells and incubated for
1-2 h on a microtiterplate shaker at room temperature.
The wells were washed three times with 200 mL/well
PBST and bound antibody was detected with 100
mlF(ab')2<hFc g>POD (Dianova) at 0.1 mg/mL as
detection antibody for 1-2 h on a microtiterplate
shaker at room temperature. Unbound detection antibody
was washed away three times with 200 mL/well PBST and
the bound detection antibody was detected by addition
of 100 mL ABTS/well. Determination of absorbance was
performed on a Tecan Fluor Spectrometer at a
measurement wavelength of 405 nm (reference wavelength
492 nm). Protein purification Proteins were purified
from filtered cell culture supernatants referring to
standard protocols. In brief, antibodies were applied
to a Protein A Sepharose column (GE healthcare) and
washed with PBS. Elution of antibodies was achieved at
pH 2.8 followed by immediate neutralization of the
sample. Aggregated protein was 



separated from monomeric antibodies by size exclusion
chromatography (Superdex 200, GE Healthcare) in PBS or
in 20 mM Histidine, 150 mM NaCl pH 6.0. Monomeric
antibody fractions were pooled, concentrated if
required using e.g. a MILLIPORE Amicon Ultra (30 MWCO)
centrifugal concentrator, frozen and stored at -200C
or -800C. Part of the samples were provided for
subsequent protein analytics and analytical
characterization e.g. by SDS-PAGE, size exclusion
chromatography or mass spectrometry. SDS-PAGE The
NuPAGE(r) Pre-Cast gel system (Invitrogen) was used
according to the manufacturer's instruction. In
particular, 10% or 4-12% NuPAGE(r) Novex(r) Bis- TRIS
Pre-Cast gels (pH 6.4) and a NuPAGE(r) MES (reduced
gels, with NuPAGE(r) Antioxidant running buffer
additive) or MOPS (non-reduced gels) running buffer
was used. Analytical size exclusion chromatography
Size exclusion chromatography for the determination of
the aggregation and oligomeric state of antibodies was
performed by HPLC chromatography. Briefly, Protein A
purified antibodies were applied to a Tosoh TSKgel
G3000SW column in 300 mM NaCl, 50 mM KH2PO4/K2HPO4, pH
7.5 on an Agilent HPLC 1100 system or to a Superdex
200 column (GE Healthcare) in 2 x PBS on a Dionex
HPLC-System. The eluted protein was quantified by UV
absorbance andintegration of peak areas. BioRad Gel
Filtration Standard 151-1901 served as a standard.
Mass spectrometry The total deglycosylated mass of
crossover antibodies was determined and confirmed via
electrospray ionization mass spectrometry (ESI-MS).
Briefly, 100 mg purified antibodies were
deglycosylated with 50 mU N-Glycosidase F (PNGaseF,
ProZyme) in 100 mM KH2PO4/K2HPO4, pH 7 at 37C for
12-24 h at a protein concentration of up to 2 mg/ml
and subsequently desalted via HPLC on a Sephadex G25
column (GE Healthcare). The mass of the respective
heavy and light chains was determined by ESI-MS after
deglycosylation and reduction. In brief, 50 mg
antibody in 115 ml were incubated with 60 ml IM TCEP
and 50 ml 8 M Guanidinehydrochloride subsequently
desalted. The total mass and the mass of the reduced
heavy and light chains was determined via ESI-MS on a
Q-Star Elite MS system equipped with a NanoMate
source. IGF-IR ECD binding ELISA The binding
properties of the generated antibodies were evaluated
in an ELISA assay with the IGF-IR extracellular domain
(ECD). For this sake the extracellular domain of
IGF-IR (residues 1-462) comprising the natural leader
sequence and the LI-cysteine rich-12 domains of the
human IGF-IR ectodomain of the alpha chain (according
to the McKern et al., 1997; Ward et al., 2001) fused
to an N-terminal His-Streptavidin binding peptide-tag
(His-SBP) was cloned into a pcDNA3 vector derivative
and transiently expressed in HEK293F cells. The
protein sequence of the IGF-IR-His-SBP ECD is given in
SEQ ID NO: 5. StreptaWell High Bind Strepatavidin A-96
well microtiter plates (Roche) were coated with 100
mL/well cell culture supernatant containing soluble
IGF-IR-ECD-SBP fusion protein over night at 4C and
washed three times with 200 mL/well PBS, 0.05% Tween
(PBST, Sigma). Subsequently, 100 mL/well of a dilution
series of the respective antibody and as a reference
wildtype <IGF-1R> antibody in PBS (Sigma) including 1%
BSA (fraction V, Roche) was added to the wells and
incubated for 1-2 h on a micro titerplate 



shaker at room temperature. For the dilution series
either the same amount of purified antibody as a
reference or supernatants from transient transfection
in HEK293E (HEK293F) normalized by Sandwich-IgG-ELISA
for the same antibody concentration were applied to
the wells. The wells were washed three times with 200
mL/well PBST and bound antibody was detected with 100
mL/well F(ab')2<hFc g>POD (Dianova) at 0.1 mg/mL as
detection antibody for 1-2 h on amicrotiterplate
shaker at room temperature. Unbound detection antibody
was washed away three times with 200 mL/well PBST and
the bound detection antibody was detected by addition
of 100 mL ABTS/well. Determination of absorbance was
performed on a Tecan Fluor Spectrometer at a
measurement wavelength of 405 nm (reference wavelength
492 nm). IGF-IR ECD Biacore Binding of the generated
antibodies to human IGF-IR ECD was also investigated
by surface plasmon resonance using a BIACORE TlOO
instrument (GE Healthcare Biosciences AB, Uppsala,
Sweden). Briefly, for affinity measurements Goat-Anti-
Human IgG, JIR 109-005-098 antibodies were immobilized
on a CM5 chip via amine coupling for presentation of
the antibodies against human IGF-IR ECD-Fc tagged.
Binding was measured in HBS buffer (HBS-P (10 mM
HEPES, 150 mM NaCl, 0.005% Tween 20, ph 7.4), 25C.
IGF-IR ECD (R&D Systems or in house purified) was
added in various concentrations in solution.
Association was measured by an IGF-IR ECD injection of
80 seconds to 3 minutes; dissociation was measured by
washing the chip surface with HBS buffer for 3 - 10
minutes and a KD value was estimated using a 1:1
Langmuir binding model. Due to low loading density and
capturing level of <IGF-1R> antibodies monovalent
IGF-IR ECD binding was obtained. Negative control data
(e.g. buffer curves) were subtracted from sample
curves for correction of system intrinsic baseline
drift and for noise signal reduction. Biacore TlOO
Evaluation Software version 1.1.1 was used for
analysis of sensorgrams and for calculation of
affinity data (Figure 18). ANGPT2 binding ELISA The
binding properties of the generated antibodies were
evaluated in an ELISA assay with full-length
ANGPT2-His protein (R&D Systems). For this sake Falcon
polystyrene clear enhanced microti ter plates were
coated with 100 ml 1 mg/mL recombinant human ANGPT2
(R&D Systems, carrier-free) in PBS for 2 h at room
temperature or over night at 4C. The wells were washed
three times with 300ml PBST (0,2% Tween 20) and
blocked with 200 ml 2% BSA 0,1% Tween 20 for 30 min at
room temperature and subsequently washed three times
with 300ml PBST. 100 mL/well of a dilution series of
purified <ANGPT2> VL-VH/CL-CH1 exchange antibody and
as a reference wildtype <ANGPT2> antibody in PBS
(Sigma) were added to the wells and incubated for 1 h
on a microtiterplate shaker at room temperature. The
wells were washed three times with 300ml PBST (0,2%
Tween 20)and bound antibody was detected with 100
mL/well 0.1 mg/ml F(ab') <hk>POD (Biozol Cat.No.
206005) or 100 mL/well 0.1 mg/ml F(ab') <hFcg>POD
(Immuno research) in 2% BSA 0,1% Tween 20 in 2% BSA
0,1% Tween 20 as detection antibody for 1 h on a
microtiterplate shaker at room temperature. Unbound
detection antibody was washed away three times with
300 mL/well PBST and the bound detection antibody was
detected by addition of 100 mL ABTS/well.
Determination of absorbance was performed on a Tecan
Fluor Spectrometer at a measurement wavelength of 405
nm (reference wavelength 492 nm). ANGPT2 binding
BIACORE Binding of the generated antibodies to human
ANGPT2 was also investigated by 



surface plasmon resonance using a BIACORE TlOO
instrument (GE Healthcare Biosciences AB, Uppsala,
Sweden). Briefly, for affinity measurements
goat<hIgGFcg> polyclonal antibodies were immobilized
on a CM5 or CM4 chip via amine coupling for
presentation of the antibodies against human ANGPT2.
Binding was measured in HBS buffer (HBS-P (10 mM
HEPES, 150 mM NaCl, 0.005% Tween 20, ph 7.4), with or
without 5 mM Ca2+, 25C. Purified ANGPT2-His (R&D
Systems or in house purified) was added in various
concentrations in solution. Association was measured
by an ANGPT2-injection of 3 minutes; dissociation was
measured by washing the chip surface with HBS buffer
for 3 to 5 minutes and a KD value was estimated using
a 1:1 Langmuir binding model. Due to heterogenity of
the ANGPT2 preparation no 1:1 binding could be
observed; KD values are thus only relative
estimations. Negative control data (e.g. buffer
curves) were subtracted from sample curves for
correction of system intrinsic baseline drift and for
noise signal reduction. Biacore TlOO Evaluation
Software version 1.1.1 was used for analysis of
sensorgrams and for calculation of affinity data
(Figure 19) Inhibition of hANGPT2 binding to Tie-2-ECD
(ELISA) To test the ability of ANGPT2 antibodies to
interfere with Tie2 binding the following ELISA was
set up. The test was performed on 384 well microtiter
plates (MicroCoat, DE, Cat.No. 464718) at RT. After
each incubation step plates were washed 3 times with
PBST. At the beginning, plates were coated with 0.5
mg/ml Tie-2 protein (R&D Systems, UK, Cat.No.313-TI)
for at least 2 hours(h). Thereafter the wells were
blocked with PBS supplemented with 0.2% Tween-20 and
2% BSA (Roche Diagnostics GmbH, DE) for 1 h. Dilutions
of purified antibodies in PBS were incubated together
with 0.2 mg/ml huANGPT2 (R&D Systems,UK, Cat.No.
623-AN) for 1 h at RT. After washing a mixture of 0.5
mg/ml biotinylated anti-ANGPT2 clone BAM0981 (R&D
Systems,UK) and 1:3000 diluted streptavidin HRP (Roche
Diagnostics GmbH, DE, Cat.No. 11089153001) was added
for 1 h. Thereafter the plates were washed 6 times
with PBST. Plates were developed with freshly prepared
ABTS reagent (Roche Diagnostics GmbH, DE, buffer #204
530 001, tablets #11 112 422 001) for 30 minutes at
RT. Absorbance was measured at 405 nm. ANGPT2-VEGF
bridging ELISA The binding properties of the generated
bispecific antibodies was evaluated in an ELISA assay
with immobilized full-length VEGF165-His protein (R&D
Systems) and human ANGPT2-His protein (R&D Systems)
for detection of simultaneously bound bispecific
antibody. Only a bispecific antibody is able to bind
simultaneously to VEGF and ANGPT2 and thus bridge the
two antigens whereas monospecific "standard" IgGl
antibodies should not be capable of simultaneously
binding to VEGF and ANGPT2. For this sake Falcon
polystyrene clear enhanced microtiter plates were
coated with 100 ml 2 mg/mL recombinant human VEGF165
(R&D Systems) in PBS for 2 h at room temperature or
over night at 4C. The wells were washed three times
with 300ml PBST (0,2% Tween 20) and blocked with 200
ml 2% BSA 0,1% Tween 20 for 30 min at room temperature
and subsequently washed three times with 300ml PBST.
100 mL/well of a dilution series of purified
bispecific antibody and control antibodies in PBS
(Sigma) was added to the wells and incubated for 1 h
on a microtiterplate shaker at room temperature. The
wells were washed three times with 300ml PBST (0,2%
Tween 20) and bound antibody was detected by addition
of 100 ml 0.5 mg/ml human ANGPT2-His (R&D Systems) in
PBS. The wells were washed three times with 300ml PBST
(0,2% Tween 20) and 



bound ANGPT2 was detected with 100 ml 0.5 mg/mL
<ANGPT2>mIgGl-Biotin antibody (BAM0981, R&D Systems)
for 1 h at room temperature. Unbound detection
antibody was washed away with three times 300ml PBST
(0,2% Tween 20) and bound antibody was detected by
addition of 100 ml 1:2000 Streptavidin-PODconjugate
(Roche Diagnostics GmbH, Cat. No. 11089153) 1:4
diluted in blocking buffer for Ih at room temperature.
Unbound Streptavidin-POD conjugate was washed away
with three-six times 300ml PBST (0,2% Tween 20) and
bound Strepatavidin-POD conjugate was detected by
addition of 100 mL ABTS/well. Determination of
absorbance was performed on a Tecan Fluor Spectrometer
at a measurement wavelength of 405 nm (reference
wavelength 492 nm) (Figure 20). Biacore assay to
detect simultaneous binding of bispecific antibodies
to VEGF and ANGPT2 In order to further corroborate the
data from the bridging ELISA an additional assay was
established using surface plasmon resonance technology
on a Biacore TlOO instrument to confirm simultaneous
binding to VEGF and ANGPT2 according to the following
protocol. Data were analyzed using the TlOO software
package: ANGPT2 was captured with a capture level of
2000-1700 RU via a PentaHisAntibody (PentaHis-Ab
BSA-free, Qiagen No. 34660) that was immobilized on a
CM5 chip via amincoupling (BSA-free). HBS-N buffer
served as running buffer, activation was done by
mixture of EDC/NHS. The PentaHis-Ab BSA-free
Capture-Antibody was diluted in coupling buffer NaAc,
pH 4.5, c = 30 mg/mL, finally still activated carboxyl
groups were blocked by injection of 1 M Ethanolamin,
ligand densities of 5000 and 17000 RU were tested.
ANGPT2 with a concentration of 500 nM was captured by
the PentaHis-Ab at a flow of 5 mL/min diluted with
running buffer + 1 mg/mL BSA. Subsequently, bispecific
antibody binding to ANGPT2 and to VEGF was
demonstrated by incubation with rhVEGF. For this sake,
bispecific antibody was bound to ANGPT2 at a flow of
50 mL/min and a concentration of 100-500 nM, diluted
with running buffer + 1 mg/mL BSA and simultaneous
binding was detected by incubation with VEGF (rhVEGF,
R&DSystems Cat.-No, 293-VE) in PBS + 0.005 % (v/v)
Tween20 running buffer + 1 mg/ml BSA at a flow of 50
mL/min and a VEGF concentration of 100-150 nM.
Association time 120 sec, dissociation time 1200 sec.
Regeneration was done at a flow of 50 mL/min with 2 x
10 mM Glycin pH 2.0 and a contact time of 60 sec.
Sensorgrams were corrected using the usual double
referencing (control reference: binding of bispecific
antibody and rhVEGF to capture molecule PentaHisAb).
Blanks for each Ab were measured with rhVEGF
concentration "0". A scheme of the Biacore assay is
shown in Figure 21. Sensorgrams were corrected using
the usual double referencing (control reference:
binding of bispecific Ab and rhVEGF tocapture molecule
PentaHisAb . Blanks for each Ab were measured with
rhVEGF concentration "0". Examples 1: Production,
expression, purification and characterization of
monospecific, bivalent <IGF-1R> antibody, wherein the
variable domains VL and VH are replaced by each other,
and wherein the constant domains CL and CHl are
replaced by each other (abbreviated herein as <IGF-1R>
VL-VH/CL-CH1 exchange antibody). Example IA Making of
the expression plasmids for the monospecific, bivalent
<IGF-1R> VLVH/ CL-CH 1 exchange antibody. The
sequences for the heavy and light chain variable
domains of the monospecific, bivalent Insulin-like
Growth Factor 1 Receptor <IGF-1R> VL-VH/CL-CH1 



exchange antibody including the respective leader
sequences described in this example are derived from
wild type <IGF-1R> antibody heavy chain (SEQ ID NO: 1,
plasmid 4843-pUC-HC-IGF-lR) and a light chain (SEQ ID
NO: 2, plasmid 4842-pUC-LC-IGF-lR) described in WO
2005/005635, and the heavy and light chain constant
domains are derived from a human antibody (C-kappa and
IgGl). The gene segments encoding the <IGF-1R>
antibody leader sequence, light chain variable domain
(VL) and the human kappa-light chain constant domain
(CL) were joined and fused to the 5'-end of the Fc
domains of the human g l -heavy chain constant domains
(Hinge-CH2-CH3). The DNA coding for the respective
fusion protein resulting from the exchange of VH and
CHl domains by VL and CL domains was generated by gene
synthesis and is denoted <IGF-1R> HC (Heavy Chain*)
(SEQ ID NO: 3) in the following. The gene segments for
the <IGF-1R> antibody leader sequence, heavy chain
variable domain (VH) and the human g l -heavy chain
constant domains (CHl) were joined as independent
chain. The DNA coding for the respective fusion
protein resulting from the exchange of VL and CL
domains by VH and CHl domains was generated by gene
synthesis and is denoted <IGF-1R> LC (Light Chain)*
(SEQ ID NO: 4) in the following.Figure 5 and Figure 6
show a schematic view of the protein sequence of the
modified <IGF-1R> HC heavy chain* and the modified
<IGF-1R> LC* light chain*. In the following the
respective expression vectors are briefly described:
Vector DW047-pUC-HC*-IGF- IR Vector DW047-pUC-HC*-
IGF-IR is an expression plasmid e.g. for transient
expression of a <IGF-1R> heavy chain* HC* (cDNA
organized expression cassette; with CMV-Intron A in
HEK293 (EBNA) cells or for stable expression in CHO
cells. Beside the <IGF-1R> HC* expression cassette
this vector contains: - an origin of replication from
the vector pUC18 which allows replication of this
plasmid in E. coli, and - a b-lactamase gene which
confers ampicillin resistance in E. coli. The
transcription unit of the <IGF-1R> HC* gene is
composed of the following elements: - the unique Ascl
restriction site at the 5'-end - the immediate early
enhancer and promoter from the human cytomegalovirus,
- followed by the Intron A sequence, - a
5'-untranslated region of a human antibody gene, - a
immunoglobulin light chain signal sequence, - the
human <IGF-1R> mature HC* chain encoding a fusion of
the human light chain variable domain (VL) and the
human kappa-light chain constant domain (CL) fused to
the 5'-end of the Fc domains of the human g l-heavy
chain constant domains (Hinge-CH2-CH3). - a 3'
untranslated region with a polyadenylation signal
sequence, and - the unique restriction site SgrAI at
the 3'-end.The plasmid map of the <IGF-1R> HC*
expression vector DW047-pUC-HC*-IGFIR is shown in
Figure 7. The amino acid sequence of the <IGF-1R> HC
(including signal sequence) is given in SEQ ID NO: 3.
Vector DW048-pUC-LC*-IGF-lR Vector
DW048-pUC-LC*-IGF-lR is an expression plasmid e.g. for
transient expression of a VL-VH/CL-CH1 exchange
<IGF-1R> light chain* LC* (cDNA organized expression
cassette; with CMV-Intron A in HEK293 (EBNA) cells or
for 



stable expression in CHO cells. Beside the <IGF-1R>
LC* expression cassette this vector contains: - an
origin of replication from the vector pUC18 which
allows replication of this plasmid in E. coli, and - a
b-lactamase gene which confers ampicillin resistance
in E. coli. The transcription unit of the <IGF-1R> LC*
gene is composed of the following elements: - the
unique restriction site Sse8387I at the 5' end - the
immediate early enhancer and promoter from the human
cytomegalovirus, - followed by the Intron A sequence,
- a 5'-untranslated region of a human antibody gene, -
a immunoglobulin heavy chain signal sequence, - the
human <IGF-1R> antibody mature LC* chain encoding a
fusion of the human heavy chain variable domain (VH)
and the human g l-heavy chain constant domains (CHl).
- a 3' untranslated region with a polyadenylation
signal sequence, and - the unique restriction sites
Sail and Fsel at the 3'-end. The plasmid map of the
light chain* <IGF-1R> LC* expression vector DW048-
pUC-LC*-IGF-lR is shown in Figure 8. The amino acid
sequence of the <IGF-1R> LC* (including signal
sequence) is given in SEQ ID NO: 4.Plasmids
DW047-pUC-HC*-IGF-lR and DW048-pUC-LC*-IGF-lR can be
used for transient or stable co-transfections e.g.
into HEK293, HEK293 EBNA or CHO cells (2-vector
system). For comparative reasons the wildtype <IGF-1R>
antibody was transiently expressed from plasmids
4842-pUC-LC-IGF-lR (SEQ ID NO: 2) and
4843-pUC-HC-IGF-lR (SEQ ID NO: 1) analogous to the
ones described in this example. In order to achieve
higher expression levels in transient expressions in
HEK293 EBNA cells the <IGF-1R> HC expression cassette
can be sub-cloned via Ascl, SgrAI sites and the
<IGF-1R> LC* expression cassette can be sub-cloned via
Sse8387I and Fsel sites into the 4700 pUC-Hyg_OriP
expression vector containing - an OriP element, and -
a hygromycine resistance gene as a selectable marker.
Heavy and light chain transcription units can either
be sub-cloned into two independent 4700-pUC-Hyg-OriP
vectors for co-transfection (2-vector system) or they
can be cloned into one common 4700-pUC-Hyg-OriP vector
( 1-vector system) for subsequent transient or stable
transfections with the resulting vectors. Figure 9
shows a plasmid map of the basic vector 4700-pUC-OriP.
Example IB Making of the monospecific, bivalent
<IGF-1R> VL-VH/CL-CH1 exchange antibody expression
plasmids The <IGF-1R> fusion genes (HC* and LC* fusion
genes) comprising the exchanged Fab sequences of the
wildtype <IGF-1R> antibody were assembled with known
recombinant methods and techniques by connection of
the according nucleic acid segments. The nucleic acid
sequences encoding the IGF-IR HC* and LC* were each
synthesized by chemical synthesis and subsequently
cloned into a pPCRScript (Stratagene) based pGA4
cloning vector at Geneart (Regensburg, Germany). The
expression cassette encoding the IGF-IR HC* was
ligated into the respective E. coli plasmid via PvuII
and BmgBI restriction sites resulting in the final
vector DW047- 



pUC-HC*-IGF-lR; the expression cassette encoding the
respective IGF-IR LC* wasligated into the respective
E. coli plasmid via PvuII and Sail restriction sites
resulting in the final vector DW048-pUC-LC*-IGF-lR.
The subcloned nucleic acid sequences were verified by
DNA sequencing. For transient and stable transfections
larger quantities of the plasmids were prepared by
plasmid preparation from transformed E. coli cultures
(Nucleobond AX, Macherey-Nagel). Example 1C Transient
expression of monospecific, bivalent <IGF-1R> VL-VH/
CL-CHl exchange antibody in HEK293 EBNA cells
Recombinant <IGF-1R> VL-VH/CL-CH1 exchange antibody
was expressed by transient co-transfection of plasmids
DW047-pUC-HC*-IGF-lR and DW048- pUC-LC*-IGF-lR in
adherently growing HEK293-EBNA cells (human embryonic
kidney cell line 293 expressing Epstein-Barr-Virus
nuclear antigen; American type culture collection
deposit number ATCC # CRL-10852, Lot. 959 218)
cultivated in DMEM (Dulbecco's modified Eagle's
medium, Gibco) supplemented with 10% Ultra Low IgG FCS
(fetal calf serum, Gibco), 2 mM L-Glutamine (Gibco),
and 250 mg/ml Geneticin (Gibco). For transfection
FuGENE(tm) 6 Transfection Reagent (Roche Molecular
Biochemicals) was used in a ratio of FuGENE(tm)
reagent (ml) to DNA (mg) of 4:1 (ranging from 3:1 to
6:1). Light and heavy chain plasmids encoding <IGF-1R>
HC* and LC (plasmids DW047-pUC-HC*-IGF-lR and
DW048-pUC-LC*-IGF-lR) were expressed from two
different plasmids using a molar ratio of light chain
to heavy chain encoding plasmids of 1:1 (equimolar)
ranging from 1:2 to 2:1, respectively. Cells were
feeded at day 3 with L-Glutamine ad 4 mM, Glucose
[Sigma] and NAA [Gibco]. <IGF-1R> VL-VH/CL-CH1
exchange antibody containing cell culture supernatants
were harvested from day 5 to 11 after transfection by
centrifugation and stored at -200C. General
information regarding the recombinant expression of
human immunoglobulins in e.g. HEK293 cells is given
in: Meissner, P. et al., Biotechnol. Bioeng. 75 (2001)
197-203. Example ID Immunoprecipitation of
monospecific, bivalent <IGF- 1R> VL-VH/CL-CHl exchange
antibodyMonospecific, bivalent <IGF-1R> VL-VH/CL-CH1
exchange antibody was isolated from cell culture
supernatants (example 1C) by immunoprecipitation with
Protein A Agarose-beads (Roche). 60 mL Protein A
Agarose beads were washed three times in TBS-NP40 (50
mM Tris, pH 7.5, 150 mM NaCl, 1% Nonidet-P40).
Subsequently, 1 -15 mL cell culture supernatant were
applied to the Protein A Agarose beads
pre-equilibrated in TBS-NP40. After incubation for at
1 h at room temperature the beads were washed on an
Ultrafree-MC-filter column (Amicon] once with 0.5 mL
TBS-NP40, twice with 0.5 mL 2x phosphate buffered
saline (2xPBS, Roche) and briefly four times with 0.5
mL 100 mM Na-citrate pH 5,0. Bound antibody was eluted
by addition of 35 ml NuPAGE(r) LDS Sample Buffer
(Invitrogen). Half of the sample was combined with
NuPAGE(r) Sample Reducing Agent or left unreduced,
respectively, and heated for 10 min at 700C.
Consequently, 20 ml were applied to an 4-12% NuPAGE(r)
Bis-Tris SDS-PAGE (Invitrogen) (with MOPS buffer for
non-reduced SDS-PAGE and MES buffer with NuPAGE(r)
Antioxidant running buffer additive (Invitrogen) for
reduced SDS-PAGE) and stained with Coomassie Blue.
Figure 10 shows the SDS-PAGE from a typical
immunoprecipitation experiment. The monospecific,
bivalent <IGF-1R> VLVH/ CL-CH1 exchange antibody
behaves like a typical IgGl antibody with a ca. 25 kDa
band corresponding to the LC* light chain and a 50 kDa
band corresponding 



to the respective HC heavy chain. In the unreduced
state, a band at ca. 150 kDa can be observed for the
complete antibody. Example IE Purification of
monospecific, bivalent <IGF-1R> VL-VH/CL-CH1 exchange
antibody and confirmation of identity by mass
spectrometry The expressed and secreted monospecific,
bivalent <IGF-1R> VL-VH/CL-CH1 exchange antibody was
purified from filtered cell culture supernatants by
Protein A affinity chromatography according to known
standard methods. In brief, the <IGF- 1R> VL-VH/CL-CH1
exchange antibody containing cell culture supernatants
from transient transfections were clarified by
centrifugation (10,000 g for 10 minutes) and
filtration through a 0.45 mm filter and applied to a
Protein A HiTrap MabSelect Xtra column (GE Healthcare)
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 PBS equilibration buffer
followed by 0.1 M sodium citrate buffer, pH 5.5 and
washed with PBS. Elution of <IGF-1R> VL-VH/CL-CH1
exchangeantibody was achieved with 100 mM sodium
citrate, pH 2,8 followed by immediate neutralization
of the sample with 300ml 2 M Tris pH 9.0 per 2 ml
fraction. Aggregated protein was separated from
monomeric antibodies by size exclusion chromatography
on a HiLoad 26/60 Superdex 200 prep grade column (GE
Healthcare) in 20 mM Histidine, 150 mM NaCl pH 6.0 and
monomeric antibody fractions were subsequently
concentrated using a MILLIPORE Amicon Ultra- 15
centrifugal concentrator. <IGF-1R> VL-VH/CL-CH1
exchange antibody was frozen and stored at -200C or
-800C. The integrity of the <IGF-1R> VL-VH/CLCHl
exchange was analyzed by SDS-PAGE in the presence and
absence of a reducing agent and subsequent staining
with Coomassie brilliant blue as described in Example
ID. The purified <IGF-1R> VL-VH/CL-CH1 exchange
antibody behaves like a typical IgGl antibody with a
ca. 25 kDa band corresponding to the LC* light chain
and a 50 kDa band corresponding to the respective HC
heavy chain. In the unreduced state a band at ca. 150
kDa can be observed for the complete antibody.
Aggregation and oligomeric state of the <IGF-1R>
VL-VH/CLCHl exchange antibody was analyzed by
analytical size exclusion chromatography and showed
that the purified Fab crossover antibody was in a
monomeric state. Characterized samples were provided
for subsequent protein analytics and functional
characterization. ESI mass spectrometry confirmed the
theoretical molecular mass (calculated without
C-terminal lysine residue of the heavy chain and with
a C-terminal pyroglutamate residue of the light chain)
of the completely deglycosylated <IGF-1R> VL-VH/CL-CH1
exchange antibody as main species. ( Figure 22)
Example IF Analysis of the IGF-IR binding properties
of monospecific, bivalent <IGF-1R> VL-VH/CL-CH1
exchange antibody in an IGF-IR ECD binding ELISA and
by Biacore The binding properties of monospecific,
bivalent <IGF-1R> VL-VH/CL-CH1 exchange antibody were
evaluated in an ELISA assay with the IGF-IR
extracellular domain (ECD) as described above. Figure
1 1 shows the normalized results from a titration of
<IGF-1R> VL-VH/CL-CH1 exchange antibody and wildtype
<IGF-1R> antibody from transient transfection
supernatants in HEK293E by Sandwich-IgGELISA. It can
be clearly seen that <IGF-1R> VL-VH/CL-CH1 exchange
antibody is functional and shows comparable binding
characteristics as the wildtype <IGF-1R> 



antibody and thus appears fully functional. The minor
observed differences liewithin the error of the method
and might e.g. result from minor variances in protein
concentration. These findings were corroborated by
Biacore data with the respective purified antibodies
that showed that monospecific, bivalent <IGF-1R>
VL-VH/CL-CH1 exchange antibody had a comparable
affinity and binding kinetics for IGF-IR ECD as the
original wildtype antibody within the error of the
method. The kinetic data are given in the following
table: ka [I/Ms] kd [1/s] K(D) [M] wildtype <IGF-1R>
antibody 3.18E+06 5.521E-3 1.74E-09 <IGF-1R>
VL-VH/CL-CH1 2.65E+06 6.258E-3 2.36E-09 exchange
antibody Example IG Analysis of the IGF-IR binding
properties of monospecific, bivalent <IGF-1R>
VL-VH/CL-CH1 exchange antibody by FACSwith IGF-IR
over-expressing 124 cells In order to confirm the
binding activity of <IGF-1R> VL-VH/CL-CH1 exchange
antibody binding to the IGF-IR over-expressed on the
surface of 124 cells (NIH3T3 cells expressing
recombinant human IGF-IR, Roche) is studied by FACS.
Briefly, 5xlOE5 I24cells per FACS tube are incubated
with a dilution of purified <IGF-1R> VL-VH/CL-CH1
exchange antibody and wildtype <IGF-1R> antibody as a
reference and incubated on ice for 1 h. Unbound
antibody is washed away with 4 ml ice cold PBS (Gibco)
+ 2% FCS (Gibco). Subsequently, cells are centrifuged
(5 min at 400 g) and bound antibody is detected with
F(ab')2 <hFcg>PE conjugate (Dianova) on ice for 1 h
protected from light. Unbound detection antibody is
washed away with 4 ml ice cold PBS + 2% FCS.
Subsequently, cells are centrifuged (5 min 400 g),
resuspended in 300-500 mL PBS and bound detection
antibody is quantified on a FACSCalibur or FACS Canto
(BD (FL2 channel, 10.000 cells per acquisition).
During the experiment the respective isotype controls
are included to exclude any unspe  fic binding events.
Binding of <IGF-1R> VL-VH/CL-CH1 exchange antibody and
wildtype <IGF-1R> reference antibody to IGF-IR on 124
cells is compared via concentration dependent shift of
mean fluorescence intensity.Additional experiments
showed that <IGF-1R> VL-VH/CL-CHl exchange antibody
also retained their activity to induce the
internalization of IGF-IR on MCF7 cells and had only
low ADCC activity on DU145 cells if incubated with
human PBMCs comparable to the wildtype <IGF-1R>
antibody Taken together the experiments in example 1
showed that using the domain exchange fully functional
antibodies with properties comparable to wildtype
antibodies can be generated. All functional properties
were retained in biochemical and cellular assays.
These antibodies with domain exchange form the basis
for the generation of bispecific antibodies as
described below. Examples 2: Production, expression,
purification and characterization of monospecific,
bivalent <ANGPT2> antibody, wherein the variable
domains VL and VH are replaced by each other, and
wherein the constant domains CL and CHl are replaced
by each other (abbreviated herein as <ANGPT2>
VL-VH/CL-CHl exchange antibody). Example 2A Making of
the expression plasmids for the monospecific, bivalent
<ANGPT2> VL-VH/CL-CHl exchange antibody variant 



The sequences for the heavy and light chain variable
domains of a monospecific, bivalent Angiopoietin-2
<ANGPT2> VL-VH/CL-CHl exchange antibody including the
respective leader sequences described in this example
are derived from a human <ANGPT2> antibody heavy chain
(SEQ ID NO: 6) and a light chain (SEQ ID NO: 7)
described in WO 2006/045049 and the heavy and light
chain constant domains are derived from a human
antibody (C-kappa and IgGl). The gene segments
encoding the <ANGPT2> antibody leader sequence, light
chain variable domain (VL) and the human kappa-light
chain constant domain (CL) were joined and fused to
the 5'-end of the Fc domains of the human g l-heavy
chain constant domains (Hinge-CH2-CH3). The DNA coding
for the respective fusion protein resulting from the
exchange of VH and CHl domains by VL and CLdomains was
generated by gene synthesis and is denoted <ANGPT2>
HC* (heavy chain*) (SEQ ID NO: 8) in the following.
The gene segments for the <ANGPT2> antibody leader
sequence, heavy chain variable domain (VH) and the
human g l-heavy chain constant domains (CHl) were
joined as independent chain. The DNA coding for the
respective fusion protein resulting from the exchange
of VL and CL domains by VH and CHl domains was
generated by gene synthesis and is denoted <ANGPT2>
LC* (light chain*)(SEQ ID NO: 9) in the following. The
respective expression vectors are analogous to the
ones described in example IA. The plasmid map of the
heavy chain* <ANGPT2> HC* expression vector pUCHC*-
ANGPT2> is shown in Figure 12. The amino acid sequence
of the <ANGPT2> HC* (including signal sequence) is
given in SEQ ID NO: 8. The plasmid map of the light
chain* <ANGPT2> LC* expression vector pUC-LC*- ANGPT2>
is shown in Figure 13. The amino acid sequence of the
<ANGPT2> LC* (including signal sequence) is given in
SEQ ID NO: 9.Plasmids pUC-HC*- ANGPT2> and
pUC-LC*-ANGPT2> can be used for transient or stable
cotransfections e.g. into HEK293-F, HEK293 EBNA or CHO
cells (2-vector system). In order to achieve higher
expression levels in transient expressions in HEK293
EBNA cells the <ANGPT2> HC* expression cassette can be
sub-cloned via Ascl, SgrAI sites and the <ANGPT2> LC*
expression cassette can be sub-cloned via Sse8387I and
Fsel sites into the 4700 pUC-Hyg_OriP expression
vector as described in example IA. Heavy and light
chain transcription units can either be sub-cloned
into two independent 4700-pUC-Hyg-OriP vectors for
co-transfection (2-vector system) or they can be
cloned into one common 4700-pUC-Hyg-OriP vector (1-
vector system) for subsequent transient or stable
transfections with the resulting vectors via Fsel,
SgrAI, Sse8387I and Ascl sites. The wildtype <ANGPT2>
antibody was cloned into plasmids SB04-pUC-HCANGPT2
(SEQ ID NO: 6) and SB06-pUC-LC-ANGPT2 (SEQ ID NO: 7)
that are analogous to the vectors described in this
and previous example IA. The transcription units for
the wildtype <ANGPT2> antibody heavy and light chains
were sub-cloned from plasmids SB04-pUC-HC-ANGPT2 and
SB06-pUC-LCANGPT2 basic vectors via Fsel, SgrAI,
Sse8387I and Ascl sites into plasmids SB07-
pUC-Hyg-OriP-HC-ANGPT2 and SB09-pUC-Hyg-OriP-LC-ANGPT2
in order toachieve higher transient expression levels
in HEK293E cells. For comparative reasons and for
co-expression experiments (see example 3) the wildtype
<ANGPT2> antibody was either transiently (co-)
expressed from plasmids SB07- pUC-Hyg-OriP-HC-ANGPT2
and SB09-pUC-Hyg-OriP-LC-ANGPT2 or from plasmids
SB04-pUC-HC-ANGPT2 and SB06-pUC-LC-ANGPT2. Example 2B 



Making of the monospecific, bivalent <ANGPT2>
VL-VH/CL-CH1 exchange antibody expression plasmids The
<ANGPT2> VL-VH/CL-CH1 exchange antibody fusion genes
(HC* and LC fusion genes) comprising the exchanged Fab
sequences of the wildtype <ANGPT2> antibody were
assembled with known recombinant methods and
techniques by connection of the according nucleic acid
segments. The nucleic acid sequences encoding the
<ANGPT2> VL-VH/CL-CHl exchange antibody HC* and LC*
were each synthesized by chemical synthesis and
subsequently cloned into a pPCRScript (Stratagene)
based pGA4 cloning vector at Geneart (Regensburg,
Germany). The expression cassette encoding the
<ANGPT2> VL-VH/CL-CHl exchange antibody HC* was
ligated into the respective E. coli plasmid via Pstl
and EcoNI restriction sites resulting in the final
vector pUC-HC*- <ANGPT2>; the expression cassette
encoding the respective <ANGPT2> LC* was ligated into
the respective E. coli plasmid via PvuII and Fsel
restriction sites resulting in the final vector
pUC-LC*-<ANGPT2>. The subcloned nucleic acid sequences
was verified by DNA sequencing. For transient and
stable transfections larger quantities of the plasmids
were prepared by plasmid preparation from transformed
E. coli cultures (Nucleobond AX, Macherey-Nagel)
Example 2C Transient expression of monospecific,
bivalent <ANGPT2> VL-VH/CL-CHl exchange antibody in
HEK293 EBNA cells Recombinant <ANGPT2> VL-VH/CL-CHl
exchange antibody was expressed by transient
co-transfection of plasmids pUC-HC*-ANGPT2> and
pUC-LC*- ANGPT2> in adherently growing HEK293-EBNA
cells (human embryonic kidneycell line 293 expressing
Epstein-Barr- Virus nuclear antigen; American type
culture collection deposit number ATCC # CRL- 10852,
Lot. 959 218) cultivated in DMEM (Dulbecco's modified
Eagle's medium, Gibco) supplemented with 10% Ultra Low
IgG FCS (fetal calf serum, Gibco), 2 mM L-Glutamine
(Gibco), and 250 mg/ml Geneticin (Gibco). For
transfection FuGENE(tm) 6 Transfection Reagent (Roche
Molecular Biochemicals) was used in a ratio of
FuGENE(tm) reagent (ml) to DNA (/xg) of 4:1 (ranging
from 3:1 to 6:1). Light and heavy chain plasmids
encoding <ANGPT2> HC and LC* (plasmids pUC-HC*-ANGPT2>
and pUC-LC*- ANGPT2>) were expressed from two
different plasmids using a molar ratio of light chain
to heavy chain encoding plasmids of 1:1 (equimolar)
ranging from 1:2 to 2:1, respectively. Cells were
feeded at day 3 with L-Glutamine ad 4 mM, Glucose
[Sigma] and NAA [Gibco]. <ANGPT2> VL-VH/CL-CH1
exchange antibody containing cell culture supernatants
were harvested from day 5 to 1 1 after transfection by
centrifugation and stored at -200C. General
information regarding the recombinant expression of
human immunoglobulins in e.g. HEK293 cells is given
in: Meissner, P. et al., Biotechnol. Bioeng. 75 (2001)
197-203. Example 2D Purification of monospecific,
bivalent <ANGPT2> VL-VH/CL-CH1 exchange antibody and
confirmation of identity by mass spectrometry The
expressed and secreted monospecific, bivalent <ANGPT2>
VL-VH/CL-CH1 exchange antibody was purified from
filtered cell culture supernatants by Protein A
affinity chromatography according to known standard
methods. In brief, the <ANGPT2> VL-VH/CL-CH1 exchange
antibody containing cell culture supernatants from
transient transfections were clarified by
centrifugation (10,000 g for 10 minutes) and
filtration through a 0.45 mm filter and applied to a
Protein A 



HiTrap MabSelect Xtra column (GE Healthcare)
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 PBS equilibration buffer
followed by 0.1 M sodium citrate buffer, pH 5.5 and
washed with PBS. Elution of VL-VH/CL-CH1 exchange
antibody was achieved with 100 mM sodium citrate, pH
2,8 followed by immediate neutralization of the sample
with 300ml 2 M Tris pH 9.0 per 2 ml fraction.
Aggregated protein was separated from monomeric
antibodies by size exclusion chromatography on a
HiLoad 26/60 Superdex 200 prep grade column (GE
Healthcare) in 20 mM Histidine, 150 mM NaCl pH 6.0 and
monomericantibody fractions were subsequently
concentrated using a MILLIPORE Amicon Ultra- 15
centrifugal concentrator. <ANGPT2> VL-VH/CL-CH1
exchange antibody was frozen and stored at -200C or
-8O0C. The integrity of the <ANGPT2> VLVH/ CL-CH1
exchange antibody was analyzed by SDS-PAGE in the
presence and absence of a reducing agent and
subsequent staining with Coomassie brilliant blue
(Figure 23-A). Aggregation and oligomeric state of the
<ANGPT2> VL-VH/CLCHl exchange antibody was analyzed by
analytical size exclusion chromatography (Figure
23-B). Characterized samples were provided for
subsequent protein analytics and functional
characterization. ESI mass spectrometry confirmed the
theoretical molecular mass of the completely
deglycosylated <ANGPT2> VLVH/ CL-CH1 exchange antibody
as main species. No contamination by antibodylike
proteins could be observed. Example 2F Analysis of the
<ANGPT2> binding properties of monospecific, bivalent
<ANGPT2> VL-VH/CL-CH1 exchange antibody in an <ANGPT2>
binding ELISA and by Biacore The binding properties of
monospecific, bivalent <ANGPT2> VL-VH/CL-CH1 exchange
antibody were evaluated in an ELISA assay with
full-length ANGPT2>- His protein (R&D Systems) as
described above. Figure 24 shows the results from a
titration of purified <IGF-1R> VL-VH/CL-CH1 exchange
antibody and wildtype <IGF-1R> antibody in the
sandwich binding ELISA. It can be clearly seen that
<ANGPT> VL-VH/CL-CH1 exchange antibody is functional
and shows comparable binding properties as the
wildtype <ANGPT2> antibody and thus appears fully
functional. The minor observed differences lie within
the error of the methid and might e.g. result from
minor variances in protein concentration. These
findings were corroborated by Biacore data with the
respective purified antibodies that showed that
monospecific, bivalent <ANGPT2> VL-VH/CL-CH1 exchange
antibody with a KD value of 13 pM had a comparable
affinity and binding kinetics for ANGPT2 within the
error of the method as the original wildtype <ANGPT2>
antibody with a KD value of 12 pM (Figure 25)Example
2G Analysis of the functional properties of
monospecific, bivalent <ANGPT2> VLVH/ CL-CH1 exchange
antib ody In order to show that the monospecific,
bivalent <ANGPT2> VL-VH/CL-CH1 exchange antibody has
functional properties comparable to the original
wildtype <ANGPT2> antibody the two antibodies were
compared for their ability to interfere with binding
of ANGPT2 to its Tie2 receptor extracellular domain in
an ELISA binding assay as described above. In the
respective binding ELISA <ANGPT2> VL-VH/CL-CH1
exchange antibody had an EC50 value of 135 ng/ml for
interference with binding of human ANGPT2 which is
comparable to the EC50 value of 145 nM for the
original wildtype <ANGPT2> antibody. These data were 



confirmed in a cellular ligand binding competition
assay with HEK293 cells overexpressing Tie2 on their
surface where <ANGPT2> VL-VH/CL-CH1 exchange antibody
had an EC50 value of 225 ng/ml for interference with
binding of human ANGPT2 which is comparable to the
EC5Q value of 205 nM for the original wildtype
<ANGPT2> antibody (data not shown). Taken together the
experiments in example 2 showed that using the domain
exchange fully functional antibodies with properties
comparable to wildtype antibodies can be generated.
All functional properties were retained in biochemical
and cellular assays. These antibodies with domain
exchange form the basis for the generation of
bispecific antibodies as described below in examples 3
and 4. Example 2H A molecular modeling analysis of the
antibodies with domain exchange revelaed that the
steric room between the exchanged domains could be
limiting folding. Therefore constructs were designed
in which an additional Glycine residue was introduced
at the C-terminus of the exchanged domains of the Fab
e.g. between the VL-CL and Hinge connecting region or
at the end of free VH-CHl domain respectively. The
respective monospecific, bivalent antibody is dentoted
as <ANGPT2> VL-VH(G)/CL-CH1(G) exchange antibody in
the following. The sequences for the heavy and light
chain variable domains of a monospecific, bivalent
Angiopoietin-2 <ANGPT2> VL-VH/CL-CH1 exchange antibody
including the respective leader sequences described in
this example are derived from a human<ANGPT2> antibody
heavy chain (SEQ ID NO: 6) and a light chain (SEQ ID
NO: 7) described in WO 2006/045049 and the heavy and
light chain constant domains are derived from a human
antibody (C-kappa and IgGl). The gene segments
encoding the <ANGPT2> antibody leader sequence, light
chain variable domain (VL) and the human kappa-light
chain constant domain (CL) were joined and fused to
the 5'-end of the Fc domains of the human g l-heavy
chain constant domains (Hinge-CH2-CH3) and including
an additional Glycine residue. The DNA coding for the
respective fusion protein resulting from the exchange
of VH and CHl domains by VL and CL domains was
generated by gene synthesis and is denoted <ANGPT2>
HC(G)* (heavy chain*) (SEQ ID NO: 17) in the
following. The gene segments for the <ANGPT2> antibody
leader sequence, heavy chain variable domain (VH) and
the human g l-heavy chain constant domains (CHl) were
joined as independent chain including an additional
Glycine residue. The DNA coding for the respective
fusion protein resulting from the exchange of VL and
CL domains by VH and CHl domains was generated by gene
synthesis and is denoted <ANGPT2> LC(G)* (light
chain*)(SEQ ID NO: 18) in the following. The
respective expression vectors are analogous to the
ones described in examples 2 above. Subsequently,
these expression vectors were used for the transient
coexpression of the respective <ANGPT2>
VL-VH(G)/CL-CH1(G) antibody with domain exchange in
HEK293-F cells. The respective <ANGPT2>
VL-VH(G)/CLCHl( G) exchange antibody was purified from
transient expression as described above and analyzed
by SDS-PAGE, size exclusion chromatography and mass
spectrometry of the respective antibody. Protein
expression yields were good and similar to the
expression yields obtained for the conventional
VL-VH/CL-CHl exchange antibody described above. All
properties investigated showed no unexpected findings
and were essentially comparable to the respective
<ANGPT2 wildtype antibody. Figure 3 1 demonstrates the
virtually comparable poperties of the <ANGPT2>
wildtype antibody and the <ANGPT2> VL-VH(G)/CL-CH1(G) 



antibody in an ANGPT2 Biacore binding assay. Within
the error of the method both antibodies exhibited a
comparable binding affinity for human ANGPT2 with
estimated KD values (mean from two determinations) of
ca. 38 pM for the <ANGPT2> wildtype antibody and ca.
45 pM for the <ANGPT2> VL-VH(G)/CLCHl( G) antibody.ka
[I/Ms] kd [1/s] K(D) [M] wildtype <ANGPT2> antibody
5.26 E+05 2.0 E-4 3.79E-10 <ANGPT2> VL-VH(G)ZCL-CHl(G)
5.29 E+06 2.358 E-3 4.45 E-09 exchange antibody
Examples 3 Expression of bispecific, bivalent
<ANGPT2-IGF-1R> antibody, wherein in the heavy and
light chain specifically binding to IGF-IR, the
variable domains VL and VH are replaced by each other,
and the constant domains CL and CHl are replaced by
each other (abbreviated herein as <ANGPT2-IGF-1R>
VL-VH/CLCHl exchange antibody). Example 3A Transient
co-expression of <ANGPT2> wildtype antibody and
<IGF-1R> VLVH/ CL-CH1 exchange antibody in HEK293 EBNA
cells to yield bispecific <ANGPT2-IGF-1R> VL-VH/CL-CH1
exchange antibody In order to generate a functional
bispecific antibody recognizing <ANGPT2> via the
<ANGPT2> wildtype Fab region on one side and IGF-IR
via the <IGF-1R> VL-VH/CL-CH1 exchange antibody Fab
region on the other side the two expression plasmids
coding for the <IGF-1R> VL-VH/CL-CH1 exchange antibody
(example IA) were co-expressed with two expression
plasmids coding for the <ANGPT2> wildtype antibody
(example 2A). Assuming a statistical association of
wildtype heavy chains HC and Fab crossover heavy
chains HC*this resulted in the generation of
bispecific and bivalent <ANGPT2-IGF-1R> VL-VH/CL-CH1
exchange antibody. Under the assumption that both
antibodies are equally well expressed and without
taking side products into account this should have
resulted in a 1:2:1 ratio of the three main products
monospecific <IGF-1R> VL-VH/CLCHl exchange antibody,
bispecific <ANGPT2-IGF-1R> VL-VH/CL-CH1 exchange
antibody, and <ANGPT2> wildtype antibody. In addition,
several side products such as LC-LC* (Fab2 fragment),
HC-HC* (monovalent antibody) and HC*-LC dimers can be
expected.In contrast, when co-expressing the two
expression plasmids coding for the <IGF- 1R> wildtype
antibody (example IA) and the two expression plasmids
coding for the <ANGPT2> wildtype antibody as a
reference only a small proportion of functional
bispecific <IGF-1R-ANGPT2> antibody will be generated
due to the statistical association of the heavy chains
but the unguided association of light chains with both
heavy chains from the <IGF-1R> and <ANGPT2> wildtype
antibodies. To generate the mix of the main products
A) monospecific <IGF-1R> VL-VH/CLCHl exchange
antibody, B) bispecific <ANGPT2-IGF-1R> VL-VH/CL-CH1
exchange antibody and C)<ANGPT2> wildtype antibodies
the four plasmids DW047-pUC-HC*-IGF-lR and
DW048-pUC-LC*-IGF-lR and either plasmids
SB07-pUC-Hyg-OriP-HC-ANGPT2 and
SB09-pUC-Hyg-OriP-LC-ANGPT2 (or plasmids
SB04-pUC-HC-ANGPT2 and SB06-pUC-LC-ANGPT2) were
transiently co-transfected in adherently growing
HEK293-EBNA cells (human embryonic kidney cell line
293 expressing Epstein-Barr-Virus nuclear antigen;
American type culture collection deposit number ATCC #
CRL-10852, Lot. 959 218) cultivated in 



DMEM (Dulbecco's modified Eagle's medium, Gibco)
supplemented with 10% Ultra Low IgG FCS (fetal calf
serum, Gibco), 2 mM L-Glutamine (Gibco), and 250 mg/ml
Geneticin (Gibco). For transfection FuGENE(tm) 6
Transfection Reagent (Roche Molecular Biochemicals)
was used in a ratio of FuGENE(tm) reagent (ml) to DNA
(mg) of 4:1 (ranging from 3:1 to 6:1). Light and heavy
chain plasmids encoding <IGF-1R> HC and LC* (plasmids
DW047-pUC-HC*-IGF-lR and DW048-pUC-LC*-IGF-lR) and
<ANGPT2> HC and LC (plasmids SB07-pUCHyg-
OriP-HC-ANGPT2 and SB09-pUC-Hyg-OriP-LC-ANGPT2 or
plasmids SB04-pUC-HC-ANGPT2 and SB06-pUC-LC-ANGPT2,
respectively) were expressed from four different
plasmids using a molar ratio of light chains to heavy
chains encoding plasmids of 1:1 (equimolar). Cells
were feeded at day 3 with LGlutamine ad 4 mM, Glucose
[Sigma] and NAA [Gibco]. The harvested supernatant
contained a mix of the main products A) monospecific
<IGF-1R> VLVH/ CL-CH1 exchange antibody, B) bispecific
<ANGPT2-IGF-1R> VL-VH/CLCHl exchange antibody and
C)<ANGPT2> wildtype antibodies and is denoted as
"Bispecific VL-VH/CL-CH1 exchange mix". Bispecific
VL-VH/CL-CH1 exchange mix containing cell culture
supernatants, were harvested from day 5 to 11 after
transfection by centrifugation and stored at -200C.For
comparative reasons the wildtype <IGF-1R> antibody was
transiently coexpressed from HC and LC plasmids
(4842-pUC-LC-IGF-lR and 4843-pUC-HCIGF- IR, example
IA) together with the wildtype <ANGPT2> HC and LC
plasmids (SB07-pUC-Hyg-OriP-HC-ANGPT2 and
SB09-pUC-Hyg-OriP-LC-ANGPT2 or SB04-pUC-HC-ANGPT2 and
SB06-pUC-LC-ANGPT2, respectively). Cells were feeded
at day 3 with L-Glutamine ad 4 mM, Glucose [Sigma] and
NAA [Gibco]. The harvested supernatant contained a mix
of different <IGF-1R> and <ANGPT2> wildtype antibody
variants either monospecific, bispecific or binding
incompetent due to the unguided association of light
chains with both heavy chains from the <IGF-1R> and
<ANGPT2> wildtype antibodies resulting in wrong light
chain association, and is denoted as "wildtype mix".
Wildtype mix containing cell culture supernatants,
were harvested from day 5 to 11 after transfection by
centrifugation and stored at -200C. As the <ANGPT2>
wildtype antibody shows significantly higher
expression transient expression yields than the
<IGF-1R> wildtype and <IGF-1R> Fab crossover
antibodies the ratio of <ANGPT2> wildtype antibody
plasmids and <IGF-1R> VL-VH/CL-CH1 exchange antibody
plasmids was shifted in favour of the expression of
<ANGPT2> wildtype antibody. The plasmid ratio has to
be adapted during future experiments to allow an equal
expression of both specificities resulting in a more
even distribution of the different antibodies. Example
3B Immunoprecipitation of bispecific <ANGPT2-IGF-1R>
VL-VH/CL-CH1 exchange antibody A mix of the main
products A) monospecific <IGF-1R> VL-VH/CL-CH1
exchange antibody, B) bispecific <ANGPT2-IGF-1R>
VL-VH/CL-CH1 exchange antibody and C)<ANGPT2> wildtype
antibodies ("Bispecific VL-VH/CL-CH1 exchange mix")
was isolated from cell culture supernatants (example
3A) by immunoprecipitation with Protein A
Agarose-beads (Roche). 60 mL Protein A Agarose beads
were washed three times in TBS-NP40 (50 mM Tris, pH
7.5, 150 mM NaCl, 1% Nonidet-P40). Subsequently, 1 -15
mL cell culture supernatant were applied to the
Protein A Agarose beads pre-equilibrated in TBS-NP40.
Afterincubation for at 1 h at room temperature the
beads were washed on an Ultrafree- 



MC-filter column (Amicon] once with 0.5 mL TBS-NP40,
twice with 0.5 mL 2x phosphate buffered saline (2xPBS,
Roche) and briefly four times with 0.5 mL 100 mM
Na-citrate pH 5,0. Bound antibody was eluted by
addition of 35 ml NuPAGE(r) LDS Sample Buffer
(Invitrogen). Half of the sample was combined with
NuPAGE(r) Sample Reducing Agent or left unreduced,
respectively, and heated for 10 min at 700C.
Consequently, 20 ml were applied to an 4-12% NuPAGE(r)
Bis-Tris SDS-PAGE (Invitrogen) (with MOPS buffer for
non-reduced SDS-PAGE and MES buffer with NuPAGE(r)
Antioxidant running buffer additive (Invitrogen) for
reduced SDSPAGE) and stained with Coomassie Blue. On
the SDS-PAGE no difference between the three antibody
species could be seen. All antibodies behaved like
typical IgGl antibodies with a ca. 25 kDa band
corresponding to the light chains and a 50 kDa band
corresponding to the respective heavy chains. In the
unreduced state, a band at ca. 150 kDa could be
observed for the complete antibody. Thus, in order to
prove the presence of functional bispecific
<ANGPT2-IGF-1R> VL-VH/CL-CH1 exchange antibody the
crossover mix of the three antibody species was
purified (example 3C) and a cellular FACSbridging
assay was designed (example 3D). Example 3C
Purification of bispecific <ANGPT2-IGF-1R>
VL-VH/CL-CH1 exchange antibody The mix of the main
products A) monospecific <IGF-1R> VL-VH/CL-CH1
exchange antibody, B) bispecific <ANGPT2-IGF-1R>
VL-VH/CL-CH1 exchange antibody and C)<ANGPT2> wildtype
antibodies ("Bispecific VL-VH/CL-CH1 exchange mix")
from example 3A was purified from filtered cell
culture supernatants by Protein A affinity
chromatography followed by size exclusion
chromatography according to known standard methods. In
brief, the antibody mix containing cell culture
supernatants from transient transfections of plasmids
DW047-pUC-HC*-IGF-lR and DW048-pUC-LC*-IGF-lR and
SB07-pUC-Hyg- OriP-HC-ANGPT2 and
SB09-pUC-Hyg-OriP-LC-ANGPT2 were clarified by
centrifugation (10,000 g for 10 minutes) and
filtration through a 0.45 mm filter and applied to a
Protein A HiTrap MabSelect Xtra column (GE Healthcare)
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 PBS equilibration buffer
followed by 0.1 M sodium citrate buffer, pH 5.5 and
washed with PBS. Elution of bispecific <ANGPT2-IGF-1R>
VL-VH/CL-CH1 exchange antibody was achievedwith 100 mM
sodium citrate, pH 2,8 followed by immediate
neutralization of the sample with 300ml 2 M Tris pH
9.0 per 2 ml fraction. Aggregated protein was
separated from monomeric antibodies by size exclusion
chromatography on a HiLoad 26/60 Superdex 200 prep
grade column (GE Healthcare) in 20 mM Histidine, 150
mM NaCl pH 6.0 and monomeric antibody fractions were
subsequently concentrated using a MILLIPORE Amicon
Ultra- 15 centrifugal concentrator. The VL-VH/CL-CH1
exchange mix was frozen and stored at -200C or -800C.
The integrity of the antibody species was analyzed by
SDS-PAGE (see Fig. 14) in the presence and absence of
a reducing agent and subsequent staining with
Coomassie brilliant blue as described in Example ID.
The antibody mix behaved like typical IgGl antibodies
with a ca. 25 kDa band corresponding to the light
chains and a 50 kDa band corresponding to the
respective heavy chains. In the unreduced state a band
at ca. 150 kDa could be observed for the complete
antibody. No obvious side-products such as monovalent
antibodies etc. were visible from the SDS-PAGE after
Protein A purification. Aggregation and oligomeric
state of the bispecific <ANGPT2-IGF-1R> VL-VH/CL-CH1
exchange antibody was analyzed 



by analytical size exclusion chromatography and showed
that the purified antibody species were in a monomeric
state. Characterized samples were provided for
subsequent protein analytics and functional
characterization. In order to prove the presence of
functional bispecific <ANGPT2-IGF-1R> VL-VH/CL-CH1
exchange antibody the mix of the three antibody
species was analyzed in a cellular FACS bridging assay
(example 3D). For comparative reasons the wildtype mix
resulting from the co-expression of wildtype <IGF-1R>
antibody HC and LC plasmids (4842-pUC-LC-IGF-lR and
4843-pUC-HC-IGF-lR, example IA) together with the
wildtype <ANGPT2> HC and LC plasmids
(SB07-pUC-Hyg-OriP-HC-ANGPT2 and SB09-pUC-Hyg-OriPLC-
ANGPT2) was purified as a reference from filtered cell
culture supernatants by Protein A affinity
chromatography followed by size exclusion
chromatography according to the described procedure.
Example 3D Detection of functional bispecific
<ANGPT2-IGF-1R> VL-VH/CL-CH1 exchange antibody in a
cellular FACSbridging assay on 124 IGF-IR expressing
cellsIn order to confirm the presence of functional
bispecific <ANGPT2-IGF-1R> VLVH/ CL-CH1 exchange
antibody in the "Bispecific VL-VH/CL-CHl exchange mix"
of the main products A) monospecific <IGF-1R>
VL-VH/CL-CHl exchange antibody, B) bispecific
<ANGPT2-IGF-1R> VL-VH/CL-CHl exchange antibody and
C)<ANGPT2> wildtype antibodies from the transient
co-expression described in example 3A, a cellular FACS
IGF-1R-ANGPT2 bridging assay on 124 cells (NIH3T3
cells expressing recombinant human IGF-IR, Roche) was
performed. The assay principle is depicted in Fig. 15.
A bispecific <ANGPT2-IGF-1R> VL-VH/CLCHl exchange
antibody that is present in the supernatant (example
3A) or in the purified antibody mix (example 3C),
respectively; is capable of binding to IGF-IR in 124
cells and to ANGPT2 simultaneously; and thus will
bridge its two target antigens with the two opposed
Fab regions. Briefly, 5xlOE5 I24cells per FACS tube
were incubated with either 50 mL undiluted cell
culture supernatant or with a 160 mg/mL dilution of
total purified antibody mix and incubated on ice for
Ih. In the first case the cells were incubated with A)
cell culture supernatants from the co-expression of
the crossover <IGF-1R> plasmids (DW047-pUC-HC*-IGF-lR
and DW048-pUC-LC*-IGF-lR) with the wildtype <ANGPT2>
plasmids (SB04-pUC-HC-ANGPT2> and SB06-pUC-LC-ANGPT2)
denoted as "Bispecific VL-VH/CL-CHl exchange mix" or
B) with cell culture supernatant from the
co-expression of the wildtype <IGF-1R> plasmids (4842-
pUC-LC-IGF-lR and 4843-pUC-HC-IGF-lR) with the
wildtype <ANGPT2> plasmids (SB04-pUC-HC-ANGPT2> and
SB06-pUC-LC-ANGPT2) denoted as "Wildtype mix" (Figure
16). In the second case, the respective purified
antibody mix from either Bispecific VL-VH/CL-CHl
exchange mix or from Wildtype mix was applied to the
124 cells (example 3C, Figure 17). Unbound antibody
was washed away with 4 ml ice cold PBS (Gibco) + 2%
FCS (Gibco), cells were centrifuged (5 min at 400 g)
and bound bispecific antibody was detected with 50 ml
2 mg/mL human Angiopoietin-2 (ANGPT2) (R&D Systems)
for 1 h on ice. Subsequently, unbound Angiopoietin-2
(ANGPT2) was washed away once (Fig. 16) or twice (Fig.
17) with 4 ml ice cold PBS (Gibco) + 2% FCS (Gibco),
cells were centrifuged (5 min at 400 g) and bound
Angiopoietin-2 was detected with 50 ml 5 mg/mL
<Ang-2>mIgGl-Biotin antibody (BAM0981, R&D Systems)
for 45 min on ice; alternatively, cells were incubated
with 50 ml 5 mg/mL mlgGl-Biotin-Isotype 



control (R&D Systems). Unbound detection antibody was
washed away with 4 ml ice cold PBS (Gibco) + 2% FCS
(Gibco), cells were centrifuged (5 min at 400 g) and
bound detection antibody was detected with 50 ml 1:400
Streptavidin-PE conjugate(Invitrogen/Zymed) for 45 min
on ice protected from light. Unbound Streptavidin- PE
conjugate was washed away with 4 ml ice cold PBS + 2%
FCS. Subsequently, cells were centrifuged (5 min 400
g), resuspended in 300-500 mL PBS and bound
Streptavidin-PE conjugate was quantified on a
FACSCalibur or FACS Canto (BD (FL2 channel, 10.000
cells per acquisition). During the experiment the
respective isotype controls were included to exclude
any unspecific binding events. In addition, purified
monospecific, bivalent IgGl antibodies <IGF-1R> and
<ANGPT2> were included as controls. Fig. 16 shows the
results from the cellular FACSbridging assay on 124
cells with cell culture supernatants; Fig. 17 shows
the results with the purified antibody mix. In both
cases in which the VL-VH/CL-CH1 exchange technology
was applied, the incubation with supernatant or
purified antibody "Bispecific VL-VH/CL-CH1 exchange
mix" from the co-expression of a VL-VH/CL-CH1 exchange
antibody with a wildtype antibody resulted in a
significant shift in fluorescence indicating the
presence of a functional bispecific <ANGPT2-IGF-1R>
VL-VH/CL-CH1 exchange antibody that is capable of
binding to IGF-IR in 124 cells and to ANGPT2
simultaneously; and thus bridges its two target
antigens with the two opposed Fab regions. In contrast
to this and as predicted for the co-expression of two
wildtype antibodies, only a very small proportion of
functional bispecific antibodies is formed resulting
in only a slight shift in fluorescence in the FACS
bridging assay when the cell culture supernatant or
purified antibody "Wildtype mix" from the coexpression
of the wildtype <IGF-1R> plasmids with the wildtype
<ANGPT2> plasmids was applied indicating the presence
of only a small fraction of functional bispecific
<IGF-1R-ANGPT2> wildtype antibody. These results show
that by co-expression of VL-VH/CL-CH1 exchange
plasmids coding for a <IGF-1R> antibody with wildtype
plasmids coding for a <ANGPT2> antibody functional
bispecific <ANGPT2-IGF-1R> VL-VH/CL-CH1 exchange
antibody recognizing the two different targets
simultaneously can easily be generated. In contrast,
the co-expression of two wildtype plasmids coding for
<IGF-1R> and <ANGPT2> antibodies results in a high
complexity of the formed antibodies and only a minor
proportion of functional bispecific <IGF-1RANGPT2>
wildtype antibody.Example 4 Generation of bivalent,
bispecific <VEGF-ANGPT2> VL-VH/CL-CH1 exchange
antibody with modified CH3 domains (knobs-into-holes)
(Figure 30) As shown in the example above the
co-expression of plasmids coding for wildtype
antibodies with plasmids coding for VL-VH/CL-CH1
exchange antibodies results in the generation of a
bispecific VL-VH/CL-CH1 exchange mix of the main
products A) monospecific VL-VH/CL-CH1 exchange
antibody, B) bispecific VL-VH/CLCHl exchange antibody
and C) wildtype antibody. To further improve the yield
of the bispecific <VEGF-ANGPT2> VL-VH/CL-CH1 exchange
antibody the knobsinto- holes technology was applied
to the co-expression of a <ANGPT2> VLVH/ CL-CH1
exchange antibody and a wildtype <VEGF> antibody to
foster heterodimerization of the respective unmodified
and modified heavy chains (via HC and HC*) and obtain
a more homogenous and functional bispecific antibody
preparation. In this example a bispecific antibody
recognizing VEGF and ANGPT2 simultaneously based on
the <VEGF> wildtype antibody G6-31 and the VLVH/ 



CL-CH1 exchange <ANGPT2> antibody Mab536 as described
above was generated. As described above the gene
segments encoding the <ANGPT2> antibody leader
sequence, light chain variable domain (VL) and the
human kappa-light chain constant domain (CL) were
joined and fused to the 5'-end of the Fc domains of
the human g l-heavy chain constant domains
(Hinge-CH2-CH3). The DNA coding for the respective
fusion protein resulting from the exchange of VH and
CHl domains by VL and CL domains was generated by gene
synthesis and is denoted <ANGPT2> HC* (heavy chain*)
(SEQ ID NO: 8). The gene segments for the <ANGPT2>
antibody leader sequence, heavy chain variable domain
(VH) and the human gl -heavy chain constant domains
(CHl) were joined as independent chain. The DNA coding
for the respective fusion protein resulting from the
exchange of VL and CL domains by VH and CHl domains
was generated by gene synthesis and is denoted
<ANGPT2> LC* (light chain*)(SEQ ID NO: 9) in the
following. The sequences for the wildtype heavy and
light chain variable domains of the monospecific,
bivalent <VEGF> wildtype antibody G6-31 including the
respectiveleader sequences described in this example
are derived from the human <VEGF> antibody G6-31 heavy
chain variable domains of SEQ ID NO: 12 and the light
chain variable domains of SEQ ID NO: 13 which are both
derived from the human phage display derived anti-VEGF
antibody G6-31 which is described in detail in Liang
et al, J Biol Chem. 2006 Jan 13;281(2):951-61 and in
US 2007/0141065 and the heavy and light chain constant
domains are derived from a human antibody (Ckappa and
IgGl). For this purpose, the plasmid coding for the
for the heavy chain of the <VEGF> wildtype antibody
G6-31 was modified by introduction of a CH3 gene
segment generated by gene synthesis and coding for the
knobs residue T366W of the SEQ ID NO: 10 into the CH3
domain of the respective <VEGF> wildtype antibody
G6-31 heavy chain resulting in SEQ ID NO: 16; in
contrast the plasmid coding for the heavy chain* HC*
of the VL-VH/CL-CH1 exchange <ANGPT2> antibody Mab536
was modified by introduction of a CH3 gene segment
generated by gene synthesis and coding for the hole
residues T366S, L368A, Y407V of the SEQ ID NO: 11 into
the CH3 domain of the respective VL-VH/CL-CH1 exchange
<ANGPT2> antibody Mab536 heavy chain* HC* resulting in
SEQ ID NO: 15. In this case plasmids coding for the
wildtype <VEGF> knobs antibody G6-31 were organized as
genomic vectors whereas the plasmids for the
VL-VH/CL-CH1 exchange <ANGPT2> antibody Mab536 were
organized as IntronA-cDNA vectors. Subsequently the
respective four plasmids coding for <VEGF> G6-31 heavy
chain HC with knob SEQ ID NO: 16 and wildtype light
chain LC SEQ ID NO: 14, and the modified VL-VH/CL-CH1
exchange <ANGPT> heavy chain* HC* with hole SEQ ID NO:
15 and modified light chain* LC* (SEQ ID NO: 8) were
co-expressed in an equimolar ratio by transient
transfections in the HEK293-F system as described
above in a 2.6 L scale in a Quad fermenter. Antibodies
were purified via a HiTrap MabSelect column (GE)
followed by size exclusion chromatography on a HiLoad
Superdex 200 26/60 column (GE) as described above.
Yields after SEC were in the range of ca. 38 mg
purified antibody fractions from 2L transient
expression.. Figure 26 shows a reduced and non-reduced
SDS-PAGE of the size exclusion fractions obtained
during the purification. On the reduced SDS-PAGE it
can be seen that the respective wildtype and modified
heavy and light chains have been synthesized
andpurified homogeneously. However, on the non-reduced
SDS-PAGE it is obvious 



that there were still several antibody species
present. In the following the obtained size exclusion
fractions were analyzed by mass spectrometry (either
deglycosylated, but not reduced or deglycosylated and
reduced). Several antibody species could be identified
in the fractions by mass spectrometry and could also
be assigned to the bands that are seen on the
respective SDS-PAGE (Figure 27). The following table
shows the antibody species that could be
identified:The desired bispecific <VEGF-ANGPT2>
VL-VH/CL-CH1 exchange antibody recognizing VEGF with
one arm and ANGPT2 with the other arm could thus be
unequivocally be identified by mass spectrometry and
could also be seen on the respective SDS-PAGE. A
schematic scheme of the desired bispecific
<VEGFANGPT2> VL-VH/CL-CH1 exchange antibody is seen in
Figure 30. The highest concentration of this desired
antibody could be found in fractions 5 and 6 whereas
its concentration was reduced in latter fractions. In
addition, the presence of bispecific <VEGF-ANGPT2>
VL-VH/CL-CH1 exchange antibody capable of binding
simultaneously to ANGPT2 and VEGF was confirmed by an
ELISA bridging assay (Figure 28) and a Biacore
bridging assays (Figure 29) described above showing
that the desired bispecific antibody was capable of
binding to ANGPT2 and VEGF simultaneously. In these
assays a tetravalent bispecific antibody TvG6-Ang23
served as a control. It should be noted that due to a
relative over-expression of the wildtype <VEGF>
antibody G6-31 e.g. due to better expression yields
for the genomic vectors coding for G6-31 derivatives
the formation of inactive side products was fostered
resulting in an excess of inactive G6-31 dimers and
half antibodies. In order to achieve a maximal yield
of the desired bispecific <VEGF-ANGPT2> VL-VH/CL-CHl
exchange antibody additional studies are ongoing that
achieve a uniform expression of all four antibody
chains and reduce side product formation. These
studies include i) the optimization of the equimolar
stochiometry of the 4 plasmids used for o-expression
e.g. by combining the transcriptional units on one or
two plasmids, the introduction of the respective
control elements; as well ii) the optimization of
heterodimerization e.g. by using different
knobs-in-holes technologies such as the introduction
of an additional disulfide bridge into the CH3 domain
e.g. Y349C into the "knobs chain" and D356C into the
"hole chain" and/or combined with the use of residues
R409D; K370E (K409D) for knobs residues and D399K;
E357K for hole residues described by EP
1870459A1.Patent Claims 1. Abivalent, bispecific
antibody, comprising: a) the light chain and heavy
chain of an antibody specifically binding to a first
antigen; and b) the light chain and heavy chain of an
antibody specifically binding to a second antigen,
wherein the variable domains VL and VH are replaced by
each other, and wherein the constant domains CL and
CHl are replaced by each other. 2. The antibody
according to claim 1, 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 asmaller 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. 3. The antibody according to claim 2,
characterized in that 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). 4. The antibody
according to any one of claims 2 or 3, characterized
in that 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). 5.
The antibody according to any one of claims 2 to 4,
characterized in that both CH3 domains are further
altered by the introduction of cysteine (C) as amino
acid in the corresponding positions of each CH3
domain. 6. The antibody according to claim 1,
characterized in that one of the constant heavy chain
domains CH3 of both heavy chains is replaced by a
constant heavy chain domain CHl; and the other
constant heavy chain domain CH3 is replaced by a
constant light chain domain CL. 7. A method for the
preparation of an a bivalent, bispecific antibody
according to claim 1 comprising the steps of a)
transforming a host cell with -vectors comprising
nucleic acid molecules encoding the light chain and
heavy chain of an antibody specifically binding to a
first antigen, and -vectors comprising nucleic acid
molecules encoding the light chain and heavy chain of
an antibody specifically binding to a second antigen,
wherein the variable domains VL and VH are replaced by
each other, and wherein the constant domains CL and
CHl are replaced by each other;b) culturing the host
cell under conditions that allow synthesis of said
antibody molecule; and c) recovering said antibody
molecule from said culture. 8. A host cell comprising:
-vectors comprising nucleic acid molecules encoding
the light chain and 



heavy chain of an antibody specifically binding to a
first antigen, and -vectors comprising nucleic acid
molecules encoding the light chain and heavy chain of
an antibody specifically binding to a second antigen,
wherein the variable domains VL and VH are replaced by
each other, and wherein the constant domains CL and
CHl are replaced by each other. 9. A composition,
preferably a pharmaceutical or a diagnostic
composition of the bivalent, bispecific antibody
according to claims 1 to 6 10. A pharmaceutical
composition comprising a bivalent, bispecific antibody
according to claims 1 to 6 and at least one
pharmaceutically acceptable excipient. 


