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CLAIMS 

1. 	An in vitro 	method for generating a heterodimeric protein, 5-; 	method 

comprising the following steps: 	 v 

a) providing 	a first homodimeric protein 	comprising 	-6 
,

c 	region of an 

immunoglobulin, said Fc region comprising a first CH3 	n, 

b) providing a second homodimeric protein copirro 	sing an Fc region of an 

immunoglobulin, said Fc region comprising a sz '0 d CH3 region, 
v
. 

wherein the sequences of said first and 	r• 'a nd CH3 regions are different and 

are such that the heterodimeric interasii 	n between said first and second CH3 

regions is stronger than each of the ,g6 	odimeric interactions of said first and 

second CH3 regions, 

c) incubating 	said 	first pr. 	together with 	said 	second 	protein 	under 

reducing conditions suffic 	.L 	to allow the cysteines in the hinge region to 

undergo disulfide-bond 	erization, and 

d) obtaining said h 	odimeric protein. 

2. 	The in vitro 	od according to claim 1, wherein said first homodimeric 

protein and said se..,; d homodimeric protein are selected from the group consisting 

of (i) an Fc regio 	(ii) 	an antibody, (iii) a fusion protein comprising an Fc region, 

and (iv) a Fc re 	n conjugated to a prodrug, peptide, drug or a toxin. 

3. 	The 	vitro method according to claim 1, wherein said first homodimeric 

protein i 	ull-length antibody. 

4. 	e in vitro method according to any one of the preceding claims, wherein 

said 	cond homodimeric protein is a full-length antibody. 

The in vitro method according to any one of the preceding claims, wherein 

-id first and second homodimeric proteins are both antibodies and bind different 

epitopes. 
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6. The in vitro method according to any one of the preceding claims, whet-tarn the whet 

	

Fc region of the first homodimeric protein is of an isotype selected 	R frori,the group , 
consisting of IgGl, IgG2, IgG3 and IgG4 and wherein the Fc regionothe second 

at k 
homodimeric protein is of an isotype selected from the group cgraisting of IgGl, 

er: 	' 
5 IgG2, IgG3 and IgG4. 	 0  

7. The in vitro method according to any one of the pre' ing claims, wherein the 
r 

Fc regions of both said first and said second homodim, 	is protein are of the IgG1 

isotype. 
• 

8. The in vitro method according to any o 	6f the preceding claims, wherein 

10 one of the Fc regions of said homodimeric p 	Bins is of the IgG1 isotype and the 

other of the IgG4 isotype. 

9. The in vitro method according t 	ny one of the preceding claims, wherein the 

increased strength of the heterodi 	nc interaction as compared to each of the 

homodimeric interactions is due t /CH3 modifications other than the introduction of 

15 covalent bonds, cysteine residu-' or charged residues. 
‘ery . 

ort 
10. The in vitro method • 	ording to any one of the preceding claims, wherein the 

heterodimeric interactions yetween said first and second proteins in the resulting 

heterodimeric protein i-C ch that no Fab-arm exchange can occur at 0.5 mM GSH 

under the conditions 0 	cribed in Example 13. 

20 11. The in vitro,, 1 ethod according to any one of the preceding claims, wherein the 

heterodimeric i I 	action between said first and second proteins in the resulting 

heterodimen F,,,„ item is such that no Fab-arm exchange occurs in vivo in mice under 

the conditio,r, 	escribed in Example 14. 

12. T 	in vitro method according to any one of the preceding claims, wherein the 

25 heter. ,:- eric interaction 	between said first and second proteins in the resulting 

het-,i2aimeric protein is more than two times stronger, such as more than three 

ti n 	stronger, e.g. more than five times stronger than the strongest of the two 

o 	odimeric interactions, e.g. when determined as described in Example 30. 

3. 	The in vitro method according to any one of the preceding claims, wherein the 

3r sequences of said first and second CH3 regions are such that the dissociation 

constants of the heterodimeric interaction between said first and second proteins in 
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the resulting 	heterodimeric protein is below 0.05 micromolar when a 	yed as 

described in Example 30. 

14. 	The in vitro method according to any one of the preceding cl 	s, wherein the 

sequences of said first and second CH3 regions are such t 	the dissociation 

5 constants of both homodimeric interactions are above 0.0 	micromolar, such as 

above 0.05 	micromolar, 	preferably between 0.01 and ,J 	micromolar, such as 

between 0.05 and 10 micromolar, more preferably be 	en 0.01 and 5, such as 
• r 

between 	0.05 and 	5 	micromolar, 	even 	more 	pre, 	bly between 0.01 	and 	1 

micromolar, such as between 0.05 and 1 micro 	r, between 0.01 and 0.5 or 

10 between 0.01 and 0.1 micromolar when assayed . 	gescribed in Example 21. 

15. The in vitro method according to any o 	of the preceding claims, wherein the 

sequences of said first and second 0-13 reo‘ons contain amino acid substitutions at 

non-identical positions. 

16. The 	in 	vitro 	method 	accor. 	g 	to 	claim 	15, 	wherein 	the 	amino 	acid 

15 substituents are natural amino acid- .r unnatural amino acids. 

17. The in vitro method ac c cling to any one of the preceding claims, wherein 

said first homodimeric prate' 	as no more than one amino acid substitution in the 

CH3 region, and the secon 	omodimeric protein has no more than one amino acid 

substitution in the CH3 r-`,4n relative to the wild-type CH3 regions. 

20 18. The in vitro 	od according to any one of the preceding claims 1 to 16, 

wherein said first h in odimeric protein has an amino add substitution at a position 

selected from the (.1.  oup consisting of: 366, 368, 370, 399, 405, 407 and 409, and 

said second 	h. 	idimeric protein 	has an amino 	acid 	substitution at a 	position 

selected from 	e group consisting of: 366, 368, 370, 399, 405, 407 and 409, and 

25 wherein sail 	first homodimeric protein and said second homodimeric protein is not 

substitute^ 	the same positions. 

19. e in vitro method according to any one of the preceding claims 1 to 18, 

whet 	said first homodimeric protein has an amino acid other than Lys, Leu or Met 

at 	sition 409 and said second homodimeric protein has an amino acid substitution 

30 a position selected from the group consisting of: 366, 368, 370, 399, 405 and 

7. 
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20. The in vitro method according to any one of the preceding claims 1 to 18, 

wherein said first homodimeric protein has an amino acid other than'Lys, Leu or Met 

at position 409 and said second homodimeric protein has an aniino acid other than 

Phe at position 405. 

,.., 
5 21. The in vitro method according to any one of the 'preceding claims 1 to 18, 

wherein said first homodimeric protein has an amino acid other than Lys, Leu or Met 
T"' 

at position 409 and said second homodimeric protein,  has an amino add other than 

Phe, Arg or Gly at position 405. 	 42' 

10 

22. The in vitro method according to anyOhe of the preceding claims 1 to 18, 

wherein said first homodimeric protein com 'ties a Phe at position 405 and an amino 

acid other than Lys, Leu or Met at positio1409 and said second homodimeric protein 
:ii;`,  

comprises an amino acid other than Pt-IA-at position 405 and a Lys at position 409. 

23. The in vitro method accord 	,g to any one of the preceding claims 1 to 18, 

wherein said first homodimeric ptein comprises a Phe at position 405 and an amino 

15 acid other than Lys, Leu or Me 	position 409 and said second homodimeric protein 

comprises an amino acid ot 	than Phe, Arg or Gly at position 405 and a Lys at 

position 409. 

24. The in vitro met. 	d according to any one of the preceding claims 1 to 18, 

wherein said first ho 	imeric protein comprises a Phe at position 405 and an amino 

20 acid other than Lys 't-u or Met at position 409 and said second homodimeric protein 

comprises a Leu a 	n sition 405 and a Lys at position 409. 

25. The in 

wherein said 	t 

o method according to any one of the preceding claims 1 to 18, 

homodimeric protein comprises a Phe at position 405 and an Arg at 

position 40°1  -nd said second homodimeric protein comprises an amino acid other 

25 than Phe 4 g or Gly at position 405 and a Lys at position 409. 

26. 21 	e in vitro method according to any one of the preceding claims 1 to 18, 

wher; 	said first homodimeric protein comprises Phe at position 405 and an Arg at 

po 	on 409 and said second homodimeric protein comprises a Leu at position 405 

.. 	a Lys at position 409. 

30 '7. 	The in vitro method according to any one of the preceding claims 1 to 18, 

wherein said first homodimeric protein comprises an amino acid other than Lys, Leu 
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or Met at position 409 and said second homodimeric protein c ii-iprises a Lys at 

position 409, a Thr at position 370 and a Leu at position 405. 

-0•2`' 
28. The in vitro method according to any one of the4receding claims 1 to 18, 

wherein said first homodimeric protein comprises an Arg at position 409 and said 
,:c.),' 

5 second homodimeric protein comprises a Lys at posipon 409, a Thr at position 370 

and a Leu at position 405.  

,.• 
29. The in vitro method according to any,..0

E
ne of the preceding claims 1 to 18, 

wherein said first homodimeric protein comprises a Lys at position 370, a Phe at 

position 405 and an Arg at position 4
, 	and said second homodimeric protein •09 

10 
, 

comprises a Lys at position 409, a Thr a,t,0osition 370 and a Leu at position 405. 
1;i 
l

' 
 

30. The in vitro method accordAii.d to any one of the preceding claims 1 to 18, 

wherein said first homodimeric pratin has an amino acid other than Lys, Leu or Met 
tt4  

at position 409 and said secon,pit
p
knomodimeric protein has an amino acid other than 

%  

Tyr, Asp, Glu, Phe, Lys, Gln, /IA, Ser or Thr at position 407. 
4 • 

15 31. The in vitro methd 	according to any one of the preceding claims 1 to 18, 

wherein said first homoMerit protein has an amino acid other than Lys, Leu or Met 

at position 409 and s, d second homodimeric protein has an Ala, Gly, His, Ile, Leu, 

Met, Asn, Val or Trp 	position 407. 

20 

32. The in vi 	method according to any one of the preceding claims 1 to 18, 

wherein said fi Stihomodimeric protein has an amino acid other than Lys, Leu or Met 

at position 4t 	and said second homodimeric protein has a Gly, Leu, Met, Asn or Trp 

at position 4re7. 
A, 

33. in vitro method according to any one of the preceding claims 1 to 18, 

where up 	aid first homodimeric protein has a Tyr at position 407 and an amino acid 

25 oth- p 	an Lys, Leu or Met at position 409 and said second homodimeric protein has 

an 	ino acid other than Tyr, Asp, Glu, Phe, Lys, Gln, Arg, Ser or Thr at position 407 

• -,.? a Lys at position 409. 

4. 	The in vitro method according to any one of the preceding claims 1 to 18, 

wherein said first homodimeric protein has a Tyr at position 407 and an amino acid 

other than Lys, Leu or Met at position 409 and said second homodimeric protein has 
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an Ala, 

409. 

Gly, His, Ile, Leu, Met, Asn, Val or Trp at position 407 and a L p at position 

35. The in vitro method according to any one of the prec: 	g claims 1 to 18, 

wherein said first homodimeric protein has a Tyr at positio /(117 and an amino acid 

5 other than Lys, Leu or Met at position 409 and said seco 1, 'omodimeric protein has 

a Gly, Leu, Met, Asn or Trp at position 407 and a Lys at ition 409. 

36. The in vitro method according to any one 	a the preceding claims 1 to 18, 

wherein said first homodimeric protein has a 	FA 	at position 407 and an Arg at 

position 409 and said second homodimeric pr., 	has an amino acid other than Tyr, 

10 Asp, Glu, Phe, Lys, Gln, Arg, Ser or Thr at pie ion 407 and a Lys at position 409. 

37. The in vitro method according t 'ny one of the preceding claims 1 to 18, 

wherein said first homodimeric prot; f has a Tyr at position 407 and an Arg at 

position 409 and said second homos. 	eric protein has an Ala, Gly, His, Ile, Leu, Met, 

Asn, Val or Trp at position 407 an 4: Lys at position 409. 

15 38. The in vitro method .t.rding to 
.:' 

any one of the preceding claims 1 to 18, 

wherein said first homodi 0
6‘ 
 lc protein has a Tyr at position 407 and an Arg at 

position 

position 

409 and said secs 

407 and a Lys 

'id 

position 409. 

protein has a Gly, Leu, Met, Asn or Trp at 

,4.' 
39. The in vitro .i: -thod according to any one of the preceding claims 1 to 18, 

20 wherein said first ii modimeric protein has an amino acid other than Lys, Leu or Met 

at position 409, 	d the second homodimeric protein has 

(i)  a 	mind acid other than Phe, Leu and Met at position 368, or 

(ii)  Trp at position 370, or 

(iii an amino acid other than Asp, Cys, Pro, Glu or Gln at position 399. 

25 40 	The in vitro method according to any one of the preceding claims 1 to 18, 

w 	rein said first homodimeric protein has an Arg, Ala, His or Gly at position 409, 

d the second homodimeric protein has 

(i) a Lys, Gln, Ala, Asp, Glu, Gly, His, Ile, Asn, Arg, Ser, Thr, Val, or Trp at 

position 368, or 
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(ii) a Trp at position 370, or 

(iii) an Ala, Gly, Ile, Leu, Met, Asn, Ser, 

position 399. 

Thr, Trp, Phe, His,AWS, Arg or Tyr at 

,H. 
41. 	The in vitro method according to any one of the piteding claims 1 to 18, 

5 wherein said first homodimeric protein has an 

homodimeric protein has 

Arg at pVition 409, 
Fief' 
i'i'' 

and the second 

(i) 	an Asp, Glu, Gly, Asn, Arg, Ser, Thr, Valkibr Trp at position 368, or 

(ii) a Trp at position 370, or 

,:i ii/ (iii) a Phe, His, Lys, Arg or Tyr at posiyion 399. 

/101  
10 42. 	The in vitro method according 	any one of the preceding claims, wherein 

said first and second CH3 regions, except for the specified mutations, comprise the 
X417/  

sequence set forth in SEQ ID NO:14k 
, 

t'e  43. 	The in vitro method a 	rding to any one of the preceding claims, wherein 

neither said first nor said sec "rid homodimeric protein comprises a Cys-Pro-Ser-Cys 

15 sequence in the hinge regigf 

44' 
44. 	The in vitro mead according to any one of the preceding claims, wherein 

,/ 
both said first and said second homodimeric 

sequence in the hi 	region. 

protein comprise a Cys-Pro-Pro-Cys 

45. 	The in v 	1 method according to any one of the preceding claims, wherein 

20 said first and 	and homodimeric proteins, except for any specified 

human antibogies. 

mutations, are 

46. 	T 	in vitro method according to any one of the preceding claims, wherein 

said firs 	d second homodimeric proteins are heavy-chain antibodies. 

47. 	he in vitro method according to any one of the preceding claims 1 to 46, 

25 wh 	in both said first and said second homodimeric proteins further comprise a light 
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48. The in vitro method according to claim 47, wherein said 	Olt chains are 

different. 	 / 

49. The in vitro method according to any one of the pr 	'ding claims, wherein 

said first and/or said second homodimeric protein comp 	s a mutation removing 

5 the acceptor site for Asn-linked glycosylation. 	 , ,/ 
.,/ 

50. The in vitro method according to any one o J. he
/ 	

preceding claims, wherein 

said first and second homodimeric proteins provide •41h step a) and b) are purified. 

51. The in vitro method according to any ofie of the preceding claims, wherein 

said first and/or second homodimeric protei 	conjugated to a drug, a prodrug or a 

10 toxin or contains an acceptor group for the 	,:me. 

52. The in vitro method according ,, a/any one of the preceding claims 4 to 51, 

wherein said first and/or said second 	itope is located on a tumor cell. 

53. The in vitro method accori rig to any one of the preceding claims 4 to 52, 

wherein said first or said seco 0 z epitope is located on a tumor cell and the other 

15 epitope is located on an effec ..'`cell. 
Xl 

54. The in vitro meth..`according to any one of the preceding claims 4 to 53, 

wherein the epitope is lo 	ed on a T cell, such as on CD3 expressed on a T cell. 

55. The in vitro 	(= hod according to any one of the preceding claims 4 to 52, 

wherein said first titsaid second epitope is located on a tumor cell and the other 

20 epitope is locat- t.txon a 	radioisotope, a toxin, a drug or a prodrug, which 	may 

optionally be c 	hro.  g.led or linked to a peptide or hapten. 

56. The i 	vitro method according to any one of the preceding claims 4 to 52, 

wherein 	. 0 
.1 

 first or said second epitope is located on a tumor cell and the other 

epitope 	ocated on an electron dense vesicle or minicell. 

25 57. he in vitro method according to any one of the preceding claims 1 to 52, 

whin the homodimeric proteins are both antibodies, and wherein the first antibody 

a 	the second antibody binds to different epitopes on the same tumor cell. 

L'd 8. 	The in vitro method according to any one of the preceding claims 1 to 52, 

wherein the homodimeric proteins are both antibodies, and wherein the first antibody 
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binds to an epitope on a tumor cell, and the other antibody is an irrieGant or 

inactive antibody without any relevant in vivo binding activity for theapplication 

V  intended. 

59. The in vitro method according to any one of the preceding ,daims, wherein the 

5 
,,t, 

reducing conditions in step c) comprise the addition of a r ducing agent, e.g. a 

reducing 	agent 	selected 	from 	the 	group 	consisting 	of: 	-mercaptoethylamine, 

dithiothreitol and tris(2-carboxyethyl)phosphine or chemic,l derivatives thereof. 

60. The in vitro method according to any one of41 e preceding claims, wherein 

step c) is performed under reducing conditions wit 	redox potential between -150 

10 and -600 mV, such as between -250 and -400 m 

61. The in vitro method according to any( 	ne of the preceding claims, wherein 

step c) comprises incubation for at least 914e in at a temperature of at least 20°C in 

the presence of at least 25 mM 2-mercajraethylamine or in the presence of at least 

0.5 mM dithiothreitol. 	 A'  
r 

15 

62. The in vitro method accord 	g to any one of the preceding claims, wherein 

step d) comprises removal of a rnl ucing agent, e.g. by desalting. 
riY 

63. A method for the sel- i,  on of a bispecific antibody having a desired property, 

said method comprising th 	*.teps of: 

20 a) providing a f ft 	set of homodimeric antibodies comprising antibodies with 

different vari.,i e regions, wherein said antibodies of said first set comprise 

identical firs 	H3 regions, 

b) prow 	ng a second set of homodimeric antibodies comprising antibodies 

25 with 	1 	erent variable 	regions or identical 	variable 	regions, 	wherein said 

anti-1Aies of said second set comprise identical second CH3 regions, 

erein the sequences of said first and second 0-13 regions are different and 

are such that the heterodimeric interaction between said first and second CH3 

30 regions is stronger than each of the homodimeric interactions of said first and 

second CH3 regions, 
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c) incubating combinations of antibodies of said first set and oftigaid second 

set under reducing conditions sufficient to allow the cysteirn in the hinge 
1,.1.42 

region to 	undergo disulfide-bond 	isomerization, thus getrerating a set of 

bispecific antibodies, 	 Th.,  

5 

d) optionally restoring the conditions to non-reducif0; .> 
./..," 
q 

e) assaying the 	resulting set of bispecific .aibodies for a given desired 
At' 

property, and 	 ,PV 

10 ,
i.. 

f) selecting a bispecific antibody having4he desired property. 
tis 

64. 	A method of claim 63, wherein they, iomodimeric antibodies of the second set 

have different variable regions. 	1  

15 	65. 	A method of claim 63, where,'n the homodimeric antibodies of the second set 

have identical variable regions, b491  ave different amino acid or structural variations 

outside of the antigen binding r 	ion. 

66. 	A method for produehLheterodimeric protein, said method comprising the 

following steps: 

20 	a) providing a first n, 	=ic-acid construct encoding a first polypeptide comprising a 

first Fc region of 9 	mmunoglobulin, said first Fc region comprising a first CH3 

region, 

b) providing/ 	second 	nucleic-acid 	construct 	encoding 	a 	second 	polypeptide 

25 	comprising 	second 	Fc 	region 	of an 	immunoglobulin, 	said 	second 	Fc 	region 

comprising: 	first CH3 region, 

wherein he sequences of said first and second CH3 regions are different and are 

such, at the heterodimeric interaction between said first and second CH3 regions is 
i.• 

30 	stroi aer than each of the homodimeric interactions of said first and second 0-13 

r-." 	ns, and 

wherein said first homodimeric protein has an amino acid other than Lys, Leu 

or Met at position 409 and said second homodimeric protein has an amino- 
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acid substitution at a position selected from the group consist! 	;7'of: 366, 

368, 370, 399, 405 and 407. 

and/or 

5 

71,7 

wherein the sequences of said first and second CH3 	Cons are such that the 
4i,:, 

dissociation constants of homodimeric interactions 'breach of the CH3 regions 

are 	between 	0.01 	and 	10 	micromolar, 	suct?, as 	between 	0.05 and 	10 

micromolar, more preferably between 0.01 a At.15, such as between 0.05 and 
li
fe 

5 micromolar, even more preferably betwe01 0.01 and 1 micromolar, such as 

between 0.05 and 1 micromolar, betwee,fi
it, 

 0.01 and 0.5 or between 0.01 and 

10 0.1 when assayed as described in Exa ,ple 21. e 
c)  co-expressing said first and second nu

4
o eic-acid constructs in a host cell, and 

d)  obtaining said heterodimeric prot triYfrom the cell culture. 

15 	67. 	The method according to 	aim 66, wherein 

said first CH3 region 	s an amino acid other than Lys, Leu or Met at position 

409 and said secon .CH3 region has an amino acid other than Phe at position 

405, such as oth 	than Phe, Arg or Gly at position 405 

or 

20 said first e43 region has an amino acid other than Lys, Leu or Met at position 

409 and 	*d second CH3 region has an amino acid other than Tyr, Asp, Glu, 

Phe, L 	Gln, Arg, Ser or Thr at position 407. 

68. Th 	ethod according to claim 	66 or 67, wherein said first and second 

polypept 	s 	are full-length 	heavy 	chains of two 	antibodies that 	bind 	different 

25 	epitope 

69. The method according to any one of preceding claims 66 to 68, wherein step 

c) 	1-ther comprises co-expressing one or more nucleic-acid constructs encoding a 

li 	t-chain in said host cell. 
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70. The method according to any of the preceding claierTh 66 to 69, further 

17 comprising the features of any one or more of claims 2 to V
Cdr 

71. An expression vector comprising the nucleic-ag constructs specified in any 

one of claims 66 to 70. 	 0  

5 72. A host cell comprising the nucleic-acid 	onstructs specified in any one of 

claims 66 to 70. 

73. A heterodimeric protein obtained 	obtainable by the method of any one of 

the preceding claims 1 to 72. 

corgi' 	rising A heterodimeric protein 	, rising a first polypeptide comprising a first Fc 

10 region of an immunoglobulin, sai ' first Fc region comprising a first CH3 region, and a 

second polypeptide comprising 	second Fc region of an immunoglobulin, said second 

Fc region comprising a secor 	CH3 region, wherein the sequences of said first and 

second CH3 regions are • 	erent and are such that the heterodimeric interaction 

between said first and sze•..‘ d CH3 regions is stronger than each of the homodimeric 

15 interactions of said firs 	nd second CH3 regions, and 

wherein said clrf st homodimeric protein has an amino acid other than Lys, Leu 

or Met at . 	ition 409 and said second homodimeric protein has an amino- 

acid subs 	ution at a position selected from the group consisting of: 366, 

368, 37(or 399, 405 and 407 

20 and/d.  

w 	ein the sequences of said first and second CH3 regions are such that the 

•, . ociation constants of homodimeric interactions of each of the CH3 regions 

re 	between 	0.01 	and 	10 	micromolar, 	such as 	between 	0.05 and 	10 

micromolar, more preferably between 0.01 and 5, such as between 0.05 and 

25 5 micromolar, even more preferably between 0.01 and 1 micromolar, such as 

between 0.05 and 1 micromolar, between 0.01 and 0.5 or between 0.01 and 

0.1 when assayed as described in Example 21. 

5. 	The heterodimeric protein according to claim 73, wherein 
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, 
said first CH3 region has an amino add other than Lys, Leu or 	at position 

409 and said second CH3 region has an amino acid other tha 	he at position 

405, such as other than Phe, Arg or Gly, at position 405 

or 	 Ar 

5 said first CH3 region has an amino acid other th 	Lys, Leu or Met at position 

409 and said second CH3 region has an amine,, cid other than Tyr, Asp, Glu, 

Phe, Lys, Gln, Arg, Ser or Thr at position 40 
,+- 

76. The heterodimeric protein according to 	aim 74 or 75, wherein said first and 

second polypeptides are full-length heavy c µns of two antibodies that bind different 

10 	epitopes. 

77. The heterodimeric protein accs . ng to claim 76, further comprising two full- 

length light chains. 

78. The heterodimeric prote 	-ccording to any one of the preceding claims 73 to 

77, further comprising the fe 1res of any one or more of claims 2 to 58. 
,,‘ 

15 	79. 	The heterodimeric 	stein according to any one of claims 74 to 78 for use as a 

medicament. 

80. The heteroci 
tr 

ric protein according to claim 79 for use in the treatment of 

cancer. 

81. A phar 	eutical composition comprising a heterodimeric protein according to 

20 	any one of cl 1 	s 74 to 78 and a pharmaceutically-acceptable carrier. 

82. A 	- hod for inhibiting growth and/or proliferation and/or for killing of tumor 

cells co 	rising administration of a heterodimeric protein according to any one of 

claim 	4 to 78 to an individual in need thereof. 
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CLAIMS 

1. 	 An 	in 	vitro 	method 	for 	generating 	a 	heterodimeric 	protein, 	said 	method 

comprising the following steps: 

a) providing a first homodimeric protein comprising an Fc region of an immunoglobulin, 

said Fc region comprising a first CH3 region, wherein said first homodimeric protein has 

an amino acid substitution at position 366, 

b) providing 	a 	second 	homodimeric 	protein 	comprising 	an 	Fc 	region 	of 	an 

immunoglobulin, said Fc region comprising a second CH3 region, wherein the second 

homodimeric protein has an amino acid substitution at a position selected from the 

group consisting of: 368, 370, 399, 405, and 409, 

wherein the sequences of said first and second CH3 regions are different and are such 

that the heterodimeric interaction between said first and second CH3 regions is stronger 

than each of the homodimeric interactions of said first and second CH3 regions, 

c) incubating 	said 	first protein together with 	said second 	protein 	under reducing 

conditions sufficient to allow the cysteines in the hinge region to undergo disulfide-bond 

isomerization, and 

d) obtaining said heterodimeric protein. 

2. 	 The in vitro method according to claim 1 wherein a) said first homodimeric protein 

has an amino acid substitution at position 366, selected from Arg, Lys, Asn, Gln, Tyr, Glu and 

Gly. 

3. 	 The in vitro method according to claim 1 or 2, wherein said first homodimeric 

protein and said second homodimeric protein are selected from the group consisting of (i) an 

Fc region, (ii) 	an antibody, (iii) a fusion protein comprising an Fc region, and (iv) a Fc region 

conjugated to a prodrug, peptide, drug or a toxin. 

4. 	 The in vitro method according to claim 1 or 2, wherein said first homodimeric 

protein is a full-length antibody. 

5. 	 The in vitro method according to any one of the preceding claims, wherein said 

second homodimeric protein is a full-length antibody. 
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6. The in vitro method according to any one of the preceding claims, wherein said 

first and second homodimeric proteins are both antibodies and bind different epitopes. 

7. The in vitro method according to any one of the preceding claims, wherein the Fc 

region of the first homodimeric protein is of an isotype selected from the group consisting of 

IgGl, IgG2, IgG3 and IgG4 and wherein the Fc region of the second homodimeric protein is of 

an isotype selected from the group consisting of IgGl, IgG2, IgG3 and IgG4. 

8. The in vitro method according to any one of the preceding claims, wherein the Fc 

regions of both said first and said second homodimeric protein are of the IgG1 isotype. 

9. The in vitro method according to any one of the preceding claims, wherein one of 

the Fc regions of said homodimeric proteins is of the IgG1 isotype and the other of the IgG4 

isotype. 

10. The in vitro method according to any one of the preceding claims, wherein the 

increased strength of the heterodimeric interaction as compared to each of the homodimeric 

interactions is due to CH3 modifications other than the introduction of covalent bonds, cysteine 

residues or charged residues. 

11. The in vitro method according to any one of the preceding claims, wherein the 

heterodimeric interaction between said first and second proteins in the resulting heterodimeric 

protein is such that no Fab-arm exchange can occur at 0.5 mM glutathione under the 

conditions described in Example 13. 

12. The in vitro method according to any one of the preceding claims, wherein the 

heterodimeric interaction between said first and second proteins in the resulting heterodimeric 

protein is such that no Fab-arm exchange occurs in vivo in mice under the conditions described 

in Example 14. 

13. The in vitro method according to any one of the preceding claims, wherein the 

heterodimeric interaction between said first and second proteins in the resulting heterodimeric 

protein is more than two times stronger, such as more than three times stronger, e.g. more 

than five times stronger than the strongest of the two homodimeric interactions, e.g. when 

determined as described in Example 30. 

14. The in vitro method according to any one of the preceding claims, wherein the 

sequences of said first and second CH3 regions are such that the dissociation constants of the 
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heterodimeric interaction between said first and second proteins in the resulting heterodimeric 

protein is below 0.05 micromolar when assayed as described in Example 30. 

15. The in vitro method according to any one of the preceding claims, wherein the 

sequences of said first and second CH3 regions are such that the dissociation constants of both 

homodimeric interactions are above 0.01 	micromolar, such as 	above 0.05 	micromolar, 

preferably between 0.01 and 10 micromolar, such as between 0.05 and 10 micromolar, more 

preferably between 0.01 and 5, such as between 0.05 and 5 micromolar, even more preferably 

between 0.01 and 1 micromolar, such as between 0.05 and 1 micromolar, between 0.01 and 

0.5 or between 0.01 and 0.1 micromolar when assayed as described in Example 21. 

16. The in vitro method according to any one of the preceding claims, wherein the 

sequences of said first and second CH3 regions contain amino acid substitutions at non-

identical positions. 

17. The in vitro method according to claim 15, wherein the amino acid substituents 

are natural amino acids or unnatural amino acids. 

18. The in vitro method according to any one of the preceding claims, wherein said 

first homodimeric protein has no more than one amino acid substitution in the CH3 region, and 

the second homodimeric protein has no more than one amino acid substitution in the CH3 

region relative to the wild-type CH3 regions. 

19. The in vitro method according to any one of the preceding claims 1 to 18, wherein 

said first homodimeric protein further has an amino acid other than Lys, Leu or Met at position 

409 and said second homodimeric protein has an amino acid other than Phe at position 405. 

20. The in vitro method according to any one of the preceding claims 1 to 18, wherein 

said first homodimeric protein further has an amino acid other than Lys, Leu or Met at position 

409 and said second homodimeric protein has an amino acid other than Phe, Arg or Gly at 

position 405. 

21. The in vitro method according to any one of the preceding claims 1 to 18, wherein 

said first homodimeric protein further comprises a Phe at position 405 and an amino acid other 

than Lys, Leu or Met at position 409 and said second homodimeric protein comprises an amino 

acid other than Phe at position 405 and a Lys at position 409. 

22. The in vitro method according to any one of the preceding claims 1 to 18, wherein 

said first homodimeric protein further comprises a Phe at position 405 and an amino acid other 
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than Lys, Leu or Met at position 409 and said second homodimeric protein comprises an amino 

acid other than Phe, Arg or Gly at position 405 and a Lys at position 409. 

23. The in vitro method according to any one of the preceding claims 1 to 18, wherein 

said first homodimeric protein further comprises a Phe at position 405 and an amino acid other 

than Lys, Leu or Met at position 409 and said second homodimeric protein comprises a Leu at 

position 405 and a Lys at position 409. 

24. The in vitro method according to any one of the preceding claims 1 to 18, wherein 

said first homodimeric protein further comprises a Phe at position 405 and an Arg at position 

409 and said second homodimeric protein comprises an amino acid other than Phe, Arg or Gly 

at position 405 and a Lys at position 409. 

25. The in vitro method according to any one of the preceding claims 1 to 18, wherein 

said first homodimeric protein further comprises Phe at position 405 and an Arg at position 409 

and said second homodimeric protein comprises a Leu at position 405 and a Lys at position 

409. 

26. The in vitro method according to any one of the preceding claims 1 to 18, wherein 

said first homodimeric protein further comprises an amino acid other than Lys, Leu or Met at 

position 409 and said second homodimeric protein comprises a Lys at position 409, a Thr at 

position 370 and a Leu at position 405. 

27. The in vitro method according to any one of the preceding claims 1 to 18, wherein 

said first homodimeric protein further comprises an Arg at position 409 and said second 

homodimeric protein comprises a Lys at position 409, a Thr at position 370 and a Leu at 

position 405. 

28. The in vitro method according to any one of the preceding claims 1 to 18, wherein 

said first homodimeric protein further comprises a Lys at position 370, a Phe at position 405 

and an Arg at position 409 and said second homodimeric protein comprises a Lys at position 

409, a Thr at position 370 and a Leu at position 405. 

29. The in vitro method according to any one of the preceding claims 1 to 18, wherein 

said first homodimeric protein further has an amino acid other than Lys, Leu or Met at position 

409, and the second homodimeric protein has 

(i) an amino acid other than Phe, Leu and Met at position 368, or 

(ii) a Trp at position 370, or 
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(iii) 	an amino acid other than Asp, Cys, Pro, Glu or Gln at position 399. 

30. 	The in vitro method according to any one of the preceding claims 1 to 18, wherein 

said first homodimeric protein further has an Arg, Ala, His or Gly at position 409, and the 

second homodimeric protein has 

(i) a Lys, Gin, Ala, Asp, Glu, Gly, His, Ile, Asn, Arg, Ser, Thr, Val, or Trp at position 

368, or 

(ii) a Trp at position 370, or 

(iii) an Ala, Gly, Ile, Leu, Met, Asn, Ser, Thr, Trp, Phe, His, Lys, Arg or Tyr at position 

399. 

31. 	The in vitro method according to any one of the preceding claims 1 to 18, wherein 

said first homodimeric protein further has an Arg at position 409, and the second homodimeric 

protein has 

(i) an Asp, Glu, Gly, Asn, Arg, Ser, Thr, Val, or Trp at position 368, or 

(ii) a Trp at position 370, or 

(iii) a Phe, His, Lys, Arg or Tyr at position 399. 

32. 	The in vitro method according to any one of the preceding claims, wherein said 

first and second CH3 regions, except for the specified mutations, comprise the sequence set 

forth in SEQ ID NO:1. 

33. 	The in vitro method according to any one of the preceding claims, wherein neither 

said first nor said second homodimeric protein comprises a Cys-Pro-Ser-Cys sequence in the 

hinge region. 

34. 	The in vitro method according to any one of the preceding claims, wherein both 

said first and said second homodimeric protein comprise a Cys-Pro-Pro-Cys sequence in the 

hinge region. 

35. 	The in vitro method according to any one of the preceding claims, wherein said 

first and 	second 	homodimeric proteins, 	except for any specified 	mutations, 	are 	human 

antibodies. 
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36. The in vitro method according to any one of the preceding claims, wherein said 

first and second homodimeric proteins are heavy-chain antibodies. 

37. The in vitro method according to any one of the preceding claims 1 to 36, wherein 

both said first and said second homodimeric proteins further comprise a light chain. 

38. The in vitro method according to claim 37, wherein said light chains are different. 

39. The in vitro method according to any one of the preceding claims, wherein said 

first and/or said second homodimeric protein comprises a mutation removing the acceptor site 

for Asn-linked glycosylation. 

40. The in vitro method according to any one of the preceding claims, wherein said 

first and second homodimeric proteins provided in step a) and b) are purified. 

41. The in vitro method according to any one of the preceding claims, wherein said 

first and/or second homodimeric protein is conjugated to a drug, a prodrug or a toxin or 

contains an acceptor group for the same. 

42. The in vitro method according to any one of the preceding claims 4 to 41, wherein 

said first and/or said second epitope is located on a tumor cell. 

43. The in vitro method according to any one of the preceding claims 4 to 42, wherein 

said first or said second epitope is located on a tumor cell and the other epitope is located on 

an effector cell. 

44. The in vitro method according to any one of the preceding claims 4 to 43, wherein 

the epitope is located on a T cell, such as on CD3 expressed on a T cell. 

45. The in vitro method according to any one of the preceding claims 4 to 42, wherein 

said first or said second epitope is located on a tumor cell and the other epitope is located on a 

radioisotope, a toxin, a drug or a prodrug, which may optionally be coupled or linked to a 

peptide or hapten. 

46. The in vitro method according to any one of the preceding claims 4 to 42, wherein 

said first or said second epitope is located on a tumor cell and the other epitope is located on 

an electron dense vesicle or minicell. 
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47. The in vitro method according to any one of the preceding claims 1 to 42, wherein 

the homodimeric proteins are both antibodies, and wherein the first antibody and the second 

antibody binds to different epitopes on the same tumor cell. 

48. The in vitro method according to any one of the preceding claims 1 to 42, wherein 

the homodimeric proteins are both antibodies, and wherein the first antibody binds to an 

epitope on a tumor cell, and the other antibody is an irrelevant or inactive antibody without 

any relevant in vivo binding activity for the application intended. 

49. The in vitro method according to any one of the preceding claims, wherein the 

reducing conditions in step c) comprise the addition of a reducing agent, e.g. a reducing agent 

selected 	from 	the 	group 	consisting 	of: 	2-mercaptoethylamine, 	dithiothreitol 	and 	tris(2- 

carboxyethyl)phosphine or chemical derivatives thereof. 

50. The in vitro method according to any one of the preceding claims, wherein step c) 

is performed under reducing conditions with a redox potential between -150 and -600 mV, 

such as between -250 and -400 mV. 

51. The in vitro method according to any one of the preceding claims, wherein step c) 

comprises incubation for at least 90 min at a temperature of at least 20°C in the presence of 

at least 25 mM 2-mercaptoethylamine or in the presence of at least 0.5 mM dithiothreitol. 

52. The in vitro method according to any one of the preceding claims, wherein step d) 

comprises removal of a reducing agent, e.g. by desalting. 

53. A method for the selection of a bispecific antibody having a desired property, said 

method comprising the steps of: 

a) providing a first set of homodimeric antibodies comprising antibodies with different 

variable regions, wherein said antibodies of said first set comprise identical first CH3 

regions, 	wherein said first homodimeric protein has an amino acid substitution at 

position 366, 

b) providing 	a 	second 	set 	of homodimeric 	antibodies 	comprising 	antibodies 	with 

different variable regions or identical variable regions, wherein said antibodies of said 

second set comprise identical second CH3 regions, wherein the second homodimeric 

protein has an amino acid substitution at a position selected from the group consisting 

of: 368, 370, 399, 405, and 409, 
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wherein the sequences of said first and second CH3 regions are different and are such 

that the heterodimeric interaction between said first and second CH3 regions is stronger 

than each of the homodimeric interactions of said first and second CH3 regions, 

c) incubating combinations of antibodies of said first set and of said second set under 

reducing conditions sufficient to allow the cysteines in the hinge region to undergo 

disulfide-bond isomerization, thus generating a set of bispecific antibodies, 

d) optionally restoring the conditions to non-reducing, 

e) assaying the resulting set of bispecific antibodies for a given desired property, and 

f) selecting a bispecific antibody having the desired property. 

54. A method of claim 53, wherein the homodimeric antibodies of the second set have 

different variable regions. 

55. A method of claim 53, wherein the homodimeric antibodies of the second set have 

identical variable regions, but have different amino acid or structural variations outside of the 

antigen binding region. 

56. A heterodimeric protein obtained or obtainable by the method of any one of the 

preceding claims 1 to 55. 

57. The heterodimeric protein according to claim 56 further comprising the features of 

any one or more of claims 2 to 48. 

58. The heterodimeric protein according to claim 56for use as a medicament. 

59. The heterodimeric protein according to claim 56 for use in the treatment of 

cancer. 

60. A pharmaceutical composition comprising a heterodimeric protein according to 

any one of claims 56 and a pharmaceutically-acceptable carrier. 
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61. 	A method for inhibiting growth and/or proliferation and/or for killing of tumor cells 

comprising administration 

need thereof. 

of a heterodimeric protein according to claim 56 to an individual in 


