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Claims: 
1. An asymmetric antibody comprising two heavy chains or heavy chain fragments each 
comprising at least a variable region, a hinge region and a CHI domain, wherein a first heavy 
chain or fragment thereof is a class IgG4 and has: 

a. the inter-chain cysteine at position 127, numbered according to the Kabat 
numbering system, in the CHI domain is substituted with another amino acid; and 
b. one or more of the amino acids positioned in the upper hinge region is substituted 
with cysteine, and 

wherein the second heavy chain or fragment thereof is characterised in that part or all of the chain 
has a different amino acid sequence to said first heavy chain in at least the region outside the 
variable region (for example the constant region) 
3T Aft-asyiwi-ieyHe antibody comprising a first and second heavy-chain or heavy chain 
frogment(s) each co^ff^g-atr4&ast-ti-vai-iftb-leH:egien, a hinge regioH^mi^Cii-j-domaHv^vhereffi 
the first heavy chain or fragment t hereof-is-a-ehtss-lgG4-md has an IgGl type hinge and-#re 
seet>nd-l^eav^ehan^e]^Pi agment thereof has a different-iH-uine-aeid sequence to said first heavy 
eh a in in at least the-reg-ien-eutside the variable region, 
3T2. The asymmetric antibody according to claim 1 or 2, wherein the one or more amino acids 
positioned in the upper hinge region of the first heavy chain is substituted with cysteine and is 
selected from 227, 228, 229 and 230, numbered according to the Kabat numbering system. 
43. The asymmetric antibody according to claim 3-2, wherein the glycine at position 230, 
numbered according to the Kabat numbering system, is substituted with cysteine. 
5r4. The asymmetric antibody according to claim-3-er-4 2 or 3, wherein the tyrosine at position 
229, numbered according to the Kabat numbering system, is substituted with cysteine. 
6T5. The asymmetric antibody according to any one of claims 3-te-§- 2 to 4, wherein the lysine at 
position 228, numbered according to the Kabat numbering system, is substituted with cysteine. 
7T6. The asymmetric antibody according to any one of claims 3 to 6 2 to 5, wherein the serine at 
position 227, numbered according to the Kabat numbering system, is substituted with cysteine. 
&7. The asymmetric antibody according to any of claims 1 to 7 1 to 6, wherein the cysteine at 
position 239 and the cysteine at position 242, numbered according to the Kabat numbering system, 
in the first heavy chain are substituted with another amino acid. 
9-. 8. The asymmetric antibody according to any of claim 1 to 7 1 to 6, wherein the cysteine at 
position 239, numbered according to the Kabat numbering system, in the first heavy chain is 
substituted with another amino acid. 
-1-0T9 The asymmetric antibody according to any of claims 1 to 7 1 to 6. wherein the cysteine at 
position 242, numbered according to the Kabat numbering system, in the first heavy chain is 
substituted with another amino acid. 
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1-k An asymmetric anIibodyHHw^mi-n tMwolieavy chains each comprising at-least-a-var-iable 
fegiOB^-hinge-re^-i-on and a CHI domain, wherein in a iH^i-heavy-ehain or fragment tliereofis 

a) the inter-chain•cysto»e-a'Haesrtiei-i-127, numbered according to the KabaHrambefrog 
system, is substituted with another am-ine-aeid-; and 
b)-eptoaaHy-the cysteine at position 239 or t-he-eysteine-at position 242, numbered 

a66efdii->g4a4he4C-abatH^umbcring system, is substituted wl-j^-atiothei^affl-i-fte-acid; wherein the 
second heavy chain -oy-fetgrnefri thereof is characterised in that it has-a different-ammo acid 
sequence to said first I^H^y^^^H-HV-a-region outside the variable region. 
42TJ_0, The asymmetric antibody according to any of claims 8 to 11 7 to 9. wherein the cysteine at 
position 239 and/or the cysteine at position 242 of a first heavy chain is substituted by a non-thiol 
containing amino acid. 
4-3rl 1. The asymmetric antibody according to claim 1210. wherein the non-thiol containing amino 
acid is serine. 
44T12. The asymmetric antibody according to any preceding claim wherein an amino acid at 
residue 240 and / or 241 according to Kabat number is replaced by another amino acid. 
4-5T13. The asymmetric antibody according to any preceding claim, wherein the cysteine at 
position 127 is substituted by a non-thiol containing amino acid. 
4&-14. The asymmetric antibody according to claim +413, wherein the non-thiol containing amino 
acid is serine. 
4-7T15. The asymmetric antibody according to any preceding claim, wherein the heavy chain is 
mutated to insert three amino acids between amino acids 226-243, numbered according to the 
Kabat numbering system 
4&-16. The asymmetric antibody according to claim -1-715, wherein the first heavy chain is mutated 
to insert three amino acids between positions 238 and 239, numbered according to the Kabat 
numbering system. 
19T17. The asymmetric antibody according to claim 4-816. wherein three alanines are inserted 
between positions 238 and 239, of the first heavy chain numbered according to the Kabat 
numbering system. 
20718. The asymmetric antibody according to claim 1816. wherein a threonine, a histidine and a 
further theronine are inserted between positions 238 and 239, of the first heavy chain numbered 
according to the Kabat numbering system. 
24T19. The asymmetric antibody according to any preceding claim, wherein the serine at position 
241, of the first heavy chain numbered according to the Kabat numbering system, is substituted 
with proline. 
22r20. The asymmetric antibody according to any preceding claim, wherein in the first heavy 
chain the glycine at position 230 is substituted with cysteine, the serine at position 227 is 
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substituted with proline, the tyrosine at position 229 is substituted with serine, the proline at 
position 237 is substituted with aspartic acid, the proline at position 238 is substituted with lysine, 
the amino acid sequence threonine-histidine-threonine is inserted between positions 238 and 239 
and the serine at position 241 is substituted with proline. 
23T21. The asymmetric antibody according to any preceding claim, wherein one or more of the 
heavy chains or fragments thereof comprises a CH2 domain and/or a CH3 domain. 
-24r22. The asymmetric antibody according to any preceding claim, wherein each heavy chain 
comprises a variable region and the two variable regions are identical. 
S5T23. The asymmetric mixed antibody according to any one of claims 1 to 23,1 to 21, wherein 
each heavy chain comprises a variable region and the two variable regions are different. 
2Sr24. The asymmetric antibody according to claim 2423, wherein the antibody is bi-specific. 
27T25. The asymmetric antibody according to any preceding claim, wherein hinge region in each 
heavy chain or heavy chain fragment is different, for example a different amino acid sequence 
and/or a different sequence length 
28T26. The asymmetric antibody according to any one of claims 1 to 27 J_ 2f wherein hinge 
region in each heavy chain or heavy chain fragment is the same, for example the same amino acid 
sequence. 
29T27. The asymmetric antibody according to any one of claims 1 to 28 1 to 26. wherein the heavy 
chain or each heavy chain comprises an upper hinge region and core region of 12 to 17 amino 
acids in length, for example 15 amino acids in length. 
3&T28. The asymmetric antibody according to any one of claims, wherein the second heavy chain 
is class IgG4 or class IgGl, such as a class IgG4. 
34-29. An expression vector comprising a sequence which encodes an antibody as defined in any 
one of claims 1 to 30 1 to 28. 
32-30. A host cell comprising a vector as defined in claim 3429. 
3§?31. An antibody as defined in any one of claims 1 to 30 1 to 28 for use in the treatment of a 
disease disorder. 
3-4r32. A method of generating an antibody as defined in any one of claims 1 to 30 1 to 28 
comprising the steps of taking a symmetrical antibody comprising a first heavy chain sequence or 
a fragment thereof as defined herein and mixing the said antibody in vitro with a second 
symmetrical antibody comprising a second heavy chain sequence or a fragment thereof which is 
different to said first heavy chain sequence, under conditions conducive to heavy chain exchange 
between the two antibodies, and optionally isolation of the asymmetric mixed antibody obtained 
therefrom. 


