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CLAIMS

1. A method of increasing an effector function of a parent polypeptide comprising/an
Fc-domain of an immunoglobulin and a binding region, which method compris
introducing a mutation to the parent polypeptide in at least one amino acid yesidue
selected from those corresponding to E345, E430, S440, Q386, P247, 12543, S254,
Q311, D/E356, T359, E382, Y436, and K447 in the Fc-region of a humgh IgG1 heavy
chain, with the proviso that the mutation in 5440 is S440Y or 5440

2. The method according to claim 1 of increasing an effector fupfction of a parent
antibody, comprising introducing a mutation to the parent agfibody in at least one
amino acid residue selected from those corresponding to 345, E430, 5440, Q386,
P247, 1253, S254, Q311, D/E356, T359, E382, Y436, affd K447 in the Fc-region of a
human IgG1 heavy chain, with the proviso that the tation in $440 is $440Y or
S440W.

3. A method of decreasing an effector functigh of a parent polypeptide comprising an
Fc-domain of an immunoglobulin and a binding region, which method comprises
introducing a mutation to the parent polfpeptide in one amino acid residue selected
from those corresponding to K439 and S440 in the Fc-region of a human IgG1 heavy
chain, with the proviso that the myfation in 5440 is not S440Y or S440W, such as
wherein the mutation in the posjpfion cotresponding to K439 in the Fc-region of
human IgG1l heavy chain is K#3ISD/E, and/or the mutation in the position
corresponding to 5440 in the Fc-region of human IgG1 heavy chain is S440K/H/R.

4. The method accordjlig to claim 3 of decreasing an effector function of a parent
antibody comprisingfintroducing a mutation to the parent antibody in one amino acid
residue selected fom those corresponding to K439 and $S440 in the Fc-region of a
human IgG1 hffavy chain, with the proviso that the mutation in 5440 is not 5440Y or
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5. The method according to any one of the claims 2 or 4, wherein the parent
antibody is a monospecific, bispecific or multispecific antibody.

6. The method according to claim 5, wherein the parent antibody is a bispecifi
antibody which comprises a first polypeptide comprising a first CH2-CH3 regfon of an
immunoglobulin and a first antigen-binding region, and a second polypepfide
comprising a second CH2-CH3 region of an immunoglobulin and a secghd antigen-
binding region, wherein the first and second antigen-binding regiong/bind different
epitopes on the same antigen or on different antigens, and whergfy said first CH2-
CH3 region comprises a further amino acid substitution at a pogftion selected from
those corresponding to K409, T366, L368, K370, D399, F40% and Y407 in the Fc-
region of a human IgG1 heavy chain; and wherein said sgfond CH2-CH3 region
comprises a further amino acid substitution at a positioyf selected from those
corresponding to F405, T366, L368, K370, D399, Y407, and K409 in the Fc-region of
a human IgG1 heavy chain, and wherein said furth&r amino acid substitution in the
first CH2-CH3 region is different from the said ffther amino acid substitution in the
second CH2-CH3 region.

7. The method according to claim 5 or 6/wherein the parent antibody is a bispecific
antibody and comprises a first polypegftide and a second polypeptide, wherein said
first polypeptide comprises a first GA2-CH3 region of an immunoglobulin and a first
antigen-binding region, and said/Aecond polypeptide comprises a second CH2-CH3
region of an immunoglobulin aHd a second antigen-binding region, wherein the first
and second antigen-binding/egions bind different epitopes on the same antigen or
on different antigens, sajf method comprising introducing to each of the first and
second CH2-CH3 regig/h a mutation in at least ane amino acid residue selected from
those corresponding/to E345, E430, $440, Q386, P247, 1253, S254, Q311, D/E356,
T3598, E382, Y436/ and K447 in the Fc-region of @ human IgG1 heavy chain, with the
proviso that' thg mutation in S440 is S440Y or S440W.

8. A methpd according to any one of the claims 1 to 2 and 5 to 7, said method
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{i} in each of the amino acid residues corresponding to K439 and 5440 in the Fc-
region of a human IgG1 heavy chain, with the proviso that the mutation in 5440 is
not S440Y or S440W,

{ii} in each of the amino acid residues corresponding to K447 and 448 in the F

region of a human IgG1l heavy chain, such as K447K/R/H and 448E/D in thefc-
region of a human IgG1 heavy chain, preferably K447K and 448E in the F£-region of
a human IgG1 heavy chain, or

(iii) in each of the amino acid residues corresponding to K447, 448 ghd 449 in the
Fc-region of a human IgG1 heavy chain, such as K447D/E, 448K/P/H and 449P in
the Fc-region of a human IgG1 heavy chain, preferably K447E, A48K and 449P in the

Fc-region of a human IgG1l heavy chain.

9. The method according to claim 8, said method comppfses introducing the mutation
in one or more positions other than S440, and furtheyintroducing a mutation in each
of the amino acid residues corresponding to K439 ghd 5440 in the Fc-region of a
human IgG1 heavy chain, with the proviso that ghe mutation in $440 is not 5440Y or
S440W.

10. The method according to claim 9, wherein the mutation in the position
corresponding to K439 in the Fe-reqigh of human IgG1 heavy chain is K439D/E,
and/or the mutation in the positionfLorresponding to $440 in the Fc-region of human
IgG1 heavy chain is 5440K/H/R.

11. A method of increasing An effector function of a combination of at least a first
and a second parent polyfeptide, wherein the at least first and second parent
polypeptide each compfises an Fc-domain of an immunoglobulin and a binding
region, wherein saig/method comprises
(i) introducing tofhe at least first and/or second parent polypeptide a mutation in
one or more agfino acid residues selected from the group consisting of:

{a) aff amino acid residue within the CH2-CH3 region providing allosteric
mutationg/

Y an amino acid residue within the hydrophobic knobs of the CH2-CH3

{c) an amino acid residue within the N-terminal CH3 helix,
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{d) an amino acid residue within the C-terminal CH3 beta-strand, with the
proviso that in case of a mutation corresponding to 5440 in the Fc-region of a hum
1gG1 heavy chain the mutation is S440Y or S440W, and

{e) an amino acid residue corresponding to E345, E382 or Q386 in the j-
region of a human IgG1 heavy chain.

12. The method according to claim 11 of increasing an effector functiop/of a
combination of at least a first and a second parent antibody, whereip/the at least
first and second parent antibody each comprises a Fc-domain of gA immunoglobulin
and an antigen-binding region, wherein said method comprises

(i) introducing to the at least first and/or second parent antibbdy a mutation in one
or more aming acid residues selected from the group consjting of:

{a) an amino acid residue within the CH2-CH3 redion providing allosteric
mutations,

{b) an amino acid residue within the hydrophobic knobs of the CH2-CH3
region,

{c) an amino acid residue within the Nfterminal CH3 helix,

{d) an amino acid residue within thg/C-terminal CH3 beta-strand, with the
pravise that in case of a mutation corregponding to 5440 in the Fe-region of a human
IgG1 heavy chain the mutation is S448Y or S440W, and

{e) an amino acid residue cgfresponding to E345, E382 or Q386 in the Fc-

region of a human IgG1 heavy cjfain.

13. The method according 34 claim 12, wherein the mutation in the at least first
and/or second parent anjfbody is in at least one amino acid residue selected from
those corresponding tg/E345, E430, S440, Q386, P247, 1253, S254, Q311, D/E356,
T359, E382, Y436, hd K447 in the Fc-region of a human IgG1 heavy chain, with the
proviso that the piutation in 5440 is S440Y or S440W.

14, The metflod according to claim 12 to 13, wherein said method comprises
introducind a mutation in both the first and second parent antibodies.

15. Jhe method according to claim 12, wherein said method comprises

(i) introducing a mutation to the first parent antibody in at least one amino
cid residue selected from those corresponding to E345, E430, 5440, Q386, P247,
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1253, 5254, Q311, D/E356, T359, E382, Y436, and K447 in the Fc-region of 2 human
IgG1l heavy chain, with the proviso that the mutation in S440 is S440Y or S440W,

(ii) providing the second parent antibody which does not comprise a mutagon
in an amino acid residue selected from those corresponding to E345, E430, S440,
Q386, P247, 1253, 5254, Q311, D/E356, T359, E382, Y436, and K447 in thg/Fc-
region of a human IgG1 heavy chain.

16. The method according to any one of the claims 12 to 15, whereiyf said method
comprises introducing the mutation in one or more positicns othey/than 5440, and
wherein said method further comprises the steps of

(i) intreducing to the first parent antibody a second tation in the amino
acid residue corresponding to position K439 in the Fc-regigh of a human IgG1 heavy
chain; and

(ii) introducing to the second parent antibody 4 second mutation in the amino
acid residue corresponding to position 5440 in the fc-region of a human IgG1 heavy
chain, with the proviso that the mutation in 5448 is not 5440Y or S440W; wherein
steps (ii) and (iii) may alternatively be

(i) introducing to the first parent anfbody a second mutation in the amino
acid residue corresponding to poesition $S#40 in the Fc-region of a human IgG1 heavy
chain, with the proviso that the mutat/on in 5440 is not $440Y or $S440W; and

{ii) introducing to the secong parent antibody a second mutation in the amino
acid residue corresponding to pogition K439 in the Fc-region of a human IgG1 heavy

chain.

17. The method according to claim 16, wherein the mutation in the position
corresponding to K4394An the Fc-region of human IgG1 heavy chain is K439D/E, and
the mutation in the position corresponding to 5440 in the Fc-region of human IgG1
heavy chain is S4A0K/H/R.

18. The metffod according to any one of the claims 12 to 17, wherein said at least

first and sfcond parent antibodies may each be selected from the group of

cific, bispecific and multispecific antibodies.
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1S. The method according to claim 18, wherein said at least first and second parent
antibodies are bispecific or multispecific antibodies which bind different epitopes on

the same antigen or on different antigens.

20. The method according to claim 18 or 19, wherein said at least first and g&cond
parent antibodies are each a bispecific antibody which comprises a first pglypeptide
comprising a first CH2-CH3 region of an immunoglobulin and a first anpgen-binding
region, and a second peolypeptide comprising a second CH2-CH3 regjfn of an
immunoglobulin and a second antigen-binding region, wherein theffirst and second
antigen-binding regions bind different epitopes on the same anjfgen or on different
antigens, and wherein said first CH2-CH3 region comprises g/urther amino acid
substitution at a position selected from those correspondinf to K409, T366, L3638,
K370, D399, F405, and Y407 in the Fc-region of a humghf IgG1 heavy chain; and
wherein said second CH2-CH3 region comprises a fugfher amino acid substitution at
a position selected from those corresponding to F4#45, T366, L368, K370, D399,
Y407, and K409 in the Fc-region of a human Ig@/l heavy chain, and wherein said
further amino acid substitution in the first CHZ-CH3 region is different from the said
further amino acid substitution in the secopfl CH2-CH3 region.

21. The method according to any oneAf the claims 1 to 2, 5to 7, 11 to 15, and 18
to 20, wherein the mutation is in aj/least one amino acid residue selected from those
corresponding to E345, E430, 5440 to Y or W, and Q386 in the Fc-region of a human
IgG1 heavy chain, preferably yherein the mutation is at least one amino acid
substitution of the followingf E345to R, Q, N, or K, E430to T, S, or G, S440to Y or
W, or Q386 to K.

22. The methad acc#rding to any one of the claims 1 to 2, 5to 7, 11 to 15, and 18
to 20, comprising/Antroducing to the parent antibody a mutation in at least two
amino acid resjfiues selected from those corresponding to E345, E430, $440, Q386,
P247, 1253, 5254, Q311, D/E356, T359, E382, Y436, and K447 in the Fc region of a
human Ig#l heavy chain, with the proviso that the mutation in $440 is $440Y or

2¥ The method according to claim 22, comprising introducing to the parent antibody
mutation in at least two amino acid residues selected from those corresponding to
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E345, E430, Q386, and S440 in the Fc-region of a human IgG1 heavy chain, with the
proviso that the mutation in 5440 is S440Y or 5440W, such as wherein the mutatio
in the at least two amino acids are selected from the following: E345 to R, @, N,
K,E430to T, S, or G, 5440 to Y or W, or Q386 to K.

24. The method according to any one of the claims 1 to 23, wherein the gffector
function is an Fc-mediated effector function selected from an Fc-mediaged effector
function selected from C1g-binding, complement activation, complepfent dependent
cytotoxicity (CDC), antibody-dependent cell-mediated cytotoxity (ADCC), FcRn-
binding, Fe-receptor binding including Fc-gamma receptor-bindpfg, Protein A-binding,
Protein G-binding, antibody-dependent cellular phagocytosis /ADCP), complement-
dependent cellular cytotoxicity (CBCC), complement-enhapfced cytotoxicity ,
opsonisation, Fc-containing polypeptide internalization, Yarget downmodulation, ADC
uptake, induction of apoptosis, cell death, cell cycle gfrest, and any combination

thereof.

25. The method according to any one of the gdfaims 1 to 2 and 5 to 24, wherein the
effector function is increased when the antjpody is bound to its antigen.

26. The method according to claim 25/ wherein the antigen is on an antigen-

expressing cell, cell membrane, or yfirion,

27. A method of inducing an effector response, against a cell, cell membrane, or
virion expressing a target tgwhich a parent polypeptide comprising an Fc-domain of
an immunoglobulin and inding region binds, comptising

(i} providing a plarent polypeptide or & combination of at least a first parent
polypeptide and a sgond parent polypeptide which has been mutated according to
any one of the clgfms 1 to 24, and

(ii) contAicting a preparation of the mutated parent polypeptide of step (i) or
ombination of at least a first parent polypeptide and a second parent

of step (i) with the cell, cell membrane, or virion expressing an antigen
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28. The method according to claim 27 of inducing an effector response, against a
cell, cell membrane, or virion expressing an antigen to which a parent antibody
binds, comprising

(i) providing a parent antibody or a combination of at least a first pare
antibody and a second parent antibody which has been mutated according tg any
one of the claims 1 to 24; and

(i1} contacting a preparation of the mutated parent antibody of gfep (i) or the
mutated combination of at least a first parent antibody and a second/parent antibody
of step {i) with the cell, cell membrane, or virion expressing an anfigen in the

presence of human complement or an effector cell.

29. The method according to claim 27 or 28, wherein the gifector response is
complement dependent cytotoxicity {CDC), an Fc-medigled effector response
selected from an Fc-mediated effector response selegfed from Clqg-binding,
complement activation, complement dependent cygbtoxicity (CDC), antibody-
dependent cell-mediated cytotoxity (ADCC), FcBA-binding, Fc-receptor binding
including Fc-gamma receptor-binding, Protein/A-binding, Protein G-binding,
antibody-dependent cellular phagocytosis (ADCP), complement-dependent cellular
cytotoxicity (CDCC), complement-enhanged cytotoxicity , opsonisation, Fc-containing
polypeptide internalization, target doywhmodulation, ADC uptake, induction of
apoptosis, cell death, cell cycle arrght, and any combination thereof.

30. A method of increasing th¢/specificity of a combination of at least a first and a
second parent polypeptide gdbmprising an Fc-domain of an immunoglobulin and a
binding region, comprisi

A)

(i) introducind to the first parent pelypeptide a mutation in an amino acid
residue in the pogftion corresponding to K439 in the Fc region of a human IgG1
heavy chain; aid

(i) indroducing to the second parent polypeptide a mutation in an amino acid
residue iny/the position corresponding to $440 in the Fc-region of a human IgG1
heavy ghain, with the proviso that the mutation in S440 s not S440Y or S440W,
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B)

(i) introducing to the first parent polypeptide a mutation in an amino acid
residue in the position corresponding to K447D/E in the Fc region of @ human Ig
heavy chain; and

(ii) introducing to the second parent polypeptide a mutation in an amiho acid
residue in the position corresponding to K447K/R/H and 448P in the Fc-redion of a
human IgG1 heavy chain; or

o)

{i) introducing to the first parent polypeptide a mutation in/an amino acid
residue in the position corresponding to K447D/E in the Fc regigh of a human IgG1
heavy chain; and

{ii} introducing to the second parent polypeptide a ghutation in an amino acid
residue in the position corresponding to K447K/R/H, 44#K/R/H and 449P in the Fc-
region of a human IgG1 heavy chain.

31. The method according to claim 30 of increagfng the specificity of a combination
of at least a first and a second parent antibod¥, comprising

(i} introducing to the first parent anbody a mutation in an amino acid
residue in the position corresponding to X439 in the Fc region of a human IgG1
heavy chain; and

(ii) introducing to the secong parent antibody a mutation in an amino acid
residue in the position correspongding to 5440 in the Fc-region of a human IgG1
heavy chain, with the proviso ghat the mutation in 5440 is not S440Y or S440W.

32. The method according to claim 31, wherein the mutation in the position
corresponding to K439An the Fc-region of human IgG1 heavy chain is K439D/E, and
the mutation in the gosition corresponding to $S440 in the Fc-region of human IgG1
heavy chain is S440K/H/R.

33. The met}od according to any one of the claims 1 to 32, wherein the parent
antibody gf the combination of a first parent antibody and a second parent antibody
is @ huphan IgG1, IgG2, IgG3, IgG4, IgAl, IgA2, 1gD or IgE, optionally a human full-
antibody, such as a human full-length IgG1 antibody.
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34. A variant of a parent polypeptide comprising an Fc-domain of an immunoglobulin
and a binding region, wherein the variant comprises a mutation in at least one ami
acid residue selected from those corresponding to E345, E430, $440, Q386, P247
1253, 254, Q311, D/E356, T359, E382, Y436, and K447 in the Fc-region of a luman
IgG1 heavy chain, with the proviso that the mutation in $440 is S440Y or S440W.

35. The variant according to claim 34 of a parent antibody comprising gh antigen-
binding region and a Fc-domain, wherein the variant comprises a myfation in at least
one amino acid residue selected from those corresponding to E34%, E430, 5440,
Q386, P247, 1253, 5254, 311, D/E356, T359, E382, Y436, ang K447 in the Fc-
region of a human IgG1 heavy chain, with the proviso that the mutation in 5440 is
5440Y or S440W.

36, The variant according to claim 35, wherein the mydtation in at least one amino
acid residue is selected from those corresponding 4 E345X, E430X, S440W/Y,
Q386K, P247G, 1253V, S254L, Q311L/W, D/E358R, E382V, and Y4361 in the Fc
region of a human IgG1 heavy chain, wherej is any amino acid, such as a natural

occurring amino acid.

37. The variant according to claim 36/wherein the mutation in at least one amino
acid residue is selected from those f£orresponding to E345X, E430X, S440W/Y,
Q386K, in the Fc region of a hunyan IgG1 heavy chain, wherein X is any amino acid,
such as a natural occurring arpino acid.

38. The variant according/tc claim 37, wherein the mutation in at least one amino
acid residue is selecteg/Tfrom those corresponding to
E345R/Q/N/K/A/C/DIF/G/H/T/L/M/P/S/T/V/W/Y,
E430T/S/G/A/C/DAF/H/T/L/IK/M/N/B/Q/R/V/W/Y,

S440W/Y,

and Q386K

in the Fc ptgion of a human IgG1 heavy chain.

39. Jhe variant according to claim 38, wherein the mutation in at least one amino

agld residue is selected from those corresponding to E345R/Q/N/K, E430T/5/G,
440Y/W, and Q386K in the Fc-region of a human IgG1 heavy chain.
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40, A variant of a parent polypeptide comprising an Fc-domain of an immunocglobuli

mutations, }

(b) an amino acid residue within the hydrophobic knobs of the GA2-CH3
region,

(c) an amino acid residue within the N-terminal CH3 helix,

(d) an amino acid residue within the C-terminal CH3 betg-strand, with the
proviso that in case of @ mutation corresponding to 5440 in tfie Fc-region of a human
IgG1 heavy chain the mutation is 5440Y or 5440W, and

(e) an amino acid residue correspanding to E345/E382 or Q386 in the Fc-
region of a human IgG1 heavy chain,

wherein the at least two amino acid mutatighis are different.

41. The variant according to claim 40 of a pagént antibody comprising an antigen-
binding region and a Fc-domain, wherein the variant comprises a mutation in at least
two amino acid residues selected from the group of

{a) an amino acid residue withjh the CH2-CH3 region providing allosteric
mutations,

(b) an amino acid residueAvithin the hydrophobic knobs of the CH2-CH3
region,

{c) an amino acid regfdue within the N-terminal CH3 helix,

{d) an amino acid fesidue within the C-terminal CH3 beta-strand, with the
proviso that in case of A mutation corresponding to S440 in the Fc-region of a human
igG1 heavy chain th# mutation is 5440Y or S440W, and

{e) an amjho acid residue corresponding to E345, E382 or Q386 in the Fc-
region of a hurgfan IgG1 heavy chain,

whergin the at least two amino acid mutations are different.
42. Thefvariant according to claim 41, wherein the variant comprises a mutation in

at legst two amino acid residues selected from those corresponding to E345, E430,
S440, Q386, P247, 1253, 5254, Q311, D/E356, T359, E382, Y436, and K447 in the
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Fc-region of 38 human IgG1 heavy chain, with the proviso that the mutation in 5440
is S440Y or 5440W,

43, The variant according to claim 42, wherein the variant comprises a mutatigh in
at least two amino acid residues selected from those corresponding to E345
E430X, S440W/Y, Q386K, P247G, 1253V, S254L, Q311L/W, D/E356R, E3§2V, and
Y4361 in the Fc region of a human IgG1 heavy chain, wherein X is any Zmino acid,

such as a natural occurring amino acid.

44. The variant according to claim 43, wherein the variant comgfrises a mutation in
at least two amino acid residues selected from the group of ¢ghrresponding to those
of E345X, E430X, S440W/Y, and Q386K in the Fc-region offa human IgG1l heavy

chain, wherein X is any aming acid, such as a natural og€urring amino acid.

45, The variant according to claim 44, wherein thefAariant comprises a mutation in
at least two amino acid residues selected from tffose corresponding to
E345R/Q/N/K/A/C/D/F/G/H/L/L/M/P/S/T/N /W,
E430T/S/G/A/C/O/F/H/T/L/K/M/N/PIQ/R/NVIN/Y, SA40W/Y, and Q386K in the Fc
region of a human IgG1 heavy chain.

46. The variant according to claim #5, wherein the mutation in at least two amino
acid residues are selected from tflose corresponding to E345R/Q/N/K, E430T/5/G,
$S440Y/W, and Q386K in the Fg-region of a human IgG1l heavy chain.

47. The variant according/to any one of the claims 34 to 46, wherein the mutation is
on position(s) other th#n S440 and K447, and wherein the variant further comprises
a mutation

(i) in at least one/&mino acid residue corresponding to K439 or $440 in the Fc-region
of a human Ig@f1 heavy chain, with the proviso that the mutation in $440 is not
5440W or S#40Y;

(ii} in g¥ least one amino acid residue corresponding to K447D/E or corresponding to

K44 gK/R/H and 448P in the Fc region of @ human IgG1 heavy chain; or

(iij}) in at least one amino acid residue corresponding to K447D/E or corresponding to
447K/R/H and 448K/R/H and 449P in the Fc region of a human IgG1 heavy chain.

164



WO 2013/004842 PCT/EP2012/063339

48. The variant according to claim 47, wherein the mutation is on position(s) other
than 5440, and wherein the variant further comprises a mutation in at least one
amino acid residue corresponding to K439 or 5440 in the Fc-region of a human/IgG1
heavy chain, with the proviso that the mutation in $440 is not S440W or S440Y.

49, A variant of a parent polypeptide comprising an Fc-domain of an i uneoglobulin
and a binding region, wherein the variant comprises a mutation in ay/least one amino
acid residues selected from the group of

(a) an amino acid residue within the CH2-CH3 region prgiding allosteric
mutations,

(b) an amino acid residue within the hydrophobic kgfobs of the CH2-CH3
region,

(c) an amino acid residue within the N-termingd CH3 helix,

(d) an amino acid residue within the C-termynal CH3 beta-strand, with the
proviso that it does not comprise a mutation cogfesponding to 5440 in the Fe-region
of a human IgG1 heavy chain, and

(e) an amino acid residue corresponding to E345, E382 or Q386 in the Fc-
region of a human IgG1 heavy chain, a

wherein the variant comprises A further mutation
(D) in at least one aming acid residy£ corresponding to K439 or 5440 in the Fe-region
of a human IgG1l heavy chain, wi{h the proviso that the mutation in 5440 is not
5440W or 5440Y;

(ii) in at least one amino agd residue corresponding to K447D/E or corresponding to
K447K/R/H and 448P in ffie Fc region of a human IgG1 heavy chain; or

(iif) in at least one amjfio acid residue corresponding to K447D/E or corresponding to
K447K/R/H and 448X/R/H and 449P in the Fc region of a human IgG1 heavy chain.

50. The varignt according to claim 49 of a parent antibody comprising an antigen-

binding redion and a Fc-domain of an immunoglobulin, wherein the variant

compriges a mutation in at least one amino acid residues selected from the group of
(a) an amino acid residue within the CH2-CH3 region providing allosteric
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{b) an amino acid residue within the hydrophobic knobs of the CH2-CH3
region,

{c) an amino acid residue within the N-terminal CH3 helix,

{d) an amino acid residue within the C-terminal CH3 beta-strand, with
proviso that it does not comprise a mutation corresponding to 5440 in the F,
_of a human IgG1 heavy chain, and

(e) an amino acid residue corresponding to E345, E382 or Q386/4An the Fc-
region of a human IgG1 heavy chain, and

wherein the variant comprises a further mutation
(i) in at [east one amino acid residue corresponding to K439 or %440 in the Fc-region
of a human IgG1 heavy chain, with the proviso that the mutgtion in S440 is not
S440W or 5440Y,
(ii) in at least one amino acid residue corresponding to )(447D/E or corresponding to
K447K/R/H and 448P in the Fc region of a human Ig
(iii) in at least one amino acid residue correspondi
K447K/R/H and 448K/R/H and 449F in the Fcr

heavy chain; or

to K447D/E or corresponding to
ion of a human IgG1 heavy chain.
51. The variant according to claim 49 or 50/ wherein the variant comprises an amino
acid mutation in both of the positions cofresponding to K439 and 5440 in the Fc-
region of an IgG1 heavy chain, with tjfe proviso that the mutation in $440 is not
5440Y or S440W.

52. The variant according tc gy one of the claims 47 to 51, wherein the mutation in
the position corresponding 6 K439 in the Fc-region of human IgG1 heavy chain is

K439D/E, and/or the muption in the position corresponding to $440 in the Fc-region

K439D/E, and/or the mutation in the position corresponding to 5440 in the Fc-region
f human IgG1 heavy chain is S440K/H/R;
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(i) in at least one amino acid residue corresponding to K447D/E or corresponding to
K447K/R/H and 448P in the Fc region of a human IgG1 heavy chain; or
(iii) in at least one aming acid residue corresponding to K447D/E or corresponding to

corresponding to K439 and 5440 in the Fc-region of a human IgG¥ heavy chain, with
the proviso that the mutation in S440 is not S440Y or S440W, $fich as wherein the
mutation in the position corresponding to K439 in the Fc-regjpn of human 1gG1
heavy chain is K439D/E, and/or the mutation in the positigh corresponding to $440
in the Fe-region of human IgG1 heavy chain is 440K/

55. The variant according to any one of the claims /4 to 54, wherein the variant is

selected from a monospecific antibody, bispecifig’antibody or multispecific antibody.

56. The variant according to claim 55 whiclfis a bispecific antibody comprising a first
polypeptide comprising a first CH2-CH3 pégion of an immunoglobulin and a first
antigen-binding region, and a second folypeptide comprising a second CH2-CH3
region of an immunoglobulin and agecond antigen-binding region, wherein the first
and second antigen-binding regighis bind different epitopes on the same antigen or
on different antigens, and whefein

the first and second gH2-CH3 region each comprises a first mutation in at
least one amino acid resiglue selected from those corresponding to E345, E430,
5440, Q386, P247, 1256, S254, Q311, D/E356, T359, E382, Y436, and K447 in the
Fc-region of a humapl IgG1 heavy chain, with the proviso that the mutation in $440
is 5440Y or 5440

regigh of a human IgG1l heavy chain; and
the second polypeptide comprises a further mutation in an amino acid residue
elected from those corresponding to F405, T366, L368, K370, D399, Y407 and K409
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in the Fc-region of @ human IgG1 heavy chain, and wherein the said further mutation
in the first polypeptide is different from the said further mutation in the second
polypeptide.

conjugated to a drug, toxin or radiolabel, such as wherein the variant is ggnjugated

to a toxin via a linker.

59. The variant according to any one of the claims 34 to 57, wherfin said variant is
part of a fusion protein.

60. The variant according to any one of the claims 34 to 5#, wherein the variantis a
human I1gG1, IgG2, 1gG3, 1gG4, IgAl, IgA2, IgD or IgEAntibody, optionally a human
full-length antibody, such as a human full-length IgGZ antibody.

61. A compeosition comprising a first variant of g/parent polypeptide and a second
variant of a parent polypeptide, wherein the fst variant comprises a first Fc-domain
of an immunogiobulin and a binding region/wherein the second variant comprises a
second Fc-domain of an immuneglobulin/and a binding region, and wherein

(i) said first variant comprises a mutafion in the position corresponding to K439 in
the Fc-region of a human IgG1 heaffy chain, and said second variant comprises a
mutation in the position correspofiding to 5440 in the Fc-region of a human IgG1
heavy chain, with the proviso Jhat the mutation in 5440 is not S440Y or S440W,

(i) said first variant compriges a mutation in the position corresponding to K447D/E
in the Fc region of 2 hum#n IgG1 heavy chain; and said second variant comprises a
mutation in the positigh corresponding to K447K/R/H and 448P in the Fc-region of a
human IgG1 heavy #Zhain, or

(iii) said first varignt comprises a mutation in the position corresponding to K447D/E
in the Fc regioffof a human IgG1l heavy chain; and said second variant comprises a
mutation in ghe position corresponding to K447K/R/H, 448K/R/H and 449P in the Fc-
region of A human IgG1 heavy chain.

62. Phe composition according to claim 61 comprising a first variant of a parent

apfibody and a second variant of a parent antibody, wherein the first variant
omprises a first Fc-domain of an immunoglobulin and an antigen-binding region,
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wherein the second variant comprises a second Fc-domain of an immunoglobulin and
an antigen-binding region, and wherein

(i) said first variant comprises a mutation in the position corresponding to K439 i
the Fc-region of a human IgG1 heavy chain, and said second variant comprisega
mutation in the position corresponding to 5440 in the Fe-region of a humanfgG1
heavy chain, with the proviso that the mutation in 5440 is not $440Y or $A440W,

(ii) said first variant comprises a mutation in the position corresponding’to K447D/E
in the Fc region of a human IgG1 heavy chain; and said second varight comprises a
mutation in the position corresponding to K447K/R/H and 448P infhe Fc-region of a
human IgG1 heavy chain, or

(iii) said first variant comprises a mutation in the position copfesponding to K447D/E
in the Fc region of @ human IgG1l heavy chain; and said sg€ond variant comprises a
mutation in the position corresponding to K447K/R/H, 4A8K/R/H and 449P in the Fc-
region of @ human IgG1 heavy chain.

63. The composition according to claim 62 compfising a first variant of a parent
antibody and a second variant of a parent anjhody, wherein the first variant
comprises a first Fc-domain of an immunogfobulin and an antigen-binding region,
wherein the second variant comprises a fecond Fc-domain of an immunoglobulin and
an antigen-binding region, and wherej said first variant comprises a mutation in the
position corresponding to K439 in the Fc-region of a human IgG1 heavy chain, and
wherein the second variant comgfises a mutation in the position corresponding to
S440, with the proviso that thg mutation in 5440 is not $440Y or S440W,

64. The compaosition accgfding to claim 63, wherein the first variant comprises a first
Fc-domain of an immu/ioglobulin and an antigen-binding region, wherein said first
variant comprises {iJf a first mutation in at least one amino acid residue other than a
mutation in K439/4elected from the group of

{a) an ino acid residue within the CH2-CH3 region providing allosteric
mutations,

{bYan amino acid residue within the hydrophobic knobs of the CH2-CH3
region,

(¢) an amino acid residue within the N-terminal CH3 helix,

169




WO 2013/004842 PCT/EP2012/063339

{d) an amino acid residue within the C-terminal CH3 beta-strand, with the
proviso that in case of a mutation corresponding to S440 in the Fc-region of & hum
IgG1 heavy chain the mutation is 5440Y or S440W, and

{e) an amino acid residue corresponding to E345, E382 or Q386 in the pc-
region of a human IgG1 heavy chain, and

{ii) a second mutation in the position corresponding to K439 in theffc-region
of a human IgG1l heavy chain; and
wherein the second variant comprises a second Fc-domain of an imrgunoglobulin and
an antigen-binding region, wherein said second variant comprises/i) a first mutation
in at least one amino acid residue other than a mutation in S448 selected from the
group of

(@) an amino acid residue within the CH2-CH3 regigh providing allosteric
mutations,

(b) an amino acid residue within the hydrophghic knobs of the CH2-CH3
region,

(c) an amino acid residue within the N-te/minal CH3 helix,

(d) an amino acid residue within the erminal CH3 beta-strand, and

(e) an amino acid residue correspopfiing to E345, E382 or Q386 in the Fe-
region of a human IgG1 heavy chain, a

(ii) a second mutation in the pg#fsition corresponding to 5440 in the Fc region
of an IgG1 heavy chain, with the ppbviso that the mutation in $S440 is not S440Y or
S440W.

65. A composition according’to claim 63, wherein the first variant comprises (i) a
first mutation in at least #he amino acid residue other than a mutation in K439
selected from the groy# of

(a) an aming/acid residue within the CH2-CH3 region providing allosteric
mutations,

(b) an ino acid residue within the hydrophobic knobs of the CH2-CH3
region,

{cyYan amino acid residue within the N-terminal CH3 helix,

d) an amino acid residue within the C-terminal CH3 beta-strand, with the
provjo that in case of a mutation corresponding to $440 in the Fc-region of a human
1 heavy chain the mutation is 5440Y or S440W, and
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(e) an amino acid residue corresponding to E345, E382 or Q386 in the Fc-
region of a human IgG1l heavy chain, and

(i) a second mutation in the position corresponding to K439 in the Fc-regj
of @ human IgG1 heavy chain, and
wherein the second variant comprises a mutation in the position correspondjig to
5440 in the Fc-region of a human IgG1 heavy chain, which is not is not S#Z40Y or
S440W.

66. A composition according to claim 63, wherein the first variant fomprises a
mutaticon in the position corresponding to K439 in the Fc-region/f a human IgG1
heavy chain; and
wherein the second variant comprises a second Fc-domain/f an immunoglobulin and
an antigen-binding region, wherein said second variant gomprises (i) a first mutation
in at least one amino acid residue other than a mutat/on in 5440 selected from the
group of

(a) an amino acid residue within the CH2/CH3 region providing allosteric
mutations,

(b) an amino acid residue within the/hydrophobic knobs of the CH2-CH3
region,

(c) an amino acid residue withjA the N-terminal CH3 helix,

(d) an amino acid residue wihin the C-terminal CH3 beta-strand, and
otresponding to E345, E382 or Q386 in the Fe-

region of a human IgG1 heavy/chain,

(e) an amino acid residu

and (ii) a second myfation in the position corresponding to 5440 in the Fc
region of an IgG1 heavy
S440Y or S440W.

ain, with the proviso that the mutation in S440 is not

Fo/domain of an immunoglobulin and a binding region and a second variant of a
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parent polypeptide comprising an Fc-domain of an immunoglobulin and a binding
region, wherein
the first variant comprises a first Fc-domain of an immunoglobulin and a first
antigen-binding region, wherein the first variant comprises a first mutation in
an amino acid residue selected from the group of

(a) an amino acid residue within the CH2-CH3 region providing all
mutations,

(b) an amino acid residue within the hydrophobic knobs of thg CH2-CH3
region,

(c) an amino acid residue within the N-terminal CH3 helj

(d) an amino acid residue within the C-terminal CH3 btta-strand, with the
proviso that in case of a mutation corresponding to $440C A the Fc-region of a human
IgG1 heavy chain the mutation is S440Y or S440W, an

{e) an amino acid residue corresponding to E345, E382 or Q386 in the Fc-
region of a human IgG1 heavy chain, and wherein
the second variant does not comprise a mutatiopf in an amino acid residue selected
from the group of

{@) an amino acid residue within thg/CH2-CH3 region providing allosteric
mutations,

{b) an amino acid residue withi the hydrophobic knobs of the CH2-CH3
region,

{c) an amino acid residueAvithin the N-terminal CH3 helix,
e within the C-terminal CH3 beta-strand, with the
proviso that in case of a mylation corresponding to 5440 in the Fc-region of a human
IgG1 heavy chain the my¥ation is $440Y or S440W, and

e corresponding to E345, E382 or Q386 in the Fc-region of a

{d) an amino acid resi

(e) an amino acid resi

human IgG1 heavy ghain.

(a) an amino acid residue within the CH2-CH3 region providing allosteric

utations,
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{(b) an amino acid residue within the hydrophobic knobs of the CH2-CH3
region,

{c) an amino acid residue within the N-terminal CH3 helix,

{d) an amino acid residue within the C-terminal CH3 beta-strand, with e
proviso that in case of a mutation corresponding to $440 in the Fc-region of/a human
IgG1 heavy chain the mutation is 5440Y or $440W, and

(e) an amino acid residue corresponding to E345, E382 or Q38&/in the Fc-
region of a human IgG1 heavy chain, and
wherein the second variant comprises a second Fc-domain of an igimunoglobulin and
a second antigen-binding region, wherein said second variant ddes not comprise a
mutation in an amino acid residue selected from the group o

(a) an amino acid residue within the CH2-CH3 regigh providing allosteric
mutations,

{b) an amino acid residue within the hydrophgbic knobs of the CH2-CH3
region,

{c) an amino acid residue within the N-tefminal CH3 helix,

{d) an amino acid residue within the G/terminal CH3 beta-strand, with the
proviso that in case of a mutation correspg/fding to $440 in the Fc-region of a human
IgG1 heavy chain the mutation is $440Y/or S440W, and
{e) an amino acid residue correspondjig to E345, E382 or Q386 in the Fc-region of a

human IgG1l heavy chain.

70. The composition according/to any one of the claims 61 to 67, wherein the first

and second variant comprisg a mutation in at least one amino acid residue selected
from those corresponding/to E345, E430, Q386, P247, 1253, $254, Q311, D/E356,

T359, E382, Y436, ang/K447 in the Fc-region of a human IgG1 heavy chain.

71. The compositibn according to claim 70, wherein the mutation in the first and

second varianty are different.

72. Thg/composition according to claim 68 or 69, wherein the first variant comprises
a myfation in at least one amino acid residue selected from those corresponding to
E3A5, E430, 5440, Q386, P247, 1253, 5254, Q311, D/E356, T359, E382, Y436, and
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K447 in the Fc-region of a human IgG1 heavy chain, with the proviso that the
mutation in $440 is S440Y or S440W.

73. The compaosition according to any one of the claims 61 to 72, wherein the Arst
variant and second variant is each a human I1gG1, 1gG2, IgG3, IgG4, IgAl, JoA2, IgD
or IgE antibody, optionally each a human full-length antibody, such as egfh a human
full-length IgG1 antibody.

74. The composition according to any one of the claims 61 to 73, Avherein the first
variant and second variant is selected from a monospecific antjpody, bispecific

antibody or multispecific antibody.

75. The composition according to any one of the claimg/bl to 74, wherein the first
and the second variant bind different epitopes on thg/same antigen or on different

antigens.

76. The composition according to any one of fhe claims 61 to 75, wherein one or
both of the first variant and second varianyis conjugated to a drug, toxin or
radiolabel, such as wherein one or both Af the first variant and second variant is

conjugated to a toxin via a linker.

77. The composition according tgf any one of the claims 61 to 75, wherein one or
both of the first variant and sgond variant is part of a fusion protein.

78. A composition comppfsing the variant according to any one of the claims 34 to 60
or the composition acgbrding to any one of the claims 61 to 77 and a

pharmaceutically agfeptable carrier.

79. A kit-of-pg#fts comprising a first variant and a second variant as defined in any

one of the ghims 34 to 60 for simultaneous, separate or sequential use in therapy.

80. Th¢f variant, composition or kit-of-parts according to any one of the claims 34 to

79 fgh treatment of a disease, such as cancer,
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81. The use of the variant, the composition or the kit-of-parts according to any oneg of
the claims 34 to 79 in the manufacture of a medicament for the treatment of a human,

82. The use of the variant, the composition or the kit-of-parts according to any oneff
the claims 34 to 79 in the manufacture of a medicament for the treatment of canfer in a




CLAIMS

1. A method of increasing an effector function of a parent polypeptide comprising an Fe-
domain of an immunoglobulin and a binding region, which method comprises introducing a
mutation to the parent polypeptide in the amino acid residue corresponding to E345K, in the

Fc-region of a human IgG1 heavy chain.

2. The method according to claim 1 of increasing an effector function of a parent antibody,
comprising introducing a mutation to the parent antibody in the amino acid residue

corresponding to E345K in the Fc-region of a human IgG1 heavy chain,.

3. The method according to claim 2, wherein the parent antibody is a monospecific, bispecific

or multispecific antibody.

4, The method according to claim 3, wherein the parent antibody is a bispecific antibody which
comprises a first polypeptide comprising a first CH2-CH3 region of an immunoglobulin and a
first antigen-binding region, and a second polypeptide comprising a second CH2-CH3 region of
an immunoglobulin and a second antigen-binding region, wherein the first and second antigen-
binding regions bind different epitopes on the same antigen or on different antigens, and
wherein said first CH2-CH3 region comprises a further aminc acid substitution at a position
selected from those corresponding to K409, T366, L368, K370, D399, F405, and Y407 in the
Fc-region of a human IgG1 heavy chain; and wherein said second CH2-CH3 region comprises a
further amino acid substitution at a position selected from those corresponding to F405, T366,
L368, K370, D399, Y407, and K409 in the Fc-region of a human IgG1 heavy chain, and
wherein said further amino acid substitution in the first CH2-CH3 region is different from the

said further amino acid substitution in the second CH2-CH3 region.

5. The method according to claim 3 or 4, wherein the parent antibody is a bispecific antibody
and comprises a first polypeptide and a second polypeptide, wherein said first polypeptide
comprises a first CH2-CH3 region of an immunoglobulin and a first antigen-binding region, and
said second polypeptide comprises a second CH2-CH3 region of an immunoglobulin and a
second antigen-binding region, wherein the first and second antigen-binding regions bind
different epitopes on the same antigen or on different antigens, said method comprising
introducing to each of the first and second CH2-CH3 region a mutation in the amino acid

residue corresponding to E345K in the Fe-region of a human IgG1 heavy chain.
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6. A method according to any one of the claims 1 to 5, said method comprises introducing

further introducing a mutation

(i} in each of the amino acid residues corresponding to K439 and S440 in the Fc-region of a
human IgG1 heavy chain, with the proviso that the mutation in S440 is not S440Y or S440W,
(ii) in each of the amino acid residues corresponding to K447 and 448 in the Fc-region of a
human IgG1 heavy chain, such as K447K/R/H and 448E/D in the Fc-region of a human IgG1
heavy chain, preferably K447K and 448E in the Fc-region of a human IgG1 heavy chain, or
(iii} in each of the amino acid residues corresponding to K447, 448 and 449 in the Fc-region of
a human IgG1 heavy chain, such as K447D/E, 448K/R/H and 449P in the Fc-region of a human
IgG1 heavy chain, preferably K447E, 448K and 449P in the Fc-region of a human IgG1 heavy

chain.

7. The method according to claim 6, said method further introducing a mutation in each of the
amino acid residues corresponding to K439 and $S440 in the Fc-region of a human IgG1 heavy
chain, with the proviso that the mutation in $440 is not $440Y or 5440w,

8. The method according to claim 7, wherein the mutation in the position corresponding to
K439 in the Fc-region of human IgG1 heavy chain is K439D/E, and/or the mutation in the
position corresponding to 5440 in the Fc-region of human IgG1l heavy chain is S440K/H/R.

9. The method according to any one of the claims 1 to 5, comprising introducing to the parent
antibody a mutation in at least one further amino acid residues selected from those
corresponding to, E430, 5440, Q386, P247, 1253, S254, Q311, D/E356, T359, E382, Y436,
and K447 in the Fc region of a human IgG1 heavy chain, with the proviso that the mutation in
5440 is 5440Y or S440W.

10. The method according to claim 9, comprising introducing to the parent antibody a mutation
in at least one further amino acid residues selected from those corresponding to E430, Q386,
and S440 in the Fc-region of a human IgG1 heavy chain, with the proviso that the mutation in
5440 is 5440Y or S440W, such as wherein the mutation in the at least one further amino acids
are selected from the following: E430to T, S, or G, S440 to Y or W, or Q386 to K.

11. The method according te any one of the claims 1 to 10, wherein the effector function is an

Fc-mediated effector function selected from an Fe-mediated effector function selected from
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Clg-binding, complement activation, complement dependent cytotoxicity (CDC), antibody-
dependent cell-mediated cytotoxity (ADCC), FcRn-binding, Fc-receptor binding including Fc-
gamma receptor-binding, Protein A-binding, Protein G-binding, antibody-dependent cellular
phagocytosis (ADCP), complement-dependent cellular cytotoxicity (CDCC), complement-
enhanced cytotoxicity , opsonisation, Fc-containing polypeptide internalization, target
downmodulation, ADC uptake, induction of apoptosis, cell death, cell cycle arrest, and any

combination thereof.

12. The method according to any one of the claims 1 to 11, wherein the effector function is

increased when the antibody is bound to its antigen.

13. The method according to claim 12, wherein the antigen is on an antigen-expressing cell,

cell membrane, or virion.

14. A method of inducing an effector response, against a cell, cell membrane, or virion
expressing a target to which a parent polypeptide comprising an Fc-domain of an
immuncglobulin and a binding region binds, comprising

(i) providing a parent polypeptide which has been mutated according to any one of the
claims 1 to 11; and

(ii) contacting a preparation of the mutated parent polypeptide of step (i) with the cell,
cell membrane, or virion expressing an antigen in the presence of human complement or an

effector cell.

15. The method according to claim 14 of inducing an effector response, against a cell, cell
membrane, or virion expressing an antigen to which a parent antibody binds, comprising

(i} providing a parent antibody which has been mutated according to any one of the
claims 1 to 11; and

(ii) contacting a preparation of the mutated parent antibody of step (I) with the cell, cell
membrane, or virion expressing an antigen in the presence of human complement or an

effector cell.

16. The method according to claim 14 or 15, wherein the effector response is complement
dependent cytotoxicity (CDC), an Fc-mediated effector response selected from an Fc-mediated
effector response selected from C1qg-binding, complement activation, complement dependent
cytotoxicity (CDC), antibody-dependent cell-mediated cytotoxity (ADCC), FcRn-binding, Fc-
receptor binding including Fc-gamma recepter-binding, Protein A-binding, Protein G-binding,

antibody-dependent cellular phagocytosis (ADCP), complement-dependent cellular cytotoxicity
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(CDCC), complement-enhanced cytotoxicity , opsonisation, Fc-containing polypeptide
internalization, target downmeodulation, ADC uptake, induction of apoptosis, cell death, cell

cycle arrest, and any combination thereof.

17. The method according to any one of the claims 1 to 16, wherein the parent is a human
IgG1, IgG2, 19G3, 1gG4, IgAl, IgA2, IgD or IgE, optionally a human full-length antibody, such
as a human full-length IgG1 antibody.

18. A variant of a parent poiypeptide comprising an Fc-domain of an immunoglobuiin and a
binding region, wherein the variant comprises a mutation in the amino acid residue

corresponding to E345K, in the Fc-region of a human IgG1 heavy chain.

19. The variant according to claim 18 of a parent antibody comprising an antigen-binding
region and a Fc-domain, wherein the variant comprises a mutation in the amino acid residue

corresponding to E345K, in the Fe-region of a human IgG1 heavy chain.

20. A variant of a parent polypeptide comprising an Fc-domain of an immunoglobulin and a
binding region, wherein the variant comprises a mutation corresponding to E345K in the Fc-
region of human IgG1 heavy chain and at least one further amino acid residue selected from
those corresponding to E430, 5440, Q386, P247, 1253, S254, Q311, D/E356, T359, E382,
Y436, and K447 in the Fc-region of a human IgG1 heavy chain, with the proviso that the
mutation in 5440 is 5440Y or S440W.

21. The variant according to claim 20, wherein the variant comprises a mutation corresponding
to E345K in the Fc-region of human IgG1 heavy chain and in at least one further amino acid

residue selected from those corresponding to E430X, S440W/Y, Q386K, P247G, 1253V, S254L,
Q311L/w, D/E356R, E382V, and Y4361 in the Fc region of a human IgG1 heavy chain, wherein

X is any amino acid, such as a natural occurring amino acid.
22. The variant according to claim 21, wherein the variant comprises a mutation corresponding

to E345K in the Fe-region of human IgG1 heavy chain and in at least one further amino acid
residue selected from the group of corresponding to those of E430X, S440W/Y, and Q386K in
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the Fc-region of a human IgG1 heavy chain, wherein X is any amino acid, such as a natural

occurring amino acid.

23. The variant according to claim 22, wherein the variant comprises a mutation corresponding
to E345K in the Fc-region of human IgG1 heavy chain and in at least one further amino acid
residue selected from those corresponding to E430T/S/G/A/C/D/F/H/T/LIK/M/N/P/Q/R/V/W/Y,
S440W/Y, and Q386K in the Fc region of a human IgG1 heavy chain.

24, The variant according to claim 23, wherein the mutation corresponding to E345K in the Fc-
region og human IgG1 heavy chain and in at least one further amino acid residue selected
from those corresponding to E430T/S/G, S440Y/W, and Q386K in the Fc-region of a human
I1gG1 heavy chain,

25. The variant according to any one of the claims 18 to 24, wherein the at least one further
mutation is in position(s) other than S440 and K447, and wherein the variant further
comprises a mutation

(i) in at least one amino acid residue corresponding to K439 or S440 in the Fc-region of a
human IgGl heavy chain, with the proviso that the mutation in S440 is not S440W or S440Y;

(i1) In at least one amino acid residue corresponding to K447D/E or corresponding to
K447K/R/H and 448P in the Fc region of a human IgG1 heavy chain; or

(iii) in at least one amino acid residue corresponding to K447D/E or corresponding to
K447K/R/H and 448K/R/H and 449P in the Fc region of a human IgG1 heavy chain.

26. The variant according to claim 25, wherein the at least one further mutation is in
position(s) other than S440, and wherein the variant further comprises a mutation in at least
one amino acid residue corresponding to K439 or S440 in the Fc-region of a human IgG1
heavy chain, with the proviso that the mutation in S440 is not S440W or S440Y.

27. The variant according to any one of the claims 25 to 26, wherein the mutation in the
position corresponding to K439 in the Fc-region of human IgG1 heavy chain is K439D/E,
and/or the mutation in the position corresponding to S440 in the Fc-region of human IgGi1
heavy chain is S440K/H/R,

157



28. The variant according to any one of the claims 18 to 27, wherein said variant is conjugated

to a drug, toxin or radiolabel, such as wherein the variant is conjugated to a toxin via a linker.

29. The variant according tc any one of the claims 18 to 27, wherein said variant is part of a

fusion protein.
30. The variant according to any one of the claims 18 to 29, wherein the variant is a human

1gG1, 1gG2, 1aG3, IgG4, IgAl, IgA2, IgD or IgE antibody, optionally a human full-length
antibody, such as a human full-length IgG1 antibody.

31. A composition comprising the variant according to any one of the claims 18 to 30 and a

pharmaceutically acceptable carrier.

32, A kit-of-parts comprising a first variant and a second variant as defined in any one of the

claims 18 to 30 for simultaneous, separate or sequential use in therapy.

33. The variant, compaosition or kit-of-parts according to any one of the claims 18 to 32 for use

in the treatment of a disease, such as cancer.

34. The use of the variant, the composition or the kit-of-parts according to any one of the

claims 18 to 32 in the manufacture of a medicament for the treatment of a human.

35. The use of the variant, the composition or the kit-of-parts according to any one of the

claims 18 to 32 in the manufacture of a medicament for the treatment of cancer in a human.
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