WO 2014/006217 PCT/EP2013/064330

CLAIMS

1. A dimeric protein comprising a first and a second polypeptide, each polypeptide compplsing
at least Cy2 and Cy3 regions of an immunoglobulin heavy chain, wherein in said first/and/or
second polypeptide

the amino acids in the positions corresponding to E345 and E430 in a iuman IgG1
heavy chain are not E, and

the amino acid in at least one position selected from the group cgfisisting of $440,
¥436, D/E356, T359, E382, N434, Q438, 1253 and 5254 is Y, K, Ror W; n
T; not E; not N; not Q; not I; and not S, for each position, respectively.

Y; not D or E; not

2. The dimeric protein of claim 1, wherein, for one or both polypeptifles, the amino acid at the
position corresponding to E345 is selected from the group consisiing of R, K, Q, N, Y, A, C, D,
F, G HILLMPST,Vand W, such as from the group consigling of R, K, Q, N, and Y.
3. The dimeric protein of any one of the preceding ALleims, wherein, for one or both
polypeptides, the amino acld at the position correspondifig to E430 is selected from the group
consisting of G, S, T, F, M, A, C, D, I, K, L, M, N, P,

consisting of G, 5, T, F and H.

" R, V, W and Y, such as from the group

4. The dimeric protein of any one of the/preceding claims, wherein, for one or both
polypeptides the amino acid in at least ope position selected from the group consisting of
S440, Y436, D/E356, T359, E382, N434,/0438, 1253 and 5254 is Y or W; not Y; not D or E;
not T; not E; not N; not Q; not I; and/mot S, for each position, respectively, in particular the
amino acid in the position correspongfng to S440 is Y or W,

5. The dimeric protein of any oné of the preceding claims wherein, the amino acid in a position
selected from the group consjsting of Y436, D/E356, T359, E382, N434, Q438, 1253 and 5254
is, in one or both polypeptides,

(@I, N,Q,S, T,RA EA& H K L MorV,suchasI, N, Q, orS;

(b)R,G, T, LLMKAHS VY QN W,FA orC;

(ML G/IorV,
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for each position, respectively.

6. The dimeric protein of any one of the preceding claims, wherein in one or both polypepfides,
the amino acids in the positions corresponding to E345, E430 and 5440 are R, G/and Y,
respectively; or aiternatively K, G and Y, respectively; or alternatively R, S and ¥, regpectively;
or alternatively R, G and W, respectively; or alternatively R, G, and K, resgectively; or
alternatively the amino acids in the positions corresponding to E345, E430 and/Y436 are R, G

and I, respectively.

7. The dimeric protein of any one of the preceding claims, wherein safd first and/or second
polypeptide further comprises a region capable of covalent binding/between said first and

second polypeptide.

8. The dimeric protein of any one of the preceding claims, whepéin said first and/or said second

polypeptide further comprises a hinge region of an immunoglbbulin heavy chain.

9. The dimeric protein of any one of claims 7 or 8, whetein said first and second poiypeptides

are interconnected via hinge region disulphide bonds
10. The dimeric protein of any one of the pfeceding claims, wherein the isotype of the
immunogiobulin heavy chain is selected from Ahe group consisting of IgG1, 1gG2, 1gG3, 1gG4,

IgAl, IgA2, IgD, IgE and IgM.

11. The dimeric protein of any one of the preceding claims, wherein the immunoglobulin heavy

chain is of primate or murine origin, Auch as human.

12. The dimeric protein of an¥ one of the preceding claims, wherein at least one of the

polypeptides comprises a binding region that specifically binds to a target.

13. The dimeric proteir of claim 12, wherein each polypeptide comprises a binding region

specifically binding to/ target, optionally the same target,
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16. The dimeric protein of any one of the preceding claims, which is an antibody.

17. The dimeric protein of claim 16, wherein each of the first and second polypeptides
comprises immunoglobulin heavy and light chain variable regions to form a first ang’a second

antigen-binding region, optionally binding the same antigen,

18. The dimeric protein of claim 16, wherein each of the first and secoénd polypeptides
comprises an immunoglobulin heavy-chain vartable region associated with/an immunoglobulin
light chain sequence comprising light chain variable and constant regiong to form a first and a

second antigen-binding region, optionally binding the same antigen.

19. The dimeric protein of any one of claims 16 to 18, whergin one or both polypeptides
comprise a full-length heavy chain constant region, such as g full-length human IgG1l heavy
chain constant region.

20. The dimeric protein of any one of the preceding clajms, wherein in said first and/or second
polypeptide the amino acid in the position corresponding to K439 is not K.

21. The dimeric protein of claim 20, wherein th& amino acid in the position corresponding to
K439 is Eor D, such as E.

22. The dimeric protein according to claifm 21, wherein in one or both polypeptides, e.g. each
polypeptide, the amino acids in the pogitions corresponding to E345, E430, K439 and $440 are

R, G, E and Y, respectively.

23, The dimeric protein accordihg to any of the preceding claims, wherein in said first and/or
second polypeptide the aming acid in the position corresponding to 5440 is K or R.

24. The dimeric protein/according to claim 23, wherein in one or both polypeptides, e.g. each
polypeptide, the aminb acids in the positions corresponding to E345, E430 and 5440 are R, G,

and K, respectively,

25. The dimeriC protein of any one of the preceding claims, wherein in said first and/or second
polypeptide/at least one amino acid in a position selected from the group consisting of Y436,
E356, T389, E382, N434, Q438, 1253 and 5254 is not Y; not D or E; not T; not E; not N; not
Q; no#' I; and not S, for each position, respectively, and the amino acid in the position
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corresponding to S440 is not S, Y or W, optionally the amino acid in the position corresponding
to 5440 is K or R,

26. The dimeric protein according to claim 25, wherein in one or both polypeptides, e.g. each
polypeptide, the amino acids In the positions corresponding to E345, E430, Y436 and $440,
are R, G, I and K.

27. The dimeric protein of any one of the preceding claims, wherein in said firgt and/or second
polypeptide the amino acid residue in the position corresponding to K447 is,® or E.

28. The dimeric protein of any one of claims 1 to 25, wherein in zaid first and/or second
polypeptide he amino acid residue in the position corresponding to K447 is K, R or H and the
polypeptide(s) comprise

(a) an amino acld residue in position 448 which is P; or

(b) an amino acid residue in position 448 which is K, R H and an amino acid residue in

position 449 which is P.

29. The dimeric protein of any one of the preceding cjaims, wherein in said first and/or second

polypeptide the amino acid in the position correspopding to Q386 is K.

30. The dimeric protein of any one of the pregéding claims, wherein the amino acid in at least
one position corresponding to L234, 1235, (236, G237, 5239, P238, T250, M252, 1253, 5254,
R255, T256, D265, S267, H268, D270, F272, N286, K288, N297, V303, V305, T307, V308,
L309, H310, Q311, D312, K317, K322, 5324, P329, P331, 1332 K340, D356, K360, Q362,
D376, A378, E380, E382, G385, 0386, P387, E388, N389, 5400, D413, S415, 5424, M428,
H433, N434, H435, Y436, K439 oy K447 in a human IgG1 heavy chain is not L; not L; not G;
not G; not S; not P; not T; notM; not I; not S; not R; not T; not D; not 5; not H; not D; not
E; not N; not K; not N; not WV, not V; not T; not V; not L; not H; not ; not D; not K; not K;
not S; not P; not P; not I; Aot K; not D; not K; not Q; not D; not A; not E; not E; not G; not
Q; not P; not E; not N; ot S; not D; not S; not S; not M; not H; not N; not H; not Y; and not

K, respectively.

31. The dimeric/ protein of any cne of the preceding claims, comprising a drug, toxin,
radiolabel, radjbopaque agent, paramagnetic agent, fluorescent agent, phosphorescent agent,
ultrasound enhancing agent or polyethyleneglycol (PEG), optionally conjugated to at least one

of the polypeptides via a linker.
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32. The dimeric protein of any one of the preceding claims, which is a homodimer.

33. The dimeric protein of any of claims 1-31, which is a heterodimer.

34. The dimeric protein of claim 33, wherein said first and second polypeptide each/com prise
a CH2, CH3 and hinge regions of an immunoglobulin heavy chain, and wherein

the amino acid in a position selected from K409, T366, L368, K370, D399, F405,
and Y407 is not K, T, L, K, D, F and Y, respectively, in the first polypeptide, a

the amino acid in a position selected from F405, T366, L368, K370, D399, Y407,
and K409 is not F, T, L, K, D, Y and K, respectively, in the second polypepfide.

35. The dimeric protein of claim 34, wherein
the amino acid in position K409 is R in the first polypgptide, and

the amino acid in position F405 is L in the second pblypeptide.

36. The dimeric protein of any one of the preceding £Llaims, which is predominantly in

oligomeric form, such as hexameric form, in a phosphate’buffer at a pH of about 6.8.

37. The dimeric protein of any one of claims 1 to/35, which is predominantly in monomeric

form at a pH of less than 6.0, such as about 5.0.

38. An oligomer comprising at least two Aon-covalently associated dimeric proteins, each

according to any one of the preceding claipms.

39. A hexamer comprising six non-gOvalently associated dimeric proteins, each according to

any one of claims 1 to 37.

40. The hexamer of claim 39, &vherein at least one, such as at least two, at least three, at least

four, at least five or six diméric proteins of the hexamer are antibodies.
41. A hexamer compriging six non-covalently associated molecules, at least one of which is a
dimeric protein according to any one of claims 1 to 37 and at least one of which is an antiboady

comprising an Fc domain comprising at least CH2, CH3 and hinge regions.

er of claim 41, wherein the antibody is @ monocilonal or polycional antibody.
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43, A composition comprising the dimeric protein of any one of claims 1 to 37 and/or th
oligomer of claim 38 and/or the hexamer of any one of claims 39 to 42, and/a

pharmaceutically acceptable carrier.

44, A composition comprising the dimeric protein of any one of claims 1 to 37, ong or more
antibodies, and a pharmaceutically acceptable carrier.

45. A composition comprising a first dimeric protein according to any one of £laims 1 to 37, a
second dimeric protein according to any one of claims 1 to 37/and optionally a
pharmaceutically acceptable carrier.

46. The composition of clalm 45, comprising at least one additional dimeric protein according
to any one of claims 1 to 37, such as three or six, or such as fodr, five, seven, eight, nine or

more dimeric proteins.

47. The composition of any of claims 45 and 46, wherein both the first and the second dimeric
proteins comprise first and second polypeptides, wherein in said first and/or second
polypeptides of said first and second dimeric prgfeins the amino acids at the positions
corresponding to E345 and E430 in a human IgGl/heavy chain are not E, and the amino acid
in at feast one position selected from the group/consisting of 5440, Y436, E356, T359, E382,
N434, Q438, 1253 and S254 is Y, K, R or W; wot ¥; not D or E; not T; not E; not N; not Q; not

I; and not S, for each position, respectively,

48. The composition of any one of clgims 45 to 47, wherein in one or both of said first and
second polypeptides of said first and second dimeric protein the amino acids at the positions
corresponding to E345, E430 apd S440 in a human IgGl heavy chain, are R, G and Y,

respectively.

49. The composition of any one of claims 45 to 48, wherein

eric protein comprises first and second polypeptides, wherein in said

first and/or second pélypeptides the amino acid at the position corresponding to K439 is E or

b, and
the/second dimeric protein comprises first and second polypeptides, wherein in

said first and/gr second polypeptides the amino acid at the position corresponding to $440 is K

50. Thg composition of any one of claims 45 to 49, wherein
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the first dimeric protein comprises first and second polypeptides, wherein in said
first and/or second polypeptides the amino acid at the position corresponding to K439 is E 6Or
D, and

the second dimeric protein comprises first and second polypeptides, whefein in
said first and/or second polypeptides the amino acid at the position corresponding to %5440 is K
or R, optionally K, and at least one amino acid in a position selected from the groyp consisting
of Y436, D/E356, T359, E382, N434, Q438, 1253 and $254 is not Y; not D or E/not T; not E;

not N; not Q; not I; and not S, respectively.

51. The composition of claim 49, wherein

in said first and/or second polypeptide of the first dimeric protein the amino acids
at the positions corresponding to E345, E430, K439 and 5440 are B/ G, E and Y, respectively,
and

in said first and/or second polypeptide of the secénd dimeric protein the amino
and 5440 are R, G, K and K,
respectively; or alternatively the amino acids at the positions corresponding to E345, E430,

Y436 and 5440 are R, G, I and K, respectively.

acids at the positions corresponding to E345, E430, K43

52. The composition of any one of claims 45 to 48, #herein

in said first and/or second polypeptide of the first dimeric protein the amino acid
at the position corresponding to K447 is D or Ef and
in said first and/or second polypeptide of the second dimeric protein the amino
acid at the position corresponding to K447 is K, R or H and an amino acid at the position

corresponding to 448 is P,

53. The composition of any one of/claims 45 to 48, wherein

in said first and/or second polypeptide of the first dimeric protein the amino acid
at the position corresponding £o K447 is D or E, and

in said first and/or second polypeptide of the second dimeric protein the amino
acid at the position copfesponding to K447 is K, R or H; an amino acid at the position
corresponding to 448 |5 K, R or H; and an amino acid at the position corresponding to 449 is P.
54, The compo?} n of any one of claims 45 to 53, wherein at teast one of the first and second

dimeric proteins is an antibody.

55. The cgmposition of claim 54, wherein both the first and the second dimeric proteins are

antibodjés.
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56. The composition of claim 55, wherein the first and second antibodies bind to the sayhe

epitope of the same antigen.

57. The composition of claim 56, wherein the first and second antibodies comprise/the same

variable heavy and light chain region sequences.

58. The composition of any one of claims 54 to 55, wherein the first and gecond antibodies

bind to different antigens or to different epitopes on the same antigen.

59. The composition of any one of claims 45 to 58, wherein the phafmaceutically acceptable

carrier is an aqueous buffered sofution.

60. The composition of claim 59, wherein the pH of the aquedus buffered solution is at least
about 6.5, such as from 6.5 to about 9.0, such as from abatt 7.0 to about 8.0, such as about

7.4,
61. The composition of claim 60, comprising a phospHate buffer system.

62. The composition of claim 59, wherein the pH of the aqueous buffered solution is less than
pH 6.5, such as from about 4.0 to 6.4, such ag from about 5.0 to about 6.0.

63. The composition of claim 62, compriSing an acetate, histidine, glycine, citrate, nicotinate,

lactate, and/or succinate buffer syste

64. A method of increasing oliggferization in solution and/or an effector function of a dimeric

protein comprising a first ang’ second polypeptide, each comprising at least CH2 and CH3
regions of an immunoglobulin heavy chain, the method comprising introducing into said first
and/or second polypeptidg, amino acid substitutions in at least the positions corresponding to
E345, E430 and in a position selected from the group consisting of 5440, Y436, D/E356, T359,

E382, N434, Q438, 1253 and 5254 in a human IgG1 heavy chain.

65. The methgd of claim 64, wherein the effector function is complement-dependent

cytotoxicity {ZDC).

66. The rhethod of any one of claims 64 and 65, wherein the amino acid substitutions are in at
least the positions corresponding to £345, E430 and $440 in a human IgG1 heavy chain.
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67. The method of any one of claims 64 to 66, wherein the amino acids substitution in
position corresponding to E345 is selected from the group consisting of 345R, 345Q,

position corresponding to E430 is selected from the group consisting of 438G, 4307, 4308,
430F, 430H, 430A, 430C, 430D, 4301, 430K, 430L, 430M, 430N, 430P, 430Q, 430R, 430V,
430W and 430Y, such as from the group consisting of 430G, 430T, 4305,/430F and 430H.

69. The method of any one of claims 64 to 68, wherein the amifo acid substitution in the
position corresponding to 5440 is 440Y or 440W.

70. The method of any one of claims 64 to 69, wherein the amino acid substitutions in the
positions corresponding to E345, E430 and 5440 are 34
alternatively 345K, 430G and 440Y, respectively; or/alternatively 345R, 4305 and 440y,
respectively; or alternatively 345R, 430G and 440W, yespectively; or alternatively 345R, 430G,

, 430G and 440Y, respectively, or

ino acid substitutions in the positions
430G and 4361, respectively.

and 440K, respectively; or alternatively the
corresponding to E345, E430 and Y436 are 345

71. The method of any one of claims 64 to 70, wherein the isotype of the heavy chain
sequence is selected from the group consisting of 1gG1, IgG2, 1gG3, IgG4, IgAl, IgA2, IgD,
igM and IgE.

72. The method of any one of claighs 64 to 71, wherein the heavy chain is of primate or murine
origin, such as human.
73. The method of any gne of claims 64 to 72, wherein each polypeptide comprises an
immunoglobulin heavy-
sequence comprisin‘g/ight chain variable and constant regions to form a first and a second

antigen-binding region, optionally binding the same antigen.

ain variable region associated with an immunoglobulin light chain

74. The methgd of claim 73, wherein each polypeptide of the dimeric protein comprises a full-

length heavy chain constant region, such as a full-length human IgG1 heavy chain constant

region,
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75. The method of any one of claims 64 to 74, wherein the dimeric protein is an antibody.
76. A variant dimeric protein prepared by the method of any one of ¢laims 64 to 75.

77. A kit-of-parts comprising a first dimeric protein according to any one of claimsA to 37
and a second dimeric protein according to any one of claims 1 to 37 for simyltaneous,

separate or sequential use in imaging, diagnostics or therapy.

78. The dimeric protein, cligomer, hexamer, composition or kit-of-parts/according to any
one of claims 1 to 63, 76, 77 and 79, for use in the treatment of a/disease, such as a
bacterial, viral or parasitic infection, autoimmune disease, cancer/inflammation, and/or

reducing the risk for septic shock caused by a bacterial infection,

79. The dimeric protein, oligomer, hexamer, composition dr kit-of-parts of any one of
claims 1 to 63, 76, 77 and 79, wherein the dimeric profein comprises a binding region
specifically binding to a lipopolysaccharide (LPS), a }fpooligosaccharide (LOS), a delta
endotoxin, Botulinum toxin, Corynebacterium diphtheriae exotoxin, a bacterial
superantigen, a heat-stable enterotoxin, cytglysin, a channel-forming toxin, an

enzymatically active toxin, or a mycotoxin.

80. The dimeric protein, oligomer, hexamer, camposition or kit-of-parts according to any
one of the claims 1 to 63, 76, 77 and 79/ for use in imaging at least a part of the body of

a human or other mammal.

81. A method for imaging of at Jeast a part of the body of a human or other mammal,
camprising administering a difmeric protein, oligomer, hexamer, composition or kit-of-
parts according to any one of the claims 1 to 63, 76, 77 and 79.

82. Use of a dimeric prgtein, oligormner, hexarner, composition or kit-of-parts according to
any one of the claimg'1 to 63, 76, 77 and 79 in the manufacture of a medicament for the
treatment of a bagferial, viral or parasitic infection, for imaging of at least a part of the
body of human gr other mammal, or for modulating clearance of a target molecule from

the body of a iuman or other mammal.

83. Use Af a dimeric protein, oligomer, hexamer, composition, kit-of-parts according to
any ong of the claims 1 to 63, 76, 77 and 79 in the manufacture of a medicament for the
treatment of cancer, auto-immune diseases, organ ftransplant rejections, and Clqg

d¢pletion In the humoral system in a human.
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What is claimed is:

1. An invention not claimed in any divisional application.
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