The reference in this specification to any prior publication {(or information derived

from it), or to any matter which is known, is not, and should not be taken as an

acknowledement or admission or any form of suggestion that that prior publication (or

information derived from it) or known matter forms part of the common general

knowledge in the field of endeavour to which this specification relates.

Throughout this specification and the claims which follow, unless the context requires

otherwise, the word "comprise"”, and variations such as "comprises”" and "comprising".

will be understood to imply the inclusion of a stated integer or step or group of

integers or steps but not the exclusion of any other integer or step or group of integers

or steps.
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Claims:

I. An isolated bivalent antibody or a bivalent fragment thereof to a low density
lipopr\B!&if-related protein 6 (LRPG) that potentiates a Wnt signal by clustering one or

more LRP6 receptors in the presence of an unblocked I.LRP6 binding protein.

2. The isolated bivalent antibody or a bivalent fragment thereof of claim 2, wherein the
antibody clusters one or more LRP6 receptors by binding to a Propeller region selected
from the group ¢onsisting of Propeller 1 and Propeller 3.

3. The isolated bivalent antibody or fragment thereof of claim 2, wherein the LRP6
binding protein is a %nt binding protein selected from the group consisting of Wnt 1,
Wnt 3, and Wnt 3a.

4. Anisolated monovaleﬂtxantibody or monovalent fragment thereof to a low density
lipoprotein—rélated protein %\QLRPQ that avoids potentiation of a Wnt signal by clustering
one or more LRP6 receptors i%xthe presence of an unblocked LRP6 binding protein.

\

5. An isolated antibody or fragment thereof to a low density lipoprotein-related protein 6
(LRPS6) protein, having a dissociation (Kpyofatleast 1 x 10" M, 108 M, 10° M, 10!
Mot Mo M 0B M w];&\gin the antibody or fragment thereof is monovalent
or bivalent. \X
6. The isolated antibody or fragment theréof of claim 5, wherein the antibody or fragment
thereof inhibits a canonical Wnt pathway aé ;{neasured by in vitro binding to human
LRP6 in a Solution Equilibrium Titration assé“y\with a Kp of 0.001nM-1pM, and wherein

the antibody or fragment thereof is monovalent E\Q\r bivalent.

7. An isolated antibody or fragment thereof to a low density lipoprotein-related protein 6
(LRP6) protein that inhibits a phosphorylation of LRP6 as assessed by a Wnt ligand
induced phosphorylation assay, wherein the antibody or fragment thereof is monovalent

or bivalent. \

\
8. An isolated antibody or fragment thereof to a low densitilipoprotein—related protein 6
\

(LRP6) protein that inhibits a canonical Wnt pathway as measured by in vitro binding to
human LRP6 in a Solution Equilibrium Titration (SET) assay with a ECs of less than or

3\
equal to 300 pM, wherein the antibody or fragment thereof is mowalent or bivalent.
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9. A\g antibody or fragment thereof to LRP6 protein, that cross competes with an

antibody described in Table 1, wherein the antibody or fragment thereof is monovalent or

bivalent)

10. An antfbidy or fragment thereof, that binds to the same epitope as an antibody

described in Fable 1, wherein the antibody or fragment thereof is monovalent or bivalent .

11. The antibody\gf claims 1, 4, 9, or 10, wherein said antibody is a monoclonal antibody.
12. The antibody of\claim 11, wherein said antibody is a human or humanized antibody.
13. The antibody of claim 11, wherein said antibody is a chimeric antibody.

14. The antibody of claim 1, wherein said antibody comprises a human heavy chain

constant region and a human light chain constant region.

15. The antibody of claim l:\b erein said antibody is a single chain antibody.
16. The antibody of claim 11, WEZ\}Ein said antibody is a Fab fragment.

17. The antibody of claim 11, where\::}‘mid antibody is a scFv.

18. The antibody of claim 11 binds to both human I.RP6 and cynomologus LRP6.
19. The antibody of claim 11 is an IgG isot

20. The antibody of claim 11, wherein said antibody comprises a framework in which
amino acids have been substituted into the antibody framework from the respective

human VH or VL germline sequences.

21. Anisolated antibody or fragment thereof to LRP6 comprising 1, 2, 3,4, 5, or 6 CDRs
of any of the antibodies in Table 1, wherein the antibody er fragment thereof is

monovalent or bivalent.

22. Anisolated antibody or fragment thereof to LRP6 comprising a heavy chain CDR3
selected from the group consisting of SEQ ID NO: 3, SEQ ID : 25, SEQ and SEQ ID

NO: 43, wherein the antibody or fragment thereof is monovalent ot bivalent.

23. Anisolated antibody or fragment thereof to LRP6 which antibs)\comprises aVH
selected from the group consisting of SEQ ID NO: 14, SEQ ID NO: 34, SEQ ID NO: 36,
SEQ ID NO: 44, SEQ ID NO: 60, and SEQ ID NO: 62 and a VL selected: from the group
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consisting of SEQ ID NQO: 13, SEQ ID NQO: 33, SEQ ID NO: 35, SEQ ID NO: 43, SEQ
ID NO459, and SEQ ID NO: 61, wherein the antibody or fragment thereof is monovalent

or bivale nt.

24. An ted antibody or fragment thereof to LRP6 which antibody comprises a VH
Q ID NOQO: 14 and a VL comprising SEQ ID NO: 13, wherein the antibody

comprising

or fragment threof is monovalent or bivalent.

25. An isolated tibody or fragment thereof to LRP6 which antibody comprises a VH
comprising SEQ x‘ NO: 34 and a VL comprising SEQ ID NO: 33, wherein the antibody

or fragment thereof §s monovalent or bivalent.

26. An isolated antibody or fragment thereof to LRP6 which antibody comprises a VH
comprising SEQ ID and a VL comprising SEQ ID NO: 35, wherein the antibody

or fragment thereof is mohovalent or bivalent.

27. Anisolated antibody o fragment thereof to LRP6 which antibody comprises a VH
comprising SEQ ID NO: 44 id a VL comprising SEQ ID NO: 43, wherein the antibody

or fragment thereof is monovalént or bivalent.

28. Anisolated antibody or fragﬁ%?t thereof to LRP6 which antibody comprises a VH
comprising SEQ ID NO: 36 and a VIL comprising SEQ ID NO: 35, wherein the antibody

or fragment thereof is monovalent orivalent.

29. An isolated antibody or fragment creof to LRP6 which antibody comprises a VH
comprising SEQ ID NO: 60 and a VL a prising SEQ ID NQO: 59, whercin the antibody

or fragment thereof is monovalent or bivalent.

30. An isolated antibody or fragment thereokg LRP6 which antibody comprises a VH
comprising SEQ ID NO: 61 and a VL comprising SEQ 1D NO: 62, wherein the antibody

or fragment thereof is monovalent or bivalent.

31. Anisolated antibody or fragment thereof, cosﬁprising at least one heavy chain CDR
sequence that is identical to SEQ IDNO: 1, 2, 3, 2\} 22, 23,47, 48, and 49, wherein the
antibody binds to human LRP6 protein.

32. An isolated monovalent monoclonal antibody, or fragment thereof, comprising at
%
least one light chain CDR sequence that is identical to SEQ ID NO: 4, 5, 6, 24, 25, 26 50,

\
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51 and 52, wherein the antibody binds to human LRP6 protein, wherein the antibody or

fragment thereof is monovalent or bivalent.

33. Anisolated antibody or fragment thereof, comprising at least one heavy chain CDR
sequence having at least 95% sequence identity to SEQ ID NO: 1, 2, 3, 21, 22, 23, 47, 48,
and 49, 47, 48, and 49, wherein the antibody binds to human LRP6 protein, wherein the
antibody or ﬁ‘agmég\{hereof is monovalent or bivalent.

34. An isolated antibady or fragment thereof, comprising at least one light chain CDR
sequence having at least 95% sequence identity to SEQ ID NO: 4, §, 6, 24, 25,26 50,51
and 52, wherein the antibody binds to human LRP6 protein, wherein the antibody or

fragment thereof is monovalent or bivalent.

35. An isolated antibody or f\:\;gment thereof, comprising a heavy chain variable region
CDR1 of SEQIDNO: 1;a heaé*\g\cémin variable region CDR2 of SEQ ID NO: 2; a heavy
chain variable region CDR3 of SEQ ID NO: 3; a light chain variable region CDR1 of
SEQ ID NO: 4; a light chain van'ab\}% region CDR2 of SEQ ID NO: 5; and a light chain
variable region CDR3 of SEQ ID NO.\\E, wherein the antibody or fragment thereof is

monovalent or bivalent. \

36. An isolated antibody or fragment thef, comprising a heavy chain variable region
CDRI1 of SEQ ID NO: 21; a heavy chain région CDR2 of SEQ ID NO: 22; a
heavy chain variable region CDR3 of SEQ IO: 23; a light chain variable region
CDRI1 of SEQ ID NO: 24; a light chain variablregion CDR2 of SEQ ID NO: 25; and a
light chain variable region CDR3 of SEQ 1D NO:26, wherein the antibody or fragment

thereof is monovalent or bivalent.

37. An isolated antibody or fragment thereof, comprising a heavy chain variable region
CDRI1 of SEQ ID NO: 47; a heavy chain variable region CDR2 of SEQ ID NO: 48; a
heavy chain variable region CDR3 of SEQ ID NO: 49; alight chain variable region
CDRI1 of SEQ ID NO: 50; a light chain variable region Cgm of SEQIDNO: 51;and a
light chain variable region CDR3 of SEQ ID NO: 52, wherein the antibody or fragment

thereof is monovalent or bivalent.

38. A fragment of an antibody of anyone of the previous claim t}\at binds to LRP6
selected from the group consisting of; Fab, F(ab,)’, F(ab),’, ScFV,\{HH, VH, VL, dAbs,

wherein the fragment is monovalent or bivalent.
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39. A\Shaceutical composition comprising an antibody or fragment thereof selected

from clain s 1-38 and a pharmaceutically acceptable carrier, wherein the antibody or

fragment the reof is monovalent or bivalent.

40. A nucleic '- comprising a nucleotide sequence encoding a polypeptide comprising

a heavy chain variable region identity to SEQ ID NO: 14, 34, 36, 44, 60, and 62.

41. A nucleic acid comprising a nucleotide sequence encoding a polypeptide comprising
a light chain variable region identity to SEQ ID NO: 13, 33, 35, 43, 59 and 6.

42. A nucleic acid compri%’ng a nucleotide sequence encoding a polypeptide comprising
a heavy chain variable region‘having at least 98% sequence identity to SEQ ID NO: 14,
34, 36, 44, 60, and 62. \

43. A nucleic acid comprising a nif\gleotide sequence encoding a polypeptide comprising
a light chain variable region having at least 98% sequence identity to SEQ ID NO: 13, 33,

35, 43,59 and 61. \

5,

44. A vector comprising the nucleic acid \3{% claims 40-43.

%

\
45. An isolated antibody or fragment thereof to LRP6 comprising a CDR3 selected from

the group consisting of SEQ ID NO: 69, SEQ IDNO: 93, and SEQ ID NO: 115, wherein

the antibody or fragment thereof is monovalent or'bivalent.

46. An isolated antibody or fragment thereof to LRPxéacomprising a heavy chain CDR 1
selected from the group consisting of SEQ IDNO: 69,§EQ ID NO: 93, and SEQ ID NO:
115; a CDR2 selected from the group consisting of SEQXIL\? NO: 70, SEQ ID NO: 94, and
SEQ ID NO: 116; and a CDR3 selected from the group coﬁ‘@sﬁng of SEQ ID NO: 71,
SEQ ID NO: 95, and SEQ ID NO: 117, wherein the antibod;\%% fragment thereof is

monovalent or bivalent, a\

47. An isolated antibody or fragment thereof to LRP6 comprisin;\@ light chain CDR1
selected from the group consisting of SEQ ID NO: 72, SEQ ID NO}“@%G, and SEQ ID NO:
118; a CDR2 selected from the group consisting of SEQ ID NO: 73, §‘EQ 1D NO: 97, and
SEQ ID NO: 119; and a CDR3 selected from the group consisting of S%Q ID NO: 74,
SEQ ID NO: 98, and SEQ ID NO: 120, wherein the antibody or fragmentxiﬁgereofis

monovalent or bivalent.
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48. An iselated antibody or fragment thereof to LRP6 which antibody comprises a VH
selected from the group consisting of SEQ ID NO: 82, SEQ ID NO: 89, SEQ ID NO: 106,
SEQ ID NO: 108, SEQ ID NO: 128, SEQ ID NO: 130, and SEQ ID NO: 138; and a VL
selected from the group consisting of SEQ ID NO: 81, SEQ ID NO: 90, SEQ ID NO: 105,
SEQ ID NO: 107,'SEQ ID NO: 127, SEQ ID NO: 129, and SEQ ID NO: 137, wherein the

antibody or fragment thereof is monovalent or bivalent.

49. Anisolated antibody or fragment thereof to LRP6 which antibody comprises a VH
comprising SEQ ID NO: 82 and a VL comprising SEQ ID NO: 81, wherein the antibody

or fragment thereof is monoyalent or bivalent.

50. An isolated antibody or fr§gment thereof to LRP6 which antibody comprisesa VH
comprising SEQ ID NO: 90 and%‘axVL comprising SEQ ID NO: 89, wherein the antibody

or fragment thereof is monovalent%\f bivalent.

51. Anisolated antibody or fragment thereof to LRP6 which antibody comprises a VH
comprising SEQ ID NO: 106 and a VL omprising SEQ ID NO: 105, wherein the
antibody or fragment thereof is monovalen%\ or bivalent.

52. An isolated antibody or fragment thereo%tto LRP6 which antibody comprises a VH
comprising SEQ [D NO: 108 anda VL compr&{xng SEQ ID NO: 107, wherein the

antibody or fragment thereof is monovalent or bivalent.

53. An isolated antibody or fragment thereof to Llﬁ’6 which antibody comprises a VH
comprising SEQ ID NO: 128 and a VI, comprising SEQ ID NO: 127, wherein the

antibody or fragment thereof is monovalent or bivalent.

54. Anisolated antibody or fragment thereof to LRPé which antibody comprises a VH
comprising SEQ ID NO: 128 and a VL comprising SEQ ID NO: 127, wherein the

antibody or fragment thereof is monovalent or bivalent.

55. Anisolated antibody or fragment thereof to LRP6 which antibody comprises a VH
comprising SEQ ID NO: 130 and a VL comprising SEQ ID NO: 1 \9 wherein the

antibody or fragment thereof is monovalent or bivalent. \

56. An isolated antibody or fragment thereof to LRP6 which antibody ¢co (\\mprlses aVH
comprising SEQ ID NO: 138 and a VL comprising SEQ 1D NO: 137, whirem the

antibody or fragment thereof is monovalent or bivalent. ’3

\
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57. An 1;8 ated antibody or fragment thereof, comprising at least one heavy chain CDR
t is identical to SEQ ID NO: 69, 70, 71, 93, 94, 95, 115, 116, and 117,
tibody binds to human LRP6 protein, wherein the antibody or fragment

sequence

wherein said

thereof is monovalent or bivalent.

58. Anisolated an\ég?dy or fragment thereof, comprising at ieast one light chain CDR
sequence that is identrgf‘l to SEQ IDNO: 72, 73, 74, 96,97, 98, 118, 119, and 120,
wherein said antibody binds to human LRP6 protein, wherein the antibody or fragment

thereof is monovalent or bivalent.

59. An isolated antibody or ﬁ;egment thereof, comprising at least one heavy chain CDR
sequence having at least 95% é\e\quence identity to SEQ ID NO: 70, 71, 93, 94, 95, 115,
116, and 117, wherein said antlbody binds to human LRP$6 protein, wherein the antibody

or fragment thereof is monovalent Or bivalent.

60. An isolated antibody or fragment ‘z{:kereof, comprising at lcast onc light chain CDR
sequence having at least 95% sequence l’dentity to SEQ ID NO: 72, 73, 74, 96, 97, 98,
118, 119, and 120, wherein said antibody bmds to human LRP6 protein, wherein the

antibody or fragment thereof is monovalent Ear bivalent.

61. An isolated antibody or fragment thereof, cq\mpn'sing a heavy chain variable region
CDRI of SEQ ID NO: 69; a heavy chain variab]é%egion CDR2 of SEQ ID NO: 70; a
heavy chain variable region CDR3 of SEQ ID NO:'71; a light chain variable region
CDRI1 of SEQ ID NO: 72; a light chain variable re;\i\hg CDR2 of SEQIDNO: 73;and a
light chain variable region CDR3 of SEQ ID NO: 74, i\gherein the antibody or fragment

thereof is monovalent or bivalent. \

)

Y

\

62. An isolated antibody or fragment thereof, comprising a heavy chain variable region
CDRI1 of SEQ ID NO: 93; a heavy chain variable region CDRZ of SEQIDNO: 94; a
heavy chain variable region CDR3 of SEQ ID NO: 95; a hght Shain variable region
CDRI1 of SEQ ID NO: 96; a light chain variable region CDR2 oﬁSEQ IDNQO:97;and a

light chajn variable region CDR3 of SEQ ID NO: 98, wherein the Entnbody or fragment
X&\

"v%%\
63. An isolated antibody or fragment thereof, comprising a heavy chair‘i&s\variable region
CDRI1 of SEQ ID NO: 115; a heavy chain variabie region CDR2 of SEQ\‘I_D NO: 116; a

heavy chain variable region CDR3 of SEQ ID NO: 117; a light chain variable region

%
Y

thereof is monovalent or bivalent.
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CDR1 of\SEQ ID NO: 118; a light chain variable region CDR2 of SEQ ID NO: 119; and
a light ch;hn variable region CDR3 of SEQ ID NO: 120, wherein the antibody or

fragment thereof is monovalent or bivalent.

%,

64. A combinatian of a monoclonal antibody or fragment thereof selected from the group
consisting of any one of the antibodies in claims 35-37 with any one of the antibodies in

claims 65-63, wher:} the antibody or fragment thereof is monovalent.

65. A combination of a monoclonal antibody or fragment thereof selected from the group
consisting of any one of the antibodies in claims 35-37 with any one of the antibodies in

claims 65-63, wherein the ;}\tibody or fragment thereof is bivalent.

66. A fragment of the antibod)}*‘of any previous claim that binds with LRP6 selected from
the group consisting of;, Fab, F(ai %\1;, F(ab),’, ScFV, VHH, VH, VL, dAbs, wherein the

fragment is monovalent or bivalent.
A

67. A pharmaceutical composition comprising antibody selected from claims 45-63 and a

pharmaceutically acceptable carrier, wherein the antibody is monovalent or bivalent.

68. A nucleic acid comprising a nucleotide‘iequence encoding a polypeptide comprising
a heavy chain variable region selected from the group consisting of SEQ ID NO: 82, 89,
106, 108, 128, 130, and 138, \\

%

69. A nucleic acid comprising a nucleotide sequence encoding a polypeptide comprising
a light chain variable region selected from the groul}honsisting of SEQ ID NO: 81, 90,
105, 107, 127, 129, and 137. \

70. A nucleic acid comprising a nucleotide sequence em\:\%ging a polypeptide comprising
a heavy chain variable region having at least 98% sequence\iglcntity to SEQ ID NO: 82,
89, 106, 108, 128, 130, and 138. \

71. A nucleic acid comprising a nucleotide sequence encoding &olypeptide comprising
a light chain variable region having at least 98% sequence identity %Q SEQID NO: 81, 90,

105, 107,127,129, and 137. \
\

3

72. A vector comprising the nucleic acid of claims 68-71. Y

73. A method of treating a cancer comprising selecting a subject having an\%{fRPﬁ

expressing cancer, administering to said subject an effective amount of a composition
Y

4
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comprisiré an antibody or fragment thereof selected from claims 1-38 and 45-65, wherein

the antibody ‘or fragment thereof is monovalent or bivalent.
74. The method (\fclaim 73, wherein the subject is a human.

75. A method of treating a cancer mediated by a canonical Wnt signaling pathway
comprising selecting a subject having an LRP6 expressing cancer, administering to the

t of a composition comprising an antibody or fragment thereof

subject an effective am
selected from claims 1-39\and 45-66, wherein said antibody or fragment thereof is
monovalent or bivalent, and‘wherein said cancer is selected from the group consisting of
breast cancer, lung cancer, multiple myeloma, ovarian cancer, liver cancer, bladder
cancer, gastric cancer, prostate c‘agcer, acute myeloid leukemia, chronic myeloid

\ .
leukemia, osteosarcoma, squmou§§ell carcinoma, and melanoma.

76. The method of ¢laim 75, whereln%?a{ld cancer is breast cancer.

77. A method of treating a cancer compﬂsmg selecting a subject having an LRP6
expressing cancer, administering to said su%Ject an effective amount of a composition
comprising an antibody or fragment thereof tjaat binds to a propeller | region of LRP6 in
combination with an antibody or fragment thereof that binds to a propeller 3 region of

LRP6, wherein the antibody or fragment thereof is monovalent or bivalent.

78. A method of treating a cancer comprising selecﬁng a subject having an LRP6
expressing cancer, administering to said subject an efféctive amount of a composition
comprising an antibody or fragment thereof that binds to‘%R% and inhibits Wntl
signalling by LRP6 in combination with an antibody or fragment thereof that binds to
LRP6 and inhibits Wnt3 signalling by [.RP6, wherein the an i{mdies or fragments thereof

are monovalent or bivalent. \\

79. Use of an antibody or fragment thereof of any one of the previgus claims in the
manufacture of a medicament for the treatment of a cancer mediatgh\l\)y a canonical Wnt
signaling pathway selected from the group consisting of breast cancer; lung cancer,
multiple myeloma, ovarian cancer, liver cancer, bladder cancer, gastric ¢ancer, prostate
cancer, acute myeloid leukemia, chronic myeloid leukemia, osteosarcoma; squamous cell
carcinoma, and melanoma, wherein the antibody or fragment thereof is mohgvalent or

bivalent. Hx
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\
80. An an\zbody having VH of SEQ ID NO: 14 and VL of SEQ ID NO: 13 for use in
treating a ca wer mediated by a canonical Wnt signaling pathway, wherein the antibody is

monovalent oiva]ent.

81. An antibody ' VH of SEQ ID NO: 34 and VL of SEQ ID NO: 36 for use in
treating a cancer iated by a canonical Wnt signaling pathway, wherein the antibody is

monovalent or bivalent,

82. An antibody having Vi of SEQ ID NO: 36 and VL of SEQ ID NO: 35 for use in
A
treating a cancer mediated B\x\a canonical Wnt signaling pathway, wherein the antibody is

monovalent or bivalent.

83. An antibody having VH of SEQ ID NO: 44 and VL of SEQ ID NO: 43 for use in
treating a cancer mediated by a can&gieal Wnt signaling pathway, wherein the antibody is

monovalent or bivalent. \\

AN
84. An antibedy having VH of SEQ ID NQ: 60 and VL of SEQ ID NO: 59 for use in
treating a cancer mediated by a canonical \\X{t signaling pathway, wherein the antibody is
monovalent or bivalent. \
\5
85. An antibody having VH of SEQ ID NO: 62 ai\l““q VL of SEQ I NO: 61 for use in

treating a cancer mediated by a canonical Wnt sign&l\ing pathway, wherein the antibody is
3

%

monovalent or bivalent. \

A
86. An antibody having VH of SEQ ID NO: 82 and VL :3{ SEQ ID NO: 81 for use in

treating a cancer mediated by a canonical Wnt signaling pathway, wherein the antibody is

monovalent or bivalent. Y

3

87. An antibody having VH of SEQ ID NO: 90 and VL of SEQ *I\D NO: 89 for use in

treating a cancer mediated by a canonical Wnt signaling pathway?\{vherein the antibody is

. 3,
monovalent or bivalent. \
3

\
\
88. An antibody having VH of SEQ ID NO: 106 and VL of SEQ ID N: 105 for use in

treating a cancer mediated by a canonical Wnt signaling pathway, where}ﬂ% the antibody is

monovalent or bivalent. N
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89. An an\i\::dy having VH of SEQ ID NO: 108 and VL of SEQ ID NO: 107 for use in
treating a cancer mediated by a canonical Wnt signaling pathway, wherein the antibody is

monovalent ok bivalent.

90. An antibody having VH of SEQ ID NO: 128 and VL of SEQ ID NO: 127 for use in
treating a cancer mediated by a canonical Wnt signaling pathway, wherein the antibody is

monovalent or bivalém.

91. An antibody having\\}\/ H of SEQ ID NO: 130 and VL of SEQ ID NO: 129 for use in
treating a cancer mediateag)\y a canonical Wnt signaling pathway, wherein the antibody is

monovalent or bivalent.

92. An antibody having VH 02\§EQ ID NO: 138 and VI of SEQ ID NO: 137 for use in
kS
treating a cancer mediated by a canonical Wnt signaling pathway, wherein the antibody is

monovalent or bivalent.

93. An antibody having VH of SEQ }\D NO: 14 and VL. of SEQ ID NO: 13 foruse as a

drug, wherein the antibody is monovalent or bivalent.

N
94. An antibody having VH of SEQ ID N(\Bé 34 and VL of SEQ ID NO: 33 for use as a

AN
drug, wherein the antibody is monovalent or“%l%ivalent.

95. An antibody having VH of SEQ ID NO: 3%‘@nd VL of SEQ ID NO: 35 for use as a

A
drug, wherein the antibody is monovalent or bivé‘lgnt.
3\

B
96. An antibody having VH of SEQ ID NO: 44 and\\yL of SEQ ID NO: 43 foruse as a

drug, wherein the antibody is monovalent or bivalentl.\

kN

\
97. An antibody having VH of SEQ ID NO: 60 and VL of SEQ ID NO: 59 for use as a

drug, wherein the antibody is monovalent or bivalent.

98. An antibody having VH of SEQ ID NO: 62 and VL of S\EQ IDNO: 61 foruse as a

drug, wherein the antibody is monovalent or bivalent. \

\
99. An antibody having VH of SEQ 1D NO: 82 and VL. of SEQ I%g NO: 81 foruseasa
drug, wherein the antibody is monovalent or bivalent. \

Y
100. An antibody having VH of SEQ ID NO: 90 and VL of SEQ ID 123{\) 89 for use as a

drug, wherein the antibody is monovalent or bivalent.

A

\
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IOI\Q: antibody having VH of SEQ ID NO: 106 and VL of SEQ ID NO: 105 for use as

a drug)wherein the antibody is monovalent or bivalent.
AN

102. An }ﬁ ibody having VH of SEQ ID NO: 108 and VL of SEQ ID NO: 107 for use as

a drug, whereéin the antibody is monovalent or bivalent.

103. An antibodN]aving VH of SEQ ID NO: 128 and VL of SEQ ID NO: 127 for use as
a drug, wherein the\gitibody is monovalent or bivalent.

104. An antibody havi;\ VH of SEQ ID NO: 130 and VL of SEQ ID NO: 129 for use as
o

a drug, wherein the antibody is monovalent or bivalent.

105. An antibody having VHX%C SEQ ID NO: 138 and VL of SEQ ID NO: 137 for use as

a drug, wherein the antibody is ?h%novalent or bivalent.
%\X‘{
106. An antibody or fragment thereé% of claims 1-38 and 45-66, for use as a medicament.

107. An antibody or fragment thereof of\qlaims 1-38 and 45-66, for use as a medicament
N\
for treatment of an LRP6 expressing canceﬁ\X

kN

108. An antibody or fragment thereof of claim}’«{ -38 and 45-66, for use as a medicament
for treatment of an LRP6 expressing cancer, wher%{n the cancer is selected from the group
consisting of breast cancer, lung cancer, multiple m)\}"sloma, ovarian cancer, liver cancer,
bladder cancer, gastric cancer, prostate cancer, acute myeloid leukemia, chronic myeloid
leukemia, osteosarcoma, squamous cell carcinoma, and melanoma.

AN

A
Y,
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Claims

1. An isolated bivalent antibody or a bivalent fragment thereof to a low density
lipoprotein-related protein 6 (LRP6) that potentiates a Wnt signal by clustering one or
more LRP6 receptors in the presence of an unblocked LRP6 binding protein, wherein
the antibody or fragment thereof cross competes with an antibody selected from the

group consisting of MOR08168, MOR08545 and MOR06475, as described in Table 1.

2. The isolated bivalent antibody or a bivalent fragment thereof of claim 1, wherein the
antibody clusters one or more LRP6 receptors by binding to a Propeller region selected

from the group consisting of Propeller 1 and Propeller 3.

3. The isolated bivalent antibody or fragment thereof of claim 1 or 2, wherein the
LRP6 binding protein is a Wnt binding protein selected from the group consisting of
Wnt 1, Wnt 3, and Wnt 3a.

4. An isolated monovalent antibody or monovalent fragment thereof to a low density
lipoprotein-related protein 6 (LRP6) that avoids potentiation of a Wnt signal by
clustering one or more LRP6 receptors in the presence of an unblocked LRP6 binding
protein, wherein the antibody or fragment thereof cross competes with an antibody

selected from the group consisting of MOR08168, MOR08545 and MORO06475, as
described in Table 1.

5. The isolated antibody or fragment thereof of claim 4, having a dissociation (Kp)
selected from less than 1 x 107 M, 108 M, 10° M, 10'° M, 10" M, 10" M, 10" M,
wherein the antibody or fragment thereof binds human LRP6.

6. The isolated antibody or fragment thereof of claim 5, wherein the antibody or
fragment thereof inhibits a canonical Wnt pathway as measured by in vitro binding to

human LRP6 in a Solution Equilibrium Titration assay with a Kp of 0.001nM-1uM.
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7. The isolated antibody or fragment thereof of claim 5, wherein the antibody or
fragment inhibits a phosphorylation of LRP6 as assessed by a Wnt ligand induced
phosphorylation assay.

8. The isolated antibody or fragment thereof of claim 5, wherein the antibody or
fragment inhibits a canonical Wnt pathway as measured by in vitro binding to human

LRP6 in a Solution Equilibrium Titration (SET) assay with a ECsg of less than or equal
to 300 uM.

9. An isolated bivalent or monovalent antibody or fragment thereof to a low density
lipoprotein-related protein 6 (LRP6) that cross competes with an antibody selected from

the group consisting of MOR08168, MOR08545 and MOR06475, as described in Table
1.

10. The isolated antibody or fragment thereof of any one of claims 1 to 5, that binds to
the same epitope as an antibody selected from the group consisting of MOR08168,
MORO08545 and MOR06475, as described in Table 1.

11. The isolated antibody or fragment thereof of any one of claims 1 to 5, wherein the
antibody or fragment is selected from a monoclonal antibody, a human antibody or
humanized antibody, a chimeric antibody, a single chain antibody, a Fab fragment, and

an scFv.

12. The isolated antibody or fragment thercof of claim 11, wherein the antibody or

fragment binds to both human LRP6 and cynomologus LRP6.
13. The antibody of claim 11, wherein the antibody is an IgG isotype.
14. The isolated antibody or fragment thereof of any one of claims 1 to 5, comprising

1, 2,3, 4,5, or 6 CDRs of the antibodies in Table 1 selected from the group consisting
of MOR08168, MOR08545 and MOR06475.
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15. The isolated antibody or fragment thereof of any one of claims 1 to 5, comprising
one or more of a heavy chain CDR3 comprising SEQ ID NO: 3, a light chain CDR2
comprising SEQ ID NO: 25, and a VL comprising SEQ ID NO: 43.

16. The isolated antibody or fragment thereof of any one of claims 1 to 5, which
antibody comprises a VH selected from the group consisting of SEQ ID NO: 14, SEQ
ID NO: 34, SEQ ID NO: 36 and SEQ ID NO: 44 and a VL selected from the group
consisting of SEQ ID NO: 13, SEQ ID NO: 33, SEQ ID NO: 35 and SEQ ID NO: 43.

17. An isolated antibody or fragment thereof to LRP6 which antibody comprises a VH
comprising SEQ ID NO: 14 and a VL comprising SEQ ID NO: 13, wherein the

antibody or fragment thereof is monovalent or bivalent.

18. The isolated antibody or fragment thereof of any one of claims 1 to 5, which
antibody comprises a VH comprising SEQ ID NO: 34 and a VL comprising SEQ ID
NO: 33.

19. The isolated antibody or fragment thereof of any one of claims 1 to 5, which
antibody comprises a VH comprising SEQ ID NO: 36 and a VL comprising SEQ ID
NO: 35.

20. The isolated antibody or fragment thereof of any one of claims 1 to 5, which
antibody comprises a VH comprising SEQ ID NO: 44 and a VL comprising SEQ ID
NO: 43.

21. The isolated antibody or fragment thereof of any one of claims 1 to 5, which
antibody comprises a VH comprising SEQ ID NO: 36 and a VL comprising SEQ ID
NO: 35.

22. The isolated antibody or fragment thereof of any one of claims 1 to 5, comprising

at least one heavy chain CDR sequence that is identical to SEQ ID NO: 1, 2, 3, 21, 22
and 23, wherein the antibody binds to human LRP6 protein.
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23. The isolated antibody or fragment thereof of any one of claims 1 to 5, comprising
at least one light chain CDR sequence that is identical to SEQ ID NO: 4, 5, 6, 24, 25
and 26, wherein the antibody binds to human LRP6 protein.

24. The isolated antibody or fragment thereof of any one of claims 1 to 5, comprising
at least one heavy chain CDR sequence having at least 95% sequence identity to SEQ

ID NO: 1,2, 3, 21, 22 and 23, wherein the antibody binds to human LRP6 protein.

25. The isolated antibody or fragment thereof of any one of claims 1 to 5, comprising
at least one light chain CDR sequence having at least 95% sequence identity to SEQ ID
NO: 4, 5, 6, 24, 25 and 26, wherein the antibody binds to human LRP6 protein.

26. An isolated antibody or fragment thereof, comprising a heavy chain variable region
CDRI1 of SEQ ID NO: 1; a heavy chain variable region CDR2 of SEQ ID NO: 2; a
heavy chain variable region CDR3 of SEQ ID NO: 3; a light chain variable region
CDRI1 of SEQ ID NO: 4; a light chain variable region CDR2 of SEQ ID NO: 5; and a
light chain variable region CDR3 of SEQ ID NO: 6, wherein the antibody or fragment

thereof is monovalent or bivalent.

27. The isolated antibody or fragment thereof of any one of claims 1 to 5, comprising a
heavy chain variable region CDR1 of SEQ ID NO: 21; a heavy chain variable region
CDR2 of SEQ ID NO: 22; a heavy chain variable region CDR3 of SEQ ID NO: 23; a
light chain variable region CDR1 of SEQ ID NO: 24; a light chain variable region
CDR2 of SEQ ID NO: 25; and a light chain variable region CDR3 of SEQ ID NO: 26.

28. A pharmaceutical composition comprising an antibody or fragment thereof

selected from claims 1 to 27 and a pharmaceutically acceptable carrier.
29. A nucleic acid comprising a nucleotide sequence encoding a polypeptide of any

one of claims 1 to 5, comprising a heavy chain variable region identity to SEQ ID NO:

14, 34, 36 and 44.
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30. A nucleic acid comprising a nucleotide sequence encoding a polypeptide of any
one of claims 1 to 5, comprising a light chain variable region identity to SEQ ID NO:
13, 33, 35 and 43.

31. A nucleic acid comprising a nucleotide sequence encoding a polypeptide of any
one of claims 1 to 5, comprising a heavy chain variable region having at least 98%

sequence identity to SEQ ID NO: 14, 34, 36 and 44.

32. A nucleic acid comprising a nucleotide sequence encoding a polypeptide of any
one of claims 1 to 5, comprising a light chain variable region having at least 98%

sequence identity to SEQ ID NO: 13, 33, 35 and 43.

33. A vector comprising the nucleic acid of any one of claims 29 to 32.

34. The isolated antibody or fragment thereof of any one of claims 1 to 5, comprising a

heavy chain CDR1 of SEQ ID NO: 69.

35. The isolated antibody or fragment thereof of any one of claims 1 to 5, comprising a
heavy chain CDR1 of SEQ ID NO: 69; a heavy chain CDR2 of SEQ ID NO: 70; and a
heavy chain CDR3 of SEQ ID NO: 71.

36. The isolated antibody or fragment thereof of any one of claims 1 to 5, comprising a
light chain CDR1 of SEQ ID NO: 72; a light chain CDR2 of SEQ ID NO: 73; and a
light chain CDR3 of SEQ ID NO: 74.

37. The isolated antibody or fragment thereof of any one of claims 1 to 5, which
antibody comprises a VH selected from the group consisting of SEQ ID NO: 82 and
SEQ ID NO: 89; and a VL selected from the group consisting of SEQ ID NO: 81 and
SEQ ID NO: 90.

38. The isolated antibody or fragment thereof of any one of claims 1 to 5, which
antibody comprises a VH comprising SEQ ID NO: 82 and a VL comprising SEQ ID
NO: 81.
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39. The isolated antibody or fragment thereof of any one of claims 1 to 5, which
antibody comprises a VH comprising SEQ ID NO: 84 and a VL comprising SEQ 1D
NO: 90.

40. The isolated antibody or fragment thereof of any one of claims 1 to 5, comprising at
least one heavy chain CDR sequence that is identical to SEQ ID NO: 69, 70 and 71,

wherein said antibody binds to human LRP6 protein.

41. The isolated antibody or fragment thereof of any one of claims 1 to 5, comprising at

least one light chain CDR sequence that is identical to SEQ ID NO: 72, 73 and 74.

42. The isolated antibody or fragment thereof of any one of claims 1 to 5, comprising at
least one heavy chain CDR sequence having at least 95% sequence identity to SEQ ID
NO: 69, 70 and 71, wherein said antibody binds to human LRP6 protein.

43. The isolated antibody or fragment thereof of any one of claims 1 to 5, comprising at
least one light chain CDR sequence having at least 95% sequence identity to SEQ ID
NO: 72, 73 and 74, wherein said antibody binds to human LRP6 protein.

44. The isolated antibody or fragment thereof of any one of claims 1 to 5, comprising a
heavy chain variable region CDR1 of SEQ ID NO: 69; a heavy chain variable region
CDR2 of SEQ ID NO: 70; a heavy chain variable region CDR3 of SEQ ID NO: 71; a
light chain variable region CDR1 of SEQ ID NO: 72; a light chain variable region
CDR2 of SEQ ID NO: 73; and a light chain variable region CDR3 of SEQ ID NO: 74.

45. A combination of a monoclonal antibody or fragment thereof selected from the
group consisting of any one of the antibodies in claims 26 or 27 with any one of the

antibodies in claim 44, wherein the antibody or fragment thereof is monovalent.

46. A combination of a monoclonal antibody or fragment thereof selected from the
group consisting of any one of the antibodies in claims 26 or 27 with any one of the

antibodies in claim 44, wherein the antibody or fragment thereof is bivalent.
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47. A pharmaceutical composition comprising antibody selected from any one of

claims 34 to 44 and a pharmaceutically acceptable carrier, wherein the antibody is

monovalent or bivalent.

48. A nucleic acid comprising a nucleotide sequence encoding a polypeptide of any one
of claims 1 to 5, comprising a heavy chain variable region selected from the group

consisting of SEQ ID NO: 82 and 89.

49. A nucleic acid comprising a nucleotide sequence encoding a polypeptide of any one
of claims 1 to 5, comprising a light chain variable region selected from the group

consisting of SEQ ID NO: 81 and 90.

50. A nucleic acid comprising a nucleotide sequence encoding a polypeptide of any one
of claims 1 to 5, comprising a heavy chain variable region having at least 98% sequence

identity to SEQ ID NO: 82 and 89.

51. A nucleic acid comprising a nucleotide sequence encoding a polypeptide of any one
of claims 1 to 5, comprising a light chain variable region having at least 98% sequence

identity to SEQ ID NO: 81 and 90.

52. A vector comprising the nucleic acid of any one of claims 48 to 51.

53. Use of the antibody or fragment thereof of any one of claims 1 to 27 and 34 to 44 in
the manufacture of a medicament for the treatment of cancer, wherein the antibody or

fragment thereof is monovalent or bivalent.

54. Use of an antibody or fragment thereof of any one of claims 1 to 27 and 34 to 44 in
the manufacture of a medicament for the treatment of a cancer mediated by a canonical
Whnt signaling pathway selected from the group consisting of breast cancer, lung cancer,
multiple myeloma, ovarian cancer, liver cancer, bladder cancer, gastric cancer, prostate

cancer, acute myeloid leukemia, chronic myeloid leukemia, osteosarcoma, squamous
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cell carcinoma, and melanoma, wherein the antibody or fragment thereof is monovalent

or bivalent.

55. Use of claim 54, wherein said cancer is breast cancer.

56. Use of an antibody having VH of SEQ ID NO: 14 and VL of SEQ ID NO: 13 in the
manufacture of a medicament for treating a cancer mediated by a canonical Wnt

signaling pathway, wherein the antibody is monovalent or bivalent.

57. Use of the antibody of any one of claims 1 to 5 having VH of SEQ ID NO: 34 and
VL of SEQ ID NO: 33 in the manufacture of a medicament for treating a cancer
mediated by a canonical Wnt signaling pathway, wherein the antibody is monovalent or

bivalent.

58. Use of the antibody of any one of claims 1 to 5 having VH of SEQ ID NO: 36 and
VL of SEQ ID NO: 35 for use in treating a cancer mediated by a canonical Wnt

signaling pathway, wherein the antibody is monovalent or bivalent.

59. Use of the antibody of any one of claims 1 to 5 having VH of SEQ ID NO: 44 and
VL of SEQ ID NO: 43 in the manufacture of a medicament for treating a cancer
mediated by a canonical Wnt signaling pathway, wherein the antibody is monovalent or

bivalent.

60. Use of the antibody of any one of claims 1 to 5 having VH of SEQ ID NO: 82 and
VL of SEQ ID NO: 81 in the manufacture of a medicament for treating a cancer
mediated by a canonical Wnt signaling pathway, wherein the antibody is monovalent or

bivalent.

61. Use of the antibody of any one of claims 1 to 5 having VH of SEQ ID NO: 89 and
VL of SEQ ID NO: 90 in the manufacture of a medicament for treating a cancer
mediated by a canonical Wnt signaling pathway, wherein the antibody is monovalent or

bivalent.
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62. An antibody having VH of SEQ ID NO: 14 and VL of SEQ ID NO: 13 for use as a

drug, wherein the antibody is monovalent or bivalent.

63. The antibody of any one of claims 1 to 5 having VH of SEQ ID NO: 34 and VL of

SEQ ID NO: 33 for use as a drug, wherein the antibody is monovalent or bivalent.

64. The antibody of any one of claims 1 to 5 having VH of SEQ ID NO: 36 and VL of

SEQ ID NO: 35 for use as a drug, wherein the antibody is monovalent or bivalent.

65. An antibody of any one of claims 1 to 5 having VH of SEQ ID NO: 44 and VL of

SEQ ID NO: 43 for use as a drug, wherein the antibody is monovalent or bivalent.

66. The antibody of any one of claims 1 to 5 having VH of SEQ ID NO: 82 and VL of

SEQ ID NO: 81 for use as a drug, wherein the antibody is monovalent or bivalent.

67. The antibody of any one of claims 1 to 5 having VH of SEQ ID NO: 89 and VL of

SEQ ID NO: 90 for use as a drug, wherein the antibody is monovalent or bivalent.

68. An isolated antibody or fragment thereof, comprising a heavy chain variable region
CDRI! of SEQ ID NO: 7; a heavy chain variable region CDR2 of SEQ ID NO: §; a
heavy chain variable region CDR3 of SEQ ID NO: 9; a light chain variable region
CDRI1 of SEQ ID NO: 10; a light chain variable region CDR2 of SEQ ID NO: 11; and a
light chain variable region CDR3 of SEQ ID NO: 12, wherein the antibody or fragment

thereof is monvalent or bivalent.

69. The isolated antibody or fragment thereof of any one of claims 1-5, comprising a
heavy chain variable region CDR1 of SEQ ID NO: 27; a heavy chain variable region
CDR2 of SEQ ID NO: 28; a heavy chain variable region CDR3 of SEQ ID NO: 29; a
light chain variable region CDR1 of SEQ ID NO: 30; a light chain variable region
CDR2 of SEQ ID NO: 31; and a light chain variable region CDR3 of SEQ ID NO: 32,

wherein the antibody or fragment thereof is monovalent or bivalent.

70. The isolated antibody or fragment thereof of any one of claims 1-5, comprising a
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heavy chain variable region CDR1 of SEQ ID NO: 75; a heavy chain variable region
CDR2 of SEQ ID NO: 76; a heavy chain variable region CDR3 of SEQ ID NO: 77; a
light chain variable region CDR1 of SEQ ID NO: 78; a light chain variable region
CDR2 of SEQ ID NO: 79; and a light chain variable region CDR3 of SEQ ID NO: 80,

wherein the antibody or fragment thereof is monovalent or bivalent.
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