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CLAIMS

What is claimed is:

1. A monocional antibody that binds human notum pectinacetylesterase (NOTUM)
and neutralizes at least one activity of NOTUM.

2. The antibody of claim 1, wherein the antibody binds to a NOTUM selecied from
mause NOTUM, guinea pig NOTUM, cynomolgus menkey NOTUM, and rhesus mo.nkey NOTUM.

3. The antibody of any one of the preceding claims, wherein the a'ntibody reduces
NOTUM activity in a trisodium 8-octanoyloxypyrene-1,3,6-trisulfonate (OPTS) assay in vitro, and/or
reduces NOTUM activity in a Wnt signaling-assay in vitro.

4, The antibody of any one of the preceding claims, wherein upon administration to a
subject the antibody increases serum PINP levels in vivo, increases bone mineral density in vivo,
increases midshaft femur cortical thickness in vivo, increases miq{shaf'{ femur bone area in vivo,
increases midshaft humerus cortical thickness in vivo, increases endocortical bone formation in
vivo, increases the proportion of cortical bane volume in the LV5 vertebral body in vivo, and/or
increases the proportion of femoral neck bone volume to-f:remoral neck total volume in vivo.

5. The antibody of any one of the preceding claims, wherein the antibody binds to a

polypeptide having the amino acid sequence of SEQD NO: 1 with K, of less than 50 nM.

6. The antibody of claim 5, wherein the ¥; is less than 20 nM.
7. The antibody of daim 8, whereiﬁ the K; is less than 10 nM,
8. The antibody of any one of tﬁe preceding claims, wherein the antibody has at least

one binding characteristic selected from: .~
a) bindsto a polypeptideﬁ_hﬁaving the amino acid sequence of SEQ 1D NO: 83 with a
binding affinity that is at leasts.Swfold stronger than the binding affinity of the antibody for a
polypeptide having the am’Ine acid sequence of SEQ 1D NO: 84;
b) binds to a polyp’éptide having the amino acid sequence of SEQ ID NO: 85 with a
binding affinity thatﬁ_i's' .at least 5-fold stronger than the binding affinity of the antibody for a
polypentide havéng‘lthe -amino acid sequence of SEQ [D NO: 86;
c) binds t_p"é solypeptide having the amino acid sequence of SEQ 1D NO: 1 with a
hinding affin_if';/ thatis at least 5-fold stronger-than the binding affinity of the antibody for a
polypeptidé. having the amino acid sequence of SEQ. ID NO: 34;
a} .-b'.indsto a polypeptide having the amino acid sequence of SEQ 1D NO: 1 with a
hinding affinity that is at least 5-fold stronger than the binding affinity of the antibody for a
pq.:lypeptide having the amino acid sequence of SEQ 1D NO: 89;
.e:} binds to a polypeptide having the amino acid sequence of SEQ ID NOQ: 95 with a
binding affinity that is at least 5-fold stronger than the binding affinity of the antibody fora
polypeptide having the amino acid sequence of SEQ ID NO: 2;
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f) competes for binding to NOTUM with an antibody comprising a heavy chain 7
variable region having an amino acid sequence of SEQ 1D NQ: 7 and a light chain v%ﬁ%"éme

region having the amino acid sequence of SEQ ID NO: 8; fﬂi
£

g) competes for binding to NOTUM with an antibody comprising a heavy“i:hain
variable region having an amino acid sequence of SEQ 1D NO: 15 and a lighﬁ%hain variable
region having the amino acid sequence of SEQ 1D NO: 186;
71 competes for binding to NOTUM with an antibody comprising’é heavy chain
variable region having an amino acid sequence of SEQ ID NO: 23 a_‘néi a light chain variable
region having the amino acid sequence of SEQ 1D NO: 24; .
i) competes for binding to NOTUM with an antibody c‘p"r"ﬁprising a heavy chain
variable region having an amino acid sequence of SEQ ID NO 31 and a light chain variabte
region having the amino acid sequence of SEQ 1D NO: 32,
i} competes for binding to NOTUM with an ant-ii;ody comprising a heavy chain
variable region having an amino acid sequence of_.-S'iEO‘ D NO: 39 and a light chain variable
region having the amino acid sequence of SEQ,!b NO: 40;
k) competes for binding to NOTUM w_i_th.an antibody comprising a heavy chain
variable region having an amino acid seq_uénce of SEQ D NO: 47 and a light chain variable
region having the amino acid sequence":of SEQ 1D NO: 48; and
)] competes for binding to NOTUM with an antibody comprising a heavy chain
variable region having an amino’_*aiﬁid sequence of SEQ 1D NO: 55 and a light chain variable
region having the amino acéd:,sé.quence of SEQ ID NO: 56.
9, The antibody of any one of the preceding claims, wherein the antibody is selected
from a mouse antibody, a chimer’i}c antibody, a humanized antibody, and a human antibody.
10. The antiboely-r‘j}C any one of the preceding claims, wherein the antibody comprises a
neavy chain and a light ch_aiﬁ, wherein the heavy chain comprises at least one CDR selected from:
al a CDRl____.c'émprising an amino acid sequence selected from SEQ 1D NOs: 9, 17, 25, 33,
41, 48, and 90;
b) aﬂ\CBRZ comprising an amino acid sequence selected from SEQ 1D NOs: 10, 18, 26,
34, 42, 4nd 50; and
c) a CDR3 comprising an amino acid sequence selected from SEQ ID NOs: 11, 19, 27,
3543, 51, and 91.
11 The antibody of claim 10, wherein the heavy chain comprises 2 set comprising a
CDE;&{ a CDR2, and a CDR3, wherein the set is selected from:
7 / a) a set comprising a CDR1 having the aminoe acid sequence of SEQ D NO: 9, a CDR2
, having the amino acid seguence of SEQ 1D NO: 10, and a CDR3 having the amino acid
sequence of SEQ 1D NOG: 11;
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h) a set comprising a CDR1 having the amino acid sequence of SEQ 1D NO: 50, a CDR?’
having the amino acid sequence of SEQ 1D NO: 18, and a CDR3 having the amino acid
sequence of SEQ 1D NO: 91;
¢} & set comprising a CDR1 having the amino acid sequence of SEQ 1D NO: 17‘, a CDR2
having the amino acid sequence of SEQ ID NO: 18, and a CDR3 having the ami_n‘é acid
sequence of SEQ (D NO: 18; /
d) a set comprising a CDR1 having the amino acid sequence of SEQ Iﬁ NO: 90, a CDR2
having the amino acid sequence of SEQ 1D NO: 26, and a CDR3 having the amino acid
sequence of SEQ ID NO: 27:

) a set comprising a CDR1 having the amino acid sequence of SEQ ID NO: 25, a CDR2

having the amino acid sequence of SEQ ID NO: 26, and a CDR3 having the amino acid
sequence of SEQ 1D NO::27;

f) a set comprising a8 CDR1 having the amino acid Sequence of SEG 1D NG: 90, a CDR2

having the amino acid sequence of SEQ, 1D NO: 34, and a CDR3 having the amino acid

sequence of SEQ 1D NO: 93;

g) a set comprising @ CDR1 having the amino acid sequence of SEQ 1D NO: 33, a CDR2

having the amine acid sequence of SEQ 1D NO: 34, and a CDR3 having the amino acid
sequence of SEQ 1D NO: 35; _

h) a set comprising a CDR1 having the aming acid sequence of SEQ.ID NO: 41, a CDR2

having the amino acid sequence of SEQ 1D NO: 42, and a CDR3 having the amino acid

sequence of SEQ ID NO: 43;

i) a set comprising & CDR1 having the amino acid sequence of SEQ 1D NO: 49, a CDR2

having the amino acid sequence of SEQ ID NO: 50, and a CDR3 having the amino acid
sequence of SEQ D _NO: 51; and

il a set comprising a COR1 having the amino acid sequence of SEQ ID NO: 57, a CDR2

having the amj__nb acid sequence of SEQ ID NO: 58, and a CDR3 having the amino acid
sequence o_f.-’S.EQ ID.NO:.59.

12, ‘{he antibody of claim 11, wherein the heavy chain comprises a heavy chain variable’
regions comp_r-ising an amino acid:sequence selected from SEQ ID NOs: 7, 15, 23, 31, 39, 47, 63, 67,
71,75, and:79.

13 The antibody of any one of the preceding claims, wherein the antibody comprises a
hea\._f_y"";hair; and a light chain, wherein the light chain comprises at least one COR selected from:
3) a CDRI1-comprising an amino acld sequence selected fram SEQ D NOs: 12, 20, 28,

36, 44, 52, 60, and 92;

b) a CDRZ comprising an amino acid sequence selected from SEQ ID NOs: 13, 21, 29,

37,45,53, 61, and 83; and
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c) a CDR3 comprising an amino acid sequence selected from SEQ ID NOs:; 14, 22,;(3-/,
38, 46, 54, and 62,

14. The antibody of claim 13, wherein the light chain comprises a set compri_sii%g a
CDR1, a CDR2Z, and a CDR3, wherein the set is selected from: _
al a set comprising a CDR1 having the amino acid sequence of SEQ ID NO 12,a CbR2
having the amino acid sequence of SEQ 1D NO: 13, and a CDR3 having the 'é:mmo acid
sequence of SEQ ID NO: 14; '
b} a set comprising a CDR1 having the amino acid sequence of-S'.EQ ID NO: 82, a CDR2
having the amino acid sequence of SEQ 1D NO: 93, and a CDR3 having the amino acid
sequence of SEQ ID NO: 22; |
o} a set comprising a CDR1 having the amino acid sequence of SEQ D NO: 20, a CDR2
having the amino acid sequence of SEQ {D NO: 21, and g_.CDRB having the amino acid
sequence of SEQ ID NO: 22; :
d) a set comprising a CDR1 having the amino_aéid sequence of SEQ D NO: 92, a CDR2
having the amino acid sequence of SEQ (D NO: 83, and a CDR3 having the amino acid
sequence of SEQ 1D NO: 30;
e) a set comprising a CDR1 having the amino acid sequence of SFQ ID NO: 28, a CDR2
having the amino acid sequence of SEQ 1D NO: 29, and a CDR3 having the amino acid
sequence of SEQ [D NO: 30;
f) a set comprising a CDR1 having the amino acid sequence of SEQ ID NO: 92, a CDR2
having the amino acid sequenc_e'of SEQ ID NO: 93, and a CDR3 having the amino acid
sequence of SEQ 1D NO: 38; "
g) a set comprisinga:CDRl having the amino acid sequence of SEQ ID NO: 36, a CDR2
having the amino acid_s'equence of SEQ 1D NO: 37, and a CDR3 having the amino acid
sequence of SEQ 1D NO: 38;
hi} a set cam';arising a CDR1 having the aminc acid sequence of SEQ 1D NO: 44, a CDR2
having the an_'lir;o acid sequence of SEQ ID NO: 45, and a CDR3 having the amino acid
sequence o?SEQ iD NO: 46;
i) __a".set comprising a CDR1 having the amino acid sequence of SEQ 1D NO: 52, a CDR2
having}the amino acid sequence of SEQ 1B NO: 53, and a COR3 having the amino acid
se_q"u:ence of SEQ ID NO: 54; and
;) 2 set comprising a CDR1 having the amino acid segquence of SEQ D NO: 60, a CDR2
having the amine acid sequence of SEQ ID NO: 61, and a CDR3 having the amino acid
sequence of SEQ 1D NO: 62.
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15, The antibody of claim 14, wherein the light chain comprises a light chain variab_lé'
regions comprising an amino acid sequence selected from SEQ D NOs: 8, 16, 24, 32, 40, 48, _56; 65,
69, 73, 77, and 81. B
16. The antibody of claim 1, wherein the antibody comprises a heavy chaig_} \:ariable
region and a light chain variable region, wherein: _ |
aj the heavy chain variable region comprises a CDR1 having the amino acid sequence
of SEQID NO: 8, a CDR2 having the amino acid sequence of SEQ ID NO: 10 and a CDR3
having the amino acid sequence of SEQ 1D NO: 11, and wherein the iight chain variable
region comprises a CDR1 having the amino acid sequence of SEQ ID NO: 12, a CDR2 having
the amino acid sequence of SEQ 1D NO: 13, and a CDR3 having tHe amino acid sequence of
SEQ.ID NO: 14; or |
b) the heavy chain variabie region comprises a CDR1 having the amino acid sequence
of SEQ ID NO: 80, a CDR2 having the aming acid sequ_ehﬁe of SEQ 1D NO: 18, and a CDR3
having the amino acid sequence of SEQ 1D NO: 91, a'ﬁd wherein the light chain variable
region comprises a CDR1 having the amino acid séquence of SEQ; ID NO: 92, & CDR2 having
the amino acid sequence of SEQ 1D NO: 83, a:nd. a CDR3 having the amino acid sequence of
SEQ ID NO: 22; o1
c) the heavy chain variable region cbmpr%ses a CDR1 having the amino acid sequence
of SEQ D NO: 17, a CDR2 having thet_a'r'nino acid sequence of SEQ 1D NO: 18, and a CDR3
having the amino acid sequence q.f’SEQ ID NO: 19, and the light chain variable region
comprises a CDR1 having the amino acid sequence of SEQ ID NO: 20, a CDR2 having the
amino acid sequence ofSEQ-ib NO: 21, and a CDR3 having the amino acid sequence of SEQ
1D NG: 22; or _ |
d) the heavy chair variable region comprises a CDR1 having the amino acid sequence
of SEQID NO: 90, a CDR2 having the amino acid sequence of SEQ ID NO: 26, and a CDR3
having the aming écid sequence of SEQ 1D NO: 27, and wherein the light chain variable
region compri_sés a CDR1 having the.amino acid sequence of SEQ 1D NO: 92, a CDR2 having
the amino _a‘c':i.d sequence of SEQ ID NG: 93, and a CDR3 having the-amino acid sequence of
SEQID Nd;'SD; or
ey "':the heavy chain variable region comprises a CDR1 having the amino acid sequence
of__‘SiéQ D NO; 25, a CDR2 having the amino acid sequence of SEQ D NO: 26, and a CDR3
_having the amino acid sequence of SEQ ID NO: 27, and wherein the light chain variable
region-comprises a COR1-having the amino acid sequence of SEQ ID NO: 28, a CDR2 having
the amino acid sequence of SEQ ID NO: 29, and a CDR3 having the amino acid sequence of

SEQID NO: 3G; or



) the heavy chain variable region comprises a COR1 having the amino acid sequer_zcé
of SEQ 1D NO: 90, a CDR2 having the amino acid sequence of SEQ ID NO: 34, and a CD_Ré
having the amino acid sequence of SEQ ID NO: 91, and wherein the light chain varia"ble
region comprises a CDR1 having the amino acid sequence of SEQ D N(O: 92, a C_D'Rz having
the amino acid sequance of SEQ D NO: 93, and a CDR3 having the amino acid Sequence of
SEQ 1D NO: 38; or
g) the heavy chain variable region comprises a CDR1 having the amino acid sequence
of SEQ 1D NO: 33, a CDR2 having the amino acid sequence of SEQ ID NO: 34, and a CDR3
having the amino acid sequence of SEQ ID NO: 35, and the light chain variable region
comprises a CDR1 having the amino acid sequence of SEQ ID NO: 36, a CDR2 having the
amino acid sequence of SEQ 1D NQ: 37, and a CDR3 having the amino acid sequence of SEQ
ID NO: 38; or
h) the heavy chain variable region comprises a CDR1 having the amino acid sequence
of SEQ 1D NO: 41, a CDR2 having the amino acid sequence of SEQ D NO: 42, and a CDR3
having the amino acid sequence of SEQ 1D NO: 43, and wherein the light chain variable
region comprises a COR1 having the aming acid sequence of SEQ ID NO: 44, a CDR2 having
the amino acid sequence of SEQ ID NO: 45, and & CDR3 having the amino acid sequence of
SEQ D NO: 46; or
i) the heavy chain variable region comprises a CDR1 having the aming acid sequence
" of SEQID NO: 48, a CDR2 having the amino acid sequence of SEQ D NO: 50, and a CDR3
having the amino acid sequence’of SEQ ID NO: 51, and wherein the light chain variable
regiaon comprises a CDR1 hayihg the amino a¢id sequence of SEQ ID NO: 52, 3 CDR2 having
the amino acid sequence ofJSEQ ID NO: 53, and a CDR3 having the amino acid sequence of
SEG D NO: 54; or _ |
j) the heavy cha.in variable region comprises a CDR1 having the amino acid sequence
of SEQ ID NO: 57,2 CDR2 having the amino acid sequence of SEQ 1D NO: 58, and a CDR3
having the am_‘ih:o acid sequence of SEQ D NO: 59, and wherein the light éhaiﬂ variable
region com_pfises a CDR1 having the amino acid sequence of SEQ 1D NO: 60, a CDR2 having
the amin.o"écid sequence of SEQ ID NO: 61, and a CDR3 having the amino acid seguence of
SEQ ED*NO: 62.
17:_,.-".. The antibody of claim 16, wherein:
_a')". the heavy chain variable region comprises the amino acid sequence of SEQ ID NO: 7
: .and the light chain variahle region comprises the amino acid sequence of SEQ 1D NO: 8: or
b) the heavy chain variable region comprises the amino acid sequence of SEQ ID NO:
15 and the light chain variable region comprises the amino acid sequence of SEQ 1D NO: 16;
or
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c) the heavy chain variable region comprises the amino acid sequence of SEQ ID NO:
71 and the light chain variable region comprises the amino acid sequence of SEQ ID NO;_,?E%;
or _

d) the heavy chain comprises the amino acid sequence of SEQ 1D NO: 72 and,t’?ae light

chain comprises the amino acid sequence of SEQ ID NO: 74; or ‘

e) the heavy chain variable region comprises the amino acid sequencep?SEQ iD NO:

23 and the light chain variable region comprises the amino acid sequence_}__df SEQ IR NO: 24;

or ‘ ‘

f) the heavy chain variable region comprises the amino acid seqﬁence of SEQ ID NC:

75 and the light-chain variahle region:.comprises the amino acid s}géuence ot SEQ 1D NO: 77;

or '

g the heavy chain comprises the amino acid sequencg-ﬁf SEQ 1D NO: 76 and the light

chain comprises:the amino acid sequence of SEQ 1D NO: 78, or

h) the heavy chain variable region comprises thg_-ré'mino acid sequence of SEQ D NO:

31 and the light chain variable region comprises th_e"émino acid sequence of SEQ ID NO: 32;

o |

i} the heavy chain variable region {:omgri;es the amino acid sequence of SEQ ID NO:

79 and the light chain variable region com__pf'ises the amine acid sequence of SEQ 1D NO: 81;

or

B the heavy chain comprises t?jé':\amino acid sequence of SEQ 1D NO: 80 and the light

chain comprises the amino acid sgq:uence of SEQ ID NOQ: 82; or

k) the heavy chain variab!ef‘region comprises the amino acid sequence of SEQ D NO:

39 and the light chain varia lg_l’e'region comprises the amino acid sequence of SEQ 1D NO; 40;

or

I} the heavy chain Qariable region comprises the amino acid sequence of SEQ D NO:

£7 and the light cha}_ir"ifvariable region comprises the amino acid sequence of SEQ 1D NO: 65;

or ;

m} the hea';fy chain comprises the amino acid sequence of SEQ D NO: 68 .and:the light

chain comprjiises the amino-acid sequence of SEQ ID NO: 70; or

n) the heavy chain-variable region comprises the amino acid sequence of SEQ 1D NO:

47 and =ti“\e light chain variable:region comprises the amino acid sequence of SEQ 1D NO: 48;

or__'"::

.d).. the heavy chain variable region comprises the amino acid sequence of SEQ D NO:
55 and the light chain vatiable region comprises the amino acid sequence of SEQ ID NO: 56;

or
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the light chain variable region comprises the amino acid sequence of SEQ 1D NO: 65; or ff
F

q) the heavy chain comprises the amino acid sequence of SEQ ID NO: 64 and the fight chgfi{\

comprises the amino acid sequence of SEQ 1D NO: 66. [/f

18. A pharmaceutical composition comprising the antibody of any one of the prgt‘%ding

claims. f;
4
19. A nucleic acid molecule comprising a polynucleotide sequence that er}je’odes a heavy

chain or a light chain of the antibody of any one of claims 1 to 17.

£

s
20. The nucleic acid molecule of claim 19, wherein the nucleic acid molecule comprises a
first polynucleotide sequence that encodes the heavy chain, and a second pglﬁnucleotide sequence that

encodes the light chain. ya
y

21. The nucleic acid molecule of claim 19 or claim 20, Where;n the nucleic acid molecule is a
vector.

22, A host cell comprising the nucleic acid mo|e<:uleﬁ,0’1§ any one of claims 19 to 21.

23, The host cell of claim 22, wherein the host cgi‘li:ompr%ses a first nucleic acid molecule

comprising a polynucleotide sequence that encodes a hea{e\f\; chain, and a second nucleic acid molecule
comprising a polynucleotide sequence that encodes a llght chain,

24. The host cell of claim 22, wherein ’sf!;'éfnucieic acid molecule comprises a first
polynucleotide sequence that encodes the heavfy-‘é‘hain, and a second polynucleotide sequence that
encodes the light chain.

25, A method of producing ap/ant:body of any one of claims 1 to 17 comprising incubating
the host cell of claim 23 or claim 24 under conditions sufficient to express the antibody.

26. Use of the pha rmag_eutical composition of claim 18 in the manufacture of a medicament
for stimulating endocortical bon‘gf’ﬁ)rmation in & patient.

27. Use of the pha”'?;naceuticaf composition of claim 18 in the manufacture of a medicament
for treating, managing, or preventmg a disease or disorder characterized by bone loss in a patient.

28. The us/e/of claim 27, wherein the disease or disorder is osteoporosis.

29, A sspg!e unit dosage form comprising the pharmaceutical composition of claim 18.

%
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CLAIMS

1. A monoclonal antibody that binds human notum pectinacetylesterase (NOTUM) and
neutralizes at least one activity of NOTUM, wherein the antibody reduces NOTUM activity in a trisodium
8-octanoyloxypyrene-1,3,6-trisulfonate (OPTS) assay in vitro and reduces NOTUM activity in a Wnt
signaling assay in vitro.

2. The antibody of claim 1, wherein the antibody binds to a NOTUM selected from mouse
NOTUM, guinea pig NOTUM, cynomolgus monkey NOTUM, and rhesus monkey NOTUM.

3. The antibody of any one of the preceding claims, wherein upon administration to a
subject the antibody increases serum PINP levels in vivo, increases bone mineral density in vivo,
increases midshaft femur cortical thickness in vivo, increases midshaft femur bone area in vivo, increases
midshaft humerus cortical thickness in vive, increases endocortical bone formation in vivo, increases the
proportion of cortical bone volume in the LV5 vertebral body in vivo, and/or increases the proportion of
femaral neck bone volume to femoral neck total volume in vivo.

4, The antibody of any one of the preceding claims, wherein the antibody bindsto a
polypeptide having the amino acid sequence of SEQ ID NO: 1 with K of less than 50 nM.

5. The antibody of claim 4, wherein the K is less than 20 nM.
6. The antibody of claim 5, wherein the Ky is ess than 10 nM.
7. The antibody of any ane of the preceding claims, wherein the antibody has at least one

binding characteristic selected from:

a) binds to a polypeptide having the amino acid sequence of SEQ ID NO: 83 with a binding
affinity that is at least 5-fold stronger than the binding affinity of the antibody for a polypeptide
having the amino acid sequence of SEQ 1D NO: 84;

b} binds to a polypeptide having the amino acid sequence of SEQ ID NO: 85 with a binding
affinity that is at least 5-fold stronger than the binding affinity of the antibody for a polypeptide
having the amino acid sequence of SEQ 1D NO: 86;

c) binds to a polypeptide having the amino acid sequence of SEQ 1D NO: 1 with a binding
affinity that is at least 5-fold stronger than the binding affinity of the antibody for a polypeptide
having the amino acid sequence of SEQ ID NO: 94;

d) binds to a polypeptide having the amino acid sequence of SEQ ID NO: 1 with a binding
affinity that is at least 5-fold stronger than the binding affinity of the antibody for a polypeptide
having the amino acid sequence of SEQ ID NO: 99;

) binds to a polypeptide having the amino acid sequence of SEQ 1D NO: 95 with a binding

affinity that is at least 5-fold stronger than the binding affinity of the antibody for a polypeptide
having the amino acid sequence of SEQ ID NO: 2;
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f) competes for binding to NOTUM with an antibody comprising a heavy chain variable

region having an amino acid sequence of SEQ ID NO: 7 and a light chain variable region having

the amino acid sequence of SEQ ID NO: §;

g) competes for binding to NOTUM with an antibody comprising a heavy chain variable

region having an amino acid sequence of SEQ ID NO: 15 and a light chain variable region having

the amino acid sequence of SEQ ID NO: 16;

h) competes for binding to NOTUM with an antibody comprising a heavy chain variable

region having an amino acid sequence of SEQ 1D NO: 23 and a light chain variable region having

the amino acid sequence of SEQ ID NO: 24;

i) competes for binding to NOTUM with an antibody comprising a heavy chain variable

region having an amino acid sequence of SEQ ID NO: 31 and a light chain variable region having

the amino acid sequence of SEQ ID NO: 32;

i) competes for binding to NOTUM with an antibody comprising a heavy chain variable

region having an amino acid sequence of SEQ 1D NO: 39 and a light chain variable region having

the amino acid sequence of SEQ 1D NO: 40;

k) competes for binding to NOTUM with an antibody comprising a heavy chain variable

region having an amino acid sequence of SEQ ID NO: 47 and a light chain variable region having

the amino acid sequence of SEQ ID NO: 48; and

1) competes for binding to NOTUM with an antibody comprising a heavy chain variable

region having an amino acid sequence of SEQ ID NO: 55 and a light chain variable region having

the amino acid sequence of SEQ 1D NO: 56.

8. The antibody of any one of the preceding claims, wherein the antibody is selected from
a mouse antibody, a chimeric antibody, a humanized antibody, and a human antibody.

9. The antibody of claim 1, wherein the antibody comprises a heavy chain variabie region
and a light chain variable region, wherein:

a) the heavy chain variable region comprises a CDR1 having the amino acid sequence of

SEQLID NO: 9, a CDR2 having the amino acid sequence of SEQ D NO: 10, and a CDR3 having the

amino acid sequence of SEQ ID NO: 11, and wherein the light chain variable region comprises a

CDR1 having the amino acid sequence of SEQ D NO: 12, a CDR2 having the amino acid sequence

of SEQ 1D NO: 13, and a CDR3 having the amino acid sequence of SEQ 1D NO: 14; or
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b) the heavy chain variable region comprises a CDR1 having the amino acid sequence of
SEQ ID NO: 80, a CDR2Z having the amino acid sequence of SEQ D NO: 18, and a CDR3 having the
amino acid sequence of SEQ 1D NO: 91, and wherein the light chain variable region comprises a
CDR1 having the amino acid sequence of SEQ ID NO: 92, a CDR2 having the amino acid sequence
of SEQ ID NO: 93, and a CDR3 having the amino acid sequence of SEQ D NO: 22; or

c) the heavy chain variable region comprises 2 CDR1 having the amino acid sequence of
SEQ 1D NO: 17, a CDR2 having the amino acid sequence of SEQ 1D NO: 18, and a CDR3 having the
amino acid sequence of SEQ 1D NO: 19, and the light chain variable region comprises a CDR1
having the amino acid sequence of SEQ ID NO: 20, a CDR2 having the amino acid sequence of
SEQ 1D NO: 21, and a CDR3 having the amino acid sequence of SEQ D NO: 22; or

d} the heavy chain variable region comprises a CDR1 having the amino acid sequence of
SEQ ID NO: 90, a CDR2 having the amino acid sequence of SEQ ID NO: 26, and a CDR3 having the
amino acid sequence of SEQ ID NO: 27, and wherein the light chain variable region comprises a
CDR1 having the amino acid sequence of SEQ [D NO: 92, a CDR2 having the amino acid sequence
of SEQ 1D NO: 93, and a CDR3 having the amino acid sequence of SEQ ID NO: 30; or

e) the heavy chain variable region comprises a CDR1 having the amino acid sequence of
SEQ ID NO: 25, a CDR2 having the amino acid sequence of SEQ ID NO: 26, and a CDR3 having the
amino acid sequence of SEQ |D NO: 27, and wherein the light chain variable region comprises a
CDR1 having the amino acid sequence of SEQ ID NO: 28, a CDR2 having the amino acid sequence
of SEQ 1D NO: 29, and a CDR3 having the amino acid sequence of SEQ 1D NO: 30; or

f) the heavy chain variable region comprises a CDR1 having the amino acid sequence of
SEQ ID NO: 90, a CDR2 having the amino acid sequence of SEQ 1D NO: 34, and a CDR3 having the
amino acid sequence of SEQ ID NO: 91, and wherein the light chain variable region comprises a
CDR1 having the amino acid sequence of SEQ 1D NO: 92, a CDR2 having the amino acid sequence
of SEQLID NO: 93, and a CDR3 having the amino acid sequence of SEQ ID NO: 38; or

g) the heavy chain variable region comprises a CDR1 having the amino acid sequence of

‘_ SEQ 1D NOQ: 33, a CDR2 having the amino acid sequence of SEQ ID NO: 34, and a CDR3 having the
~ amino acid sequence of SEQ ID NO: 35, and the light chain variable region comprises a CDR1
having the amino acid sequence of SEQ ID NO: 36, a CDR2 having the amino acid sequence of
SEQ ID NO: 37, and a CDR3 having the amino acid sequence of SEQ 1D NO: 38; or

f h} the heavy chain variable region comprises a CDR1 having the amino acid sequence of

© SEQ 1D NO: 41, a CDR2 having the amino acid sequence of SEQ ID NO: 42, and a CDR3 having the
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amino actd sequence of SEQ ID NO: 43, and wherein the light chain variable region comprises a
CDR1 having the amino acid sequence of SEQ ID NO: 44, a CDR2 having the amino acid sequence
of SEQ 1D NO: 45, and a CDR3 having the amino acid sequence of SEQ ID NO: 46; or

i) the heavy chain variable region comprises a CDR1 having the amino acid sequence of
SEQ ID NO: 49, a CDR2 having the amino acid sequence of SEQ ID NO: 50, and a CDR3 having the
amino acid sequence of SEQ 1D NO: 51, and wherein the light chain variable region comprises a
CDR1 having the amino acid sequence of SEQ ID NO: 52, a CDR2 having the amino acid sequence
of SEQ ID NO: 53, and a CDR3 having the amino acid sequence of SEQ 1D NO: 54; or

i1 the heavy chain variable region comprises a CDR1 having the amino acid sequence of
SEQUID NO: 57, a CDR2 having the amino acid sequence of SEQ ID NO: 58, and a CDR3 having the
amino acid sequence of SEQ ID NO: 58, and wherein the light chain variable region comprises a
CDR1 having the amino acid sequence of SEQ 1D NO: 60, a CDR2 having the amino acid sequence
of SEQ ID NQ: 61, and a CDR3 having the amino acid sequence of SEQ ID NO: 62.

10. The antibody of claim 9, wherein:

a) the heavy chain variable region comprises the amino acid sequence of SEQ {D NO: 7 and
the light chain variable region comprises the amino acid sequence of SEQ 1D NO: 8; or

b) the heavy chain variable region comprises the amino acid sequence of SEQ ID NO: 15
and the light chain variable region comprises the amino acid sequence of SEQ ID NO: 16; or

c) the heavy chain variable region comprises the amino acid sequence of SEQ ID NO: 71
and the light chain variable region comprises the amino acid sequence of SEQ ID NO: 73; or

d) the heavy chain comprises the amino acid sequence of SEQ 1D NO: 72 and the light chain
comprises the amino acid sequence of SEQ D NO: 74; or

e) the heavy chain variable region comprises the amino acid sequence of SEQ 1D NO: 23
and the light chain variable region comprises the amino acid sequence of SEQ [D NO: 24; or

f) the heavy chain variable region comprises the amino acid sequence of SEQ {D NO: 75
and the light chain variable region comprises the amino acid sequence of SEQ ID NO: 77; or

g) the heavy chain compsises the amino acid sequence of SEQ ID NO: 76 and the light chain
comprises the amino acid sequence of SEQ 1D NO: 78; or

h) the heavy chain variable region comprises the amino acid sequence of SEQ 1D NO: 31
and the light chain variable region comprises the amino acid sequence of SEG {D NO: 32; or

i) the heavy chain variable region comprises the amino acid sequence of SEQ{D NO: 79

and the light chain variable region comprises the amino acid sequence of SEQ [D NO: 81; or
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il the heavy chain comprises the amino acid sequence of SEQ ID NG: 80 and the light chain

comprises the amino acid sequence of SEQ 1D NO: B2; or

k) the heavy chain variable region comprises the amino acid sequence of SEQ 1D NO: 39

and the light chain variable region comprises the amino acid sequence of SEQ 1D NO: 40; or

i) the heavy chain variable region comprises the amino acid sequence of SEQ iD NO: 67

and the light chain variable region comprises the amino acid sequence of SEQ ID NO: 69; or

m) the ﬁeavy chain comprises the amino acid sequence of SEQ ID NO: 68 and the light chain

comprises the amino acid sequence of SEQ 1D NO: 70; or

n the heavy chain variable region comprises the amino acid sequence of SEQ 1D NO: 47

and the light chain variable region comprises the amino acid seguence of SEQ 1D NO: 48; or

0) the heavy chain variable region comprises the amino acid sequence of SEQ 1D NO: 55

and the light chain variable region comprises the amino acid sequence of SEQ 1D NO: 56; or

p) the heavy chain variable region comprises the amino acid sequence of SEQ ID NO: 63

and the light chain variable region comprises the amino acid sequence of SEQ 1D NG: 65; or

o)} the heavy chain comprises the amino acid sequence of SEQ 1D NO: 64 and the light chain

comprises the amino acid sequence of SEQ. 1D NO: 66.

11, A pharmaceutical composition comprising the antibody of any one of the preceding
claims, ‘

12. A nucleic acid molecule comprising & polynucleotide sequence that encodes a heavy
chain or a light chain of the antibody of any one of claims 1 to 10.

13. The nucleic acid molecule of claim 12, wherein the nucleic acid molecule comprises a
first polynucleotide sequence that encodes the heavy chain, and a second polynucleotide sequence that

encodes the light chain.

14. The nucleic acid mo.lecuie of claim 12 or claim 13, wherein the nucleic acid molecule is a
vector,

15. A host cell comprising the nucleic acid molecule of any one of claims 12 to 14.

16. The host cell of claim 15, wherein the host cell comprises a first nucleic acid molecule

comprising a polynucleotide sequence that encodes a heavy chain, and a second nucleic acid motecule
comprising a polynucleotide sequence that encodes a light chain.

17. The host cell of claim 15, wherein the nucleic acid molecule comprises a first
polynucieotide sequence that encodes the heavy chain, and a second polynucleotide sequence that

encodes the light chain.
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18. A method of producing an antibody of any one of claims 1 to 10 comprising incubating

the host cell of claim 16 or claim 17 under conditions sufficient to express the antibody.

19. Use of the pharmaceutical composition of claim 11 in the manufacture of a medicament

for stimulating endocortical bone formation in a patient.

20. Use of the pharmaceutical composition of claim 11 in the manufacture of a medicament

for treating, managing, or preventing a disease or disorder characterized by bone loss in a patient.
21. The use of claim 20, wherein the disease or disorder is osteoporaosis.

22. A singie unit dosage form comprising the pharmaceutical composition of claim 11,
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